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Introduction 

Umbilical cord is an important source of stem cells, whether hematopoietic, and thus 

obtainable from placental blood, or mesenchymal, easily obtainable from the tissue of the 

cord itself.  In this paper, we focus our attention on the mesenchymal stem cells present in the 

umbilical cord and which can be drawn from the 

Wharton’s jelly, the matrix in which they are found 

(UCMSCs). Many studies conducted in recent years 

have shown that these cells have an enormous 

therapeutic potential for cell therapy. In particular, we 

want to focus on the potentials of this biological 

material, which can be easily obtained in the delivery 

room, and which entails no problems whatsoever, of 

either a medical, or, an ethical nature. Also worth 

noting, is the ease of obtaining this neonatal biological 

material, which is more primitive and uncontaminated 

than other sources of mesenchymal stem cells (MSC), 

such as those that can be drawn from bone marrow or 

fatty tissue. UCMSC, are also a low cost source for the 

community, since they would otherwise be disposed of as waste in the delivery room. 

 

 

 

 

 

 

 

 

 

 

 

 

Umbilical Cord Samples. 

 

 

 

 

 

 

 

Umbilical cord blood collection. 
 



 

 

 

 

Mesenchymal Stem Cells 

Mesenchymal stem cells (MSC) are a type of multipotent adult stem cell. MSCs are immature, 

and, like haematopoietic cells, which we find in umbilical cord blood, have a good capacity to 

renew themselves and differentiate continuously into specialized cells of the various human 

tissues. MSC’s were originally described as early as the 1960’s in animal experiments on 

embryo’s, but it was not until the 1980’s that the concept of common MSC’s in adult tissues 

was confirmed. Source, and availability of MSC’s has, however, taken some time to work out. 

While some MSC’s can be found in many organs, those organs are not realistic targets for 

harvesting them without resulting organ damage. MSC’s have also been sourced in bone 

marrow (1- 4 per 100,000 nucleated cells), or, in a smaller numbers, in the umbilical cord 

blood itself. They are also present, in much smaller concentrations in many adult human 

organs, and neonatally in foetal liver and amniotic fluid. Compared to these sources, however, 

MSC’s can be found in more considerable numbers in Wharton’s jelly, the matrix of the 

umbilical cord, and in the placental tissues. The added advantage of Wharton’s Jelly is also 

that there is no risk in the 

harvesting procedure. 

 

Pictured here are pieces of 

Wharton’s Jelly.  

 

 

MSCs can, like amniotic 

fluid cells, be easily expanded in vitro in the 

presence of serum alone, without the 

addition of growth factors, or in defined 

conditions without serum support at all. 

In bone marrow, MSCs play an essential role 

in the regulation of proliferation and 

differentiation of the myeloid cells and 

lymphoid cells, both B and T. For this reason 

they initially focussed the attention of 

researchers for their use in cases of 

allogeneic transplant of bone marrow with 

hematopoietic stem cells (HSC). MSCs, 

added to HSCs, have been used to support 

an immunosuppressive action that reduces the incidence and severity of graft-versus-host 

disease (GVHD) in some patients and makes it possible to use lower doses of pharmacological 

immunosuppressors. The use of MSCs, together with HSCs, has also shown a better 

engraftment and reconstitution of the bone marrow, including the T and B lymphoid lineages.  

 

Experimentally, MSCs are identified by the expression of a number of surface markers, 

including STRO-1, SB-10, SH3, and SH4 anigens as well as Thy-1 (CD 90), TGF-β receptor type III 

endoglin (CD 105), Hyaluronic acid receptor CD-44, Integrin α1 subunit CD 29, CD 133, 

P75LNGFR and activated leucocytes-cell adhesion molecules (ALCAM CD 166). 



 

 

 

 

 

 

MSC are negative for the hematopoietic markers CD 34, CD 45 and CD 14. SH3, SH4 and STRO-

1 antibodies recognize antigens that are present on mesenchymal cells but not on 

hematopoietic cells. However, these are not expressed exclusively to MSC and are found on 

other cell type. To date, there is no one single marker or combination of markers that has 

been shown to be specific and exclusive to MSCs therefore it remains a challenge to isolate 

MSC specifically from a mixed cell population but a combination of antibodies can be used to 

characterize MSC. 

 

 

 

 

 

 

 

 

 

 

 

Pictured here are Mesenchymal Stem Cells growing from Umbilical Cord. 



