
Submit Manuscript | http://medcraveonline.com

alterations in methylation of genes,6–8 but also changes in structure 
of chromosomes9–11 can be envisaged as critical for the cloned 
offspring. A number of researchers in the cloning field have pointed 
out that the short period of time for somatic donor cell nuclei to 
be properly reprogrammed in the cytoplasm of recipient oocytes 
may not be sufficient enough to initiate and sustain normal clonal 
embryogenesis.12–14 Also, the volume ratio of karyoplast (from the 
donor cell) and cytoplast (from the enucleated oocyte) in SCNT 
procedures has shown to affect the developmental potential of cloned 
embryos.15 In addition, cloning efficiency can be influenced by cell-
cycle heterogeneity of the cultured somatic cells and may be improved 
by increasing cell-cycle uniformity for somatic donor cells used in 
SCNT.16–18 

For future advancements in reproductive cloning, it will be 
important to further increase our experience and knowledge about how 
to rejuvenate and reprogram human adult cells by modern molecular 
and cellular biotechnology.19 In this context, we have started a novel 
approach using two different types of adult human cells (granulosa 
cells from female patients enrolled in IVF programs and fibroblast 
cells from infertile male patients) for SCNT into enucleated bovine 
oocytes.20,21 Development of such a cloning biological model enables 
us to utilize it as a bioassay to test and compare the efficiency of 
different human adult somatic cells for their ability to promote 
embryonic development via interspecies SCNT. 

In several attempts, we have documented and proven via PCR 
analysis and DNA sequencing that fibroblast cells from azoospermic 
patients when fused with enucleated bovine oocytes could promote 
development of interspecies embryos.21 In the current report, we 
have summarized our interspecies SCNT using fibroblast cells from 
four azoospermic patients devoid of germ cells. In parallel but not 
concurrently, we have carried out human SCNT utilizing these 
cultured fibroblasts and oocytes from the infertile patients’ wives in 
order to create human cloned embryos for reproductive purposes. 
We recently reported on the first transfer of a cloned human embryo, 
using fibroblast cells from an azoospermic patient for SCNT as a 
possible modality for treatment of severe male infertility.22 Via our 

various efforts we have described and documented our continuous 
efforts of transferring cloned human embryos in-utero for the purpose 
of establishing a cloned pregnancy and the birth of the first healthy 
cloned baby. 

It attempting to do just that we have found out that during the past 
years, several interspecies bioassays have been developed to test the 
embryonic potential of various adult cells. Bovine oocytes have been 
successfully employed in interspecies SCNT to test adult cells from 
pig, sheep, rat and rhesus monkey for their embryonic potential in-
vitro.23 Karyotyping results and molecular data using PCR and DNA 
technology have been published on interspecies embryos that were 
derived from SCNT using adult human cord fibroblast cells fused with 
enucleated bovine oocytes.24 

We have employed such interspecies bioassays to test the 
embryonic in-vitro potential of human adult fibroblast cells from 
infertile male patients via SCNT in the bovine system. Our results 
have shown that these somatic cells are able to promote development 
leading to interspecies embryos.21 We have also shown via PCR 
amplification and DNA sequencing that these interspecies embryos 
created via SCNT contained human genomic and mitochondrial (mt) 
DNA which was identical to the human donor cell source. In addition, 
these interspecies SCNT embryos contained bovine mtDNA of oocyte 
origin. Heteroplasmy of mtDNA has been revealed in cloned animals 
and has been discussed in the context of possible implications for the 
cloned offspring.25,26 