 

 

 

 

The potential of human MSC’s for organ regeneration. 

The promise of these extraordinary cells isolated from Wharton’s jelly at the time of birth give 

rise, using particular culture media, to colonies of multipotent cells capable of generating, 

both in vitro and in vivo, numerous types of tissue cells (nerve, skin, blood, bone, cartilage, fat, 

muscle, skeleton, heart, kidney, endothelium, liver, and pancreas cells). This useful 

phenomenon of multi-differentiating capacity has been interpreted as an expression of the  

“plasticity” property of the MSC’s. Therefore, in degenerating conditions, of certain 

pathological or tissue damage conditions, these cells could take differentiative routes other 

than their normal physiological ones. Such an interpretation appears to find confirmation in 

the positive clinical results obtained by various research centres with the administration of 

autologous (same patient as donor) MSCs in patients suffering from pathologies such as 

myocardial infarction, bone necrosis, bone fractures, meniscal tear, type 1 diabetes, acute 

necrosis of the brain, obstructive arteriopathy, and chronic toxic hepatopathy.  

 

The reasons for MSC plasticity might be connected with the presence of a small subgroup of 

cells endowed with a much higher, more important differentiative potential. In recent years, 

McGuckin research group (Newcastle and Lyon) showed that it was possible to isolate, from  

Wharton’s jelly, a more highly pluripotent group of cells which could differentiate 

reproducibly to the neural lineage including neurons, oligodendrocytes, and astrocytes.  

 

Wharton’s jelly is thus an important source of both mesenchymal stem cells and multi-

pluripotent stem cells. Whether the lineage is the same for both groups is not yet known, but 

the usefulness of the Umbilical Cord was therefore proven. In degenerative diseases and in 

numerous pathologies, there is an accompanied loss of specialised cells in organs and tissues, 

resulting in functional failure. This can lead to a very high healthcare cost to deal with the 

ongoing symptoms and problems of the disease, with no ultimate underlying treatment 

available.  The lower quality of life is also an issue, potentially leading to premature death. For 

this reason, developing new treatments capable not only of preventing, but also treating the 

pathology responsible for the tissue damage and also of restoring the structure and function 

of the damaged tissues and organs, is of great social importance. 

 

Regenerative medicine is the term now given for what is considered the “final frontier” of 

research: to regenerate the damaged tissue in a way that guarantees restoration of the 

function of not one, but numerous specialized tissues such as: liver, pancreas, myocardium, 

prostate, bones, cartilage, endothelia, heart valves, bladder, auditory system, visual system, 

adrenal gland, skin, and more, through the transplant of cells, in order to provide new 

therapeutic treatments for pathologies or lesions that conventional medicine and 

pharmacological therapies are not able to treat effectively. Now that Wharton’s Jelly has been 

found to contain “regenerating” MSC’s, a vast therapeutic potential now opens up. The 

Umbilical Cord, which is normally discarded after birth, may now be considered useful for later 

in life, if it can be stored.  Many researchers have now confirmed good levels of MSC’s in 

Umbilical Cord.  Many of the studies on umbilical cord stem cells have focused on tissues close 

to the blood supply, but research has also shown that different parts of the cord are useful for 

different sources of stem cells.  



 

 

 

 

In cord blood, the frequency has been quoted as 2 per 200 million, but the frequency actually 

varies from child to child considerably. For Wharton’s Jelly derived cells the frequency rises to 

1 per 300 cells harvested. 

 

Potential for storing Umbilical Cord. 

Since availability of MSC’s from different organs can be a problem, one of the most realistic 

sources in an adult human was considered to be Bone Marrow. Fat related adipose tissue was 

also considered to be a source. These sources do not require surgery that is considered to be 

life-threatening, but requiring a surgical procedure and a certain level of anaesthetic. Some 

pain can also be involved. Therefore, the potential to store your Umbilical Cord, which is taken 

at no risk to the child and stored for later life, was considered a true potential worth pursuing. 

 

In 2007, The Cryo-Save group, Europe’s largest stem cell bank, undertook an ambitious 

research and development plan to find a way to not only store the Wharton’s Jelly, or just the 

MSC’s but indeed the whole Umbilical Cord, in a way that would allow potential stem and 

progenitor cells resident in the cord to be maintained for later use. Working with leading 

research centres in Europe, including university hospitals, and the laboratory of their Scientific 

Director, they became the first in the world to offer a reproducible service to store Umbilical 

Cord. 

  

Storing a physical tissue, rather than storing individual separated cells, requires novel 

procedures for processing, freezing and thawing. It also has to be carried out in a way which 

complies with the European Directives for the use of cells and tissues. The procedure, allows 

multiple sections of cord to be frozen for later use, enhancing the availability of the cells for 

later potential therapies. Working with leading scientists, the team were able to produce a 

protocol which allows the tissue to be frozen and then thawed out whilst still allowing the 

stem cells to be harvested in high quality. The Scientific Director’s team were able to show 

that the stem cells could go on to differentiate into bone, fat, cartilage, neural cells and liver 

amongst others. In doing so, Cryo-Save has been able to show that it can not only freeze the 

tissues of the Umbilical Cord, but also 

to unfreeze them and make them 

useful. 

 

 

Left – Neural Cells growing from an 

original Umbilical Cord. 

 

In a three year project, the study of 

the cells growing in laboratory culture 

demonstrated the useful-ness of 

Umbilical Cord. Now, Cryo-Save works 

with leading centres who are 

developing the cells for therapy, not 

least in heart and liver disease. 



 

 

 

 

Cryo-Save’s latest venture to support research and clinical development is with Professor Colin 

McGuckin and his team in Lyon at the Cell Therapy Research Institute. This group were the 

pioneers who first showed that Umbilical Cord Blood contained extremely early stem cells 

with some characteristics in common with embryonic stem cells, but without the ethical 

dilemmas and also were the pioneers who first made hepatic, neural and pancreatic tissues 

from cord blood. Following this they went on to develop similar tissues from the physical 

Umbilical Cord itself, which now, together with the Cryo-Save process allows, regenerative 

medicine to move to the next level. Professor McGuckin is also one of the founders of the 

Novus Sanguis charitable research consortium which was founded in 2008 to raise money to 

bring adult stem cells faster into the clinic via responsible regenerative medicine.  Together 

with Cryo-Save they are now supporting the development of clinical networks to promote 

stem cell therapies.  

 

The protocols for the isolation of MSCs from Wharton's’s jelly have ended, as have the 

protocols for their in vitro culture and storage. The cell culture methods envisaged will permit 

basic scientific research on UCMSCs. 

 

Our concept is for both the umbilical cord blood and the umbilical cord mesenchymal stem 

cells to be collected at birth and preserved in our laboratories to permit in the years to come a 

new approach for the prevention of degenerative diseases and future therapeutic 

applications. Whereas umbilical cord blood is already a familial and autologous therapeutic 

solution in oncology and hematology, MSCs are a valid alternative in cell therapy and 

regenerative medicine. 

  

Conclusion. 

Umbilical Cord is a rich source of a stem cell often called “Mesenchymal”. The potential for 

this group of stem cells to differentiate into many different tissues such as bone, cartilage, fat, 

liver, neural, pancreatic and muscle has been shown, and the cells are also considered to have 

regenerating potential for certain degenerative conditions. Storing these cells is now 

considered possible from the Umbilical Cord by novel freezing technologies. The use of 

mesenchymal stem cells is also being proven through a worldwide network of clinical trials not 

least in heart, bowel, immune system and degenerative illnesses. 

 

Bibliography 

 

1. Al-Chalabi A, Leigh N. Scientific Commentary Trouble on the pitch: are professional football players at 

increased risk of developing amyotrophic lateral sclerosis? Brain 2005; 128: 451-453 

 

2. Almer G et al. Increased expression of the pro-inflammatory enzyme COX-2 in amyotrophic lateral 

sclerosis. Ann.Neurol. 2001; 49: 176-185 

 

3. Andersen PM, Sims KB, Xin WW, Kiely R, O’Neill G, Ravits J et al. Sixteen novel mutations in the Cu/Zn 

superoxide dismutase gene in amyotrophic lateral sclerosis: a decade of discoveries, defects, and 

disputes. Amyotroph Lateral Scler Other Motor Neuron Disord 2003;  4: 62-73 

 



 

 

 

4. Anderson DJ, Gage FH, Weissman IL. Can stem cells cross lineage boundaries?  Nat Med. 

2001;7(4):393-5.   