Furthermore, we have examined the embryonic potential of 
fibroblast cells derived from another infertile male patient suffering 
from azoospermia and cryptorchidism using the bovine bioassay 
model.22 From the resulting interspecies embryos, PCR amplification 
and DNA sequencing unequivocally documented that these embryos 
were composed of the human genomic DNA specific for the patient’s 
fibroblast donor cell source and contained both human and bovine 
mtDNA. Due to these previous extensive and positive investigations 
and results on interspecies SCNT embryos,21,22 We have established 
very clearly that such elaborate molecular analysis was not essential 
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Introduction
It is well established that a variety of adult cell types have been 

successfully employed for somatic cell nuclear transfer (SCNT) in 
farm animal cloning technology.1,2 So far, follicular granulosa cells 
and skin fibroblast cells have been most efficiently and extensively 
utilized as cell donor source in reproductive cloning.3,4 Despite 
of multiple attempts and worldwide efforts to improve the cloning 
efficiency for live-born progeny, the success rates for obtaining 
mammalian clones from adult somatic cells employed for SCNT 
remain still limited.5

Several risk factors for reproductive cloning in animals that may 
be responsible for the rather low survival rates have been discussed 
and proposed for further investigations. Not only epigenetic 
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and necessary and, therefore, has not been included in the present 
clinical report.

With regards to human SCNT, it was recently reported that human 
oocytes were only promoting optimal development when they were 
enucleated and further processed for SCNT within 1hr post-retrieval.27 
Furthermore, when using failed fertilized oocytes from IVF programs 
about 24hrs post-retrieval, they were not able to initiate proper and 
regular embryonic development and therefore, turned out to be 
inefficient for SCNT purposes.28 It therefore seems crucial to utilize 
mature human oocytes rather quickly after retrieval for successful 
SCNT. We have also established that immature oocytes, on the other 
hand, need further culture for maturation to metaphase II (polar body 
extrusion) before their use in SCNT (unpublished data). 

In 2003, the creation of the first human cloned embryo for 
reproductive purposes was reported using human enucleated eggs 
and heterologous human granulosa cells for SCNT.29 In 2006, we 
published results on the first intrauterine transfer of a human SCNT-
derived embryo but without achieving a pregnancy. In our most recent 
efforts, fibroblast cells from an infertile male devoid of germ cells 
were employed for successful SCNT.22 Concerning these attempts and 
future developments in the field of reproductive cloning, it was stated 
that a wide perspective must be maintained on this type of work.30 In 
the context of ethical and medical considerations, critical safety issues 
concerning risk factors for malformations have also been emphasized 
for human cloning.31,32 

In a more recent clinical report, we have presented and summarized 
further evidence for our attempts in creating SCNT human embryos 
for intrauterine transfer.33 Even though no pregnancies were 
established in the four attempted cases so far, we have shown that 
human reproduction via SCNT and the creation and transfer of human 
cloned embryos may eventually be applicable in the future for patients 
that suffer from severe infertility and may have no other viable 
alternative options for procreating their own biological offspring. The 
World recognizes that human reproductive cloning is another form of 
assisted reproductive technology that would be carried out with the 
goal of creating a human being. It has been and remains the subject of 
much debate around the world, involving a variety of ethical, religious, 
societal, scientific, and medical issues. However, it is the intend of this 
team’s objective to addresses only the scientific and medical aspects 
of human reproductive cloning. Consideration of the medical aspects 
has required for this team to examine issues of scientific conduct and 
human-subjects protection. But we have not attempted to address the 
issue of whether producing a new individual by reproductive cloning 
and use of SCNT technology, if it were found to be scientifically safe, 
would or would not be acceptable to individuals or society. Instead, 
this team defers to others on the fundamental ethical, religious, and 
societal questions, and only focuses on the scientific and medical 
aspects and to inform the broader debate.

Acknowledgements
None.

Conflict of interest
The author declares no conflict of interest.

References
1. Wilmut I, Schnieke AE, McWhir J, et al. Viable offspring derived from 

fetal and adult mammalian cells. Nature. 1997;385(6619):810–813. 

2. Kato Y, Tani T, Tsunoda Y. Cloning of calves from various somatic cell 
types of male and female adult, newborn and fetal cows. J Reprod Fertil. 
2000;120(2):231–237.