 

5. Assady S, Maor G, Amit M, Itskovitz-Eldor J, Skorecki KL, TzukermanM. Insulin production by humann 

embryonic stem cells. Diabetes, 2001; 50(8): 1691-7 

 

6. Barry  F, Boyton Rre et al. The monoclonal antibody SH-2, raised against human mesenchymal stem 

cells, rewcognizes an epitope on endoglin (CD150). Biochem Biophys Res Commun 1999; 265: 134-139 

 

7. Barry F, Boyton R et al. The SH-3 and SH-4 antibodies recognize distinct epitopes on CD73 from 

human mesenchymal stem cells. Biochem Biophys Res Commun 2001; 289: 519-524 

 

8. Barry F, Murphy JM. Mesenchymal stem cells: clinical application and biological characterization. Int. 

J. Biochem. Cell. Biol. 2004; 36:568-84   

 

9. Baksh D., L. Song, R. S. Tuan.  Adult mesenchymal stem cells: characterization, differentiation, and 

application in cell and gene therapy J. Cell. Mol. Med. 2004; 8 (3): 301-316 

 

10. Belcredito S., Vegeto E, Brusadelli A, Ghisletti S, Mussi P, Ciana P, Maggi A. Estrogen 

neuroprotection: the involvmente of the Bcl-2 binding protein BNIP2. Brain Res. Rev. 2001; 37: 335-342 

 

11. Bendotti C., Calvaresi N, Chiveri L, Pelle A, Moggio M,braga M, Silani V, DeBiasi S. Early vacuolization 

and mitochondrial damage in motor neurons of FALS mice are not associated with apoptosis or with 

changes in cytochrome oxidase histochemical reactivity. Journal of the neurological sciences 2001; 191: 

25-33 

 

12. Bendotti C, Tortarolo M, Sachin K, Calvaresi N, Carvelli L, Bastone A, Rizzi M, Mennini T. Transgenic 

SOD1 G93A mice develop reduced GLT-1 in spinal cord without alterations in cerebrospinal fluid 

glutamate levels. Journal of Neurochemistry 2001; 79: 737-746 

 

13. Bjorklund, A. & Lindvall, O. Cell replacement therapies for central nervous system disorders. Nature 

Neurosci. 2000; 3, 537–544   

 

14. Bjornson CR, Rietze RL, reynolds BA, Magli MC, Vescovi AL. turning brain into blood: a 

hematopoietic fate adopted by adult neural stem cells in vivo. Science. 1999; 283:534-37 

 

15. Brazelton  TR,  Rossi   FM,  Keshet   GI,  Blau    HM.  From  marrow  to   brain:  expression of neuronal 

phenotypes in adult mice. Science 2000; 290: 1775-1779. 

 

16. Bruder SP,Ricalton NS,Boynton RE,et al.. .Mesenchymal stem cell surface antigen SB-10 corresponds 

to activated leukocyte cell adhesion molecule and is involved in osteogenic differentiation.J Bone Miner 

Res 1998; 13:655 –663. 

 

17. Bruijn et al. Unraveling the mechanisms involved in motor neuron degeneration in ALS. Annu. Rev. 

Neurosci 2004; 27: 723-49   

 

18. Bruijn LI, Becher MW, Lee MK et al. ALS-linked SOD1 mutant  G85R mediates damage to astrocytes 

and promotes rapidly progressive disease with SOD1-containing inclusions. Neuron 1997; 18: 327-38 

 

 



 

 

 

19. Cardona-Gomez GP, Mendez P, DonCarlos L, Azcoitia I, Garcia-Segura LM. Interaction of estrogens 

and insulin-like growth factor I in the brain : implication for neuroprotection. Brain Res. Rev. 2001; 37: 

320-334 

 

20. Carrì MT et al. Expression of a Cu/Zn superoxide dismutase typical of a familial amyotrophic lateral 

sclerosis induces mithocondrial alteration and increase of cytosolic Ca2+concentration in transfected 

neuroblastoma SH-SY5Y cells. FEBS Lett.1997; 414, 365-368 

 

21. Chio` A, Benzi G, Dossena M, Mutani R, Mora G.  Severely increased risk of amyotrophic lateral 

sclerosis among Italian professional football players Brain 2005, 128, 472–476 

 

22. Ciriolo MR et al. Cu/Zn superoxide dismutase-dependent apoptosis induced by nitric oxide in 

neuronal cells. J. Biol. Chem. 2000; 275:606-613 

 

23. Clement A.M., Nguyen M.D., Roberts E.A., Garcia M.L., Boillè S. et al. Wild-type non-neuronal cells 

extend survival of SOD1 mutant motor neurons in ALS mice. Science 2003; 302:113-117 

 

24. Cleveland DW. From Charcot to SOD1: mechanism of selective motor neuron death in ALS. Neuron 

1999; 24:515-20 

 

25. Corti S., Locatelli F., Donadoni C., Guglieri M., Papamitriou D., Strazzer S., DelBo R., Comi G. Wild-

type bone marrow cells ameliorate the phenotype of SOD1-G93A ALS mice and contribute to CNS, heart 

and skeletal muscle. Brain 2004; 127: 2518-2532 

 

26. D’Ippolito G, Schiller PC, Ricordi C, Howard GA. Age-related osteogenic potential of mesenchymal 

stem cells from human vertebral bone marrow.J. Bone Min. Res. 1999; 14:1115-22 

 

27. Dal Canto MC, Gurney mE. Neuropathological changes in two lines of mice carrying a transgene for 

mutant human Cu/Zn SOD, and in mice overexpressing wild-type human SOD: a model of a familial 

amyotrophic lateral sclerosis. Brain Res. 1995; 676:25-40 

 

28. Deng W, Obrocka M, Fischer I, Prockop DJ. In vitro differentiation of human marrow stromal cells 

into early progenitors of neural cells by conditions that increase inttracellular cyclic AMP. Bioche. 

Biophys. Res. Comm. 2001; 282:148-152   

29. Devine MJ, Mierisch CM,Jang E,et al..Transplanted bone marrow cells localize to fracture callus in a 

mouse model.J Orthop Res 2002; 6:1232 –1239. 

 

30. Dezawa M, Kanno H, Hoshino M, Cho H, Matsumoto N, Itokazu Y, suzuki Y, Ide C. Specific induction 

of neuronal cells from bone marrow stromal cells and application for autologous transplantation. J. Clin. 

Invest. 2004; 77: 192-204 

 

31. Di Nicola M, Carlo-Stella C,Magni M,et al. Human bone marrow stromal cells suppress   T-

lymphocyte   proliferation   induced   by   cellular  or  non-specific mitogenic stimuli. Blood 2002; 

99:3838 –3843 

 

32. Doetschmann TC, Eistetter H, Katz M, Schmidt W, Kemler R. The in vitro development of blastocyst-

derived embryonic stem cell lines: formation ofvisceral yolk sac, blood island and myocardium. J. 

Embryol. Exp. Morphol. 1985; 87: 27-45. 

 

 



 

 

 

33. Drachman DB et al. COX-2 inhibition protects motor neurons and prolongs survival in a transgenic 

mouse model of ALS. Ann.Neurol. 2002; 52: 771-778 

 

34. Eglitis MA, Mezey E. Hematopoietic cells differentiate into both microglia and macroglia in the 

brains of adult mice. Proc Natl Acad Sci USA 1997; 94:4080-4085. 

 

35. Elaine Fuchs and Julia A. Segre Stem Cells: Review  A New Lease on Life  Cell, 2000 Vol. 100, 143–155 

 

36. Ende N, Weinsten F,Chen R, Ende M. Human umbilical cord effect on SOD mice. Life Sci. 2000; 67: 

53-59 

 

37. Ferri A et al. Cell death in amyotrophic lateral sclerosis: interplay between neuronal and glial cells. 

FASEB J., 2004; 10.1096/fj.03-1199 

 

38. Friedenstein A, Gorskaja U, Kulagina NN. Fibroblast precursors in normal and irradiated mouse 

hematopoietic organs. Exp. Hematol.1967; 4:267-74 

 

39. Lagasse E., Connors H., Al-Dhalimy M., Reitsma M., Dohse M., Osborne L., Wang X., Finegold M., 

Weissman I.L., Grompe M. Purified hematopoietic stem cells can differentiate into hepatocytes in vivo. 

Nat. Med. 2000; 6(11): 1229-1234. 

 

40. Lee KD,Kuo TK, Whang-Peng J, Chung YF, Lin CT, Chou SH, Chen JR, Chen YP, Lee OK. In vitro hepatic 

differentiation of human mesenchymal stem cells. Hepatology. 2004 Dec;40(6): 1275-84.  

 

41. Forbes S.J., Poulsom R., Wright N.A. Hepatic and renal differentiation from blood-born stem cells. 

Gene Ther. 2002; 9:625-630. 

 

42. Grisham J.W., Thorgeisson S.S. Liver stem cells. In: Stem Cells, C.S. Potten (Ed.), Academic Press, 

London UK, 1997; 233-282. 

 

43. Report NHI (National Institute of Health), 2001. Stem cell information. http://stemcells.nih.gov.  

 

44. Asahara T., Murohara T., Sullivan A., Silver M., van der Zee R., Li T., Witzenbichler B., Schatteman G., 

Isner J.M. Isolation of putative progenitor endothelial cells for angiogenesis. Science 1997; 275(5302): 

964-967. 

  

45. Pittenger M.F., Mackay A.M., Beck S.C., Jaiswal R.K., Douglas R., Mosca J.D., Moorman M.A., 

Simonetti D.W., Craig S., Marshak D.R. Multilineage potential of adult human mesenchymal stem cells. 

Science 1999; 284(5411): 143-147. 

 

46. Romanov Y.A., Svintsitskaya V.A., Smirnov V.N. Searching for alternative sources of postnatal human 

mesenchymal stem cells: candidate MSC-like cells from umbilical cord. Stem Cells 2003; 21(1): 105-110. 

  

47. Deans RJ, Moseley AB. Mesenchymal stem cells: biology and potential clinic uses. Exp Hematol. 

2000 Aug; 28(8): 875-84. 

 

48. Petersen B.E., Bowen W.C., Patrene K.D., Mars W.M., Sullivan A.K., Murase N., Boggs S.S., 

Greenberger J.S., Goff J.P. Bone marrow as a potential source of hepatic oval cells. Science 1999; 

284(5417): 1168-1170. 

 



 

 

 

49. Broxmeyer HE, Douglas GW, Hangoc G, Cooper S, Bard J, English D, Arny M, Thomas L, Boyse EA. 

Human umbilical cord blood as a potential source of transplantable hematopoietic stem/progenitor 

cells. Proc Natl Acad Sci U S A. 1989 May; 86(10): 3828-32. 

 

50. Kakinuma S, Tanaka Y, Chinzei R, Watanabe M, Shimizu-Saito K, Hara Y, Teramoto K, Arii S, Sato C, 

Takase K, Yasumizu T, Teraoka H. Human umbilical cord blood as a source of transplantable hepatic 

progenitor cells. Stem Cells. 2003; 21(2): 217-27.  

 

51. Covas DT, Siufi JL, Silva AR, Orellana MD. Isolation and culture of umbilical vein mesenchymal stem 

cells. Braz J Med Biol Res. 2003 Sep; 36(9): 1179-83. 

 

52. Mitchell KE, Weiss ML, Mitchell BM, Martin P, Davis D, Morales L, Helwig B, Beerenstrauch M, Abou-

Easa K, Hildreth T, Troyer D, Medicetty S. Matrix cells from Wharton's jelly form neurons and glia. Stem 

Cells. 2003; 21(1): 50-60. 

  

53. Wang HS, Hung SC, Peng ST, Huang CC, Wei HM, Guo YJ, Fu YS, Lai MC, Chen CC Mesenchymal stem 

cells in the Wharton’s jelly of the human umbilical cord. Stem Cells 2004; 22(7): 1330-7. 

 

54. Kaviani A, Perry TE, Barnes CM, Oh JT, Ziegler MM, Fishman SJ, Fauza DO. The placenta as a cell 

source in fetal tissue engineering. J Pediatr Surg. 2002 Jul; 37(7): 995-9.  

 

55. Alberts B., Bray D., Lewis J., Raff M., Roberts K., Watson J.D. Molecular Biology of the cell. Garland 

Publishing Inc., Third Ed.; 1994: 950-970. 

 

56. Terada S., Sato M, Sevy A, Vacanti JP. Tissue engineering in the twenty-first century. Yonsei Med J. 

2000 Dec; 41(6): 685-91. Review. 

  

57. Weiss TS, Jahn B, Cetto M, Jauch KW, Thasler WE. Collagen sandwich culture affects intracellular 

polyamine levels of human hepatocytes. Cell Prolif. 2002 Oct; 35(5): 257-67. 

 

58. Sanchez A, Alvarez AM, Pagan R, Roncero C, Vilaro S, Benito M, Fabregat I. Fibronectin regulates 

morphology, cell organization and gene expression of rat fetal hepatocytes in primary culture. J 

Hepatol. 2000 Feb; 32(2): 242-50. 

  

59. Richert L, Binda D, Hamilton G, Viollon-Abadie C, Alexandre E, Bigot-Lasserre D, Bars R, Coassolo P, 

LeCluyse E. Evaluation of the effect of culture configuration on morphology, survival time, antioxidant 

status and metabolic capacities of cultured rat hepatocytes. Toxicol In Vitro. 2002 Feb; 16(1): 89-99. 

  

60. Parnigotto PP, Gamba PG, Conconi MT, Midrio P. Experimental defect in rabbit urethra repaired 

with acellular aortic matrix.Urol Res. 2000 Jan; 28(1): 46-51. 

  

61. Parnigotto PP, Marzaro M, Artusi T, Perrino G, Conconi MT. Short bowel syndrome: experimental 

approach to increase intestinal surface in rats by gastric homologous acellular matrix. J Pediatr Surg. 

2000 Sep; 35(9): 1304-8. 

  

62. Marzaro M, Conconi MT, Perin L, Giuliani S, Gamba P, De Coppi P, Perrino GP, Parnigotto PP, 

Nussdorfer GG. Autologous satellite cell seeding improves in vivo biocompatibility of homologous 

muscle acellular matrix implants. Int J Mol Med. 2002 Aug; 10(2): 177-82.  

 

 



 

 

 

63. Bader A, Schilling T, Teebken OE, Brandes G, Herden T, Steinhoff G, Haverich A. Tissue engineering 

of heart valves: human endothelial cell seeding of detergent acellularized porcine valves. Eur J 

Cardiothorac Surg. 1998 Sep; 14(3): 279-84. 

  

64. Steinhoff G, Stock U, Karim N, Mertsching H, Timke A, Meliss RR, Pethig K, Haverich A, Bader A. 

Tissue engineering of pulmonary heart valves on allogenic acellular matrix conduits: in vivo restoration 

of valve tissue. Circulation. 2000 Nov 7; 102(19 Suppl 3): III50-5.  

65. Bieback K, Kern S, Kluter H, Eichler H. Critical parameters for the isolation of mesenchymal stem 

cells from umbilical cord blood. Stem Cells. 2004; 22(4): 625-34.  

 

66. Fauza D. Amniotic fluid and placental stem cells. Best Pract Res Clin Obstet Gynaecol. 2004 Dec; 

18(6): 877-91. 

 

67. Pilichos C, PerreaD, Demonakou M, Preza A, Donta I. Management of carbon tetrachloride-induced 

acute liver injury in rats by syngeneic hepatocyte transplantation in spleen and peritoneal cavity. World 

J Gastroenterol. 2004 Jul 15; 10(14): 2099-102. 

 

68. Nakahira K, Takahashi T, Shimizu H, Maeshima K, Uehara K, Fujii H, Nakatsuka H, Yokoyama M, 

Akagi R, Morita K. Protective role of heme oxygenase-1 induction in carbon tetrachloride-induced 

hepatotoxicity. Biochem Pharmacol. 2003 Sep 15; 66(6): 1091-105. 

 

69. Sigala F, Kostopanagiotou G, Andreadou I, Kavatzas N, Felekouras E, Sigalas P, Bastounis E, 

Papalambros E. Histological and lipid peroxidation changes after administration of 2-

acetylaminofluorene in a rat liver injury model following selective periportal and pericentral damage. 

Toxicology. 2004 Mar 1; 196(1-2): 155-63. 

 

70. Ali H, Jurga M, Kurgonaite K, Forraz N, McGuckin C. Defined serum-free culturing conditions for 

neural tissue engineering of human cord blood stem cells.  

 

71. Inhibition of cancer cell proliferation by designed peptide amphiphiles.Aulisa L, Forraz N, McGuckin 

C, Hartgerink JD. 

 

72. Umbilical cord blood stem cells--an ethical source for regenerative medicine. 

McGuckin CP, Forraz N. Med Law. 2008 Mar;27(1):147-65. 

 

73.Culture of embryonic-like stem cells from human umbilical cord blood and onward differentiation to 

neural cells in vitro. McGuckin C, Jurga M, Ali H, Strbad M, Forraz N.Nat Protoc. 2008;3(6):1046-55. 

PMID: 18536651  

 

74. Embryonic-like stem cells from umbilical cord blood and potential for neural modeling. McGuckin C, 

Forraz N, Baradez MO, Basford C, Dickinson AM, Navran S, Hartgerink JD. Acta Neurobiol Exp (Wars). 

2006;66(4):321-9. Review. 

                  

 

 

www.cryo-save.com 

 

 