3. Wells DN, Misica PM, Tervit HR. Production of cloned calves following 
nuclear transfer with cultured adult mural granulosa cells. Biol Reprod. 
1999;60(4):996–1005.

4. Kubota C, Yamakuchi H, Todoroki J, et al. Six cloned calves produced 
from adult fibroblast cells after long term culture. Proc Natl Acad Sci 
USA. 2000;97(3):990–995.

5. Illmensee K. cloning in reproductive medicine. J Assist Reprod Genet. 
2001;18(8):451–467.

6. Young LE, Fernandes K, McEvoy TG, et al. Epigenetic change in IGF2R 
is associated with fetal overgrowth after sheep embryo culture. Nat Ge-
net. 2001;27(2):153–154.

7. Shi W, Zakhartchenko V, Wolf E. Epigenetic reprogramming in mamma-
lian nuclear transfer. Differentiation. 2003;71(2):91–113.

8. Santos F, Dean W. Epigenetic reprogramming during early development 
in mammals. Reproduction. 2004;127(6):643–651.

9. Betts D, Bordignon V, Hill J, et al. Reprogramming of telomerase activity 
and rebuilding of telomere length in cloned cattle. Proc NatI Acad Sci 
USA. 2001;98(3):1077–1082.

10. Tani T, Kato Y, Tsunoda Y. Direct exposure of chromosomes to nonacti-
vated ovum cytoplasm is effective for bovine somatic cell nucleus repro-
gramming. Biol Reprod. 2001;64(1):324–330.

11. Wade PA, Kikyo N. Chromatin remodeling in nuclear cloning. Eur J Bio-
chem. 2002;269(9):2284–2287.

12. Fulka J Jr, First NL, Moor RM. Nuclear transplantation in mammals: 
remodelling of transplanted nuclei under the influence of maturation pro-
moting factor. Bioessays. 1996;18(10):835–840.

13. Bourc’his D, Le Bourhis D, Patin D, et al. Delayed and incomplete re-
programming of chromosome methylation patterns in bovine cloned em-
bryos. Curr Biol. 2001;11(19):1542–1546.

14. Du F, Sung LY, Tian XC, et al. Differential cytoplast requirement for 
embryonic and somatic cell nuclear transfer in cattle. Mol Reprod Dev. 
2002;63(2):183–191.

15. Zakartchenko V, Stojkovic M, Brem G, et al. Karyoplast-cytoplast vo-
lume ratio in bovine nuclear transfer embryos: effect on developmental 
potential. Mol Reprod Dev. 1997;48(3):332–338.

16. Liu L, Dai Y, Moor RM. Nuclear transfer in sheep embryos: the effect 
of cell-cycle coordination between nucleus and cytoplasm and the use of 
in-vitro matured oocytes. Mol Reprod Dev. 1997;47(3):255–264.

17. Miyoshi K, Rzucidlo SJ, Pratt SL, et al. Improvements in cloning effi-
ciencies may be possible by increasing uniformity in recipient oocytes 
and donor cells. Biol Reprod. 2002;68(4):1079–1086.

18. Wells DN, Laible G, Tucker FC, et al. Coordination between donor cell 
type and cell cycle stage improves nuclear cloning efficiency in cattle. 
Theriogenology. 2003;59(1):45–59. 

19. Illmensee K. Biotechnology in reproductive medicine. Differentiation. 
2002;69(4-5):167–173.

20. Zavos PM, Illmensee K. Development of bioassays using the bovi-
ne model to measure the efficiency of SCNT in humans. Fertil Steril. 
2003;80(Suppl 3):19–20.

21. Illmensee K, Levanduski M, Zavos PM. Development of embryo inter-
species bioassay using the bovine oocyte model to evaluate the embry-
onic capacities of human adult somatic cells. Fertil Steril. 2006;85(Sup 
1):1248–1260. 

https://doi.org/10.15406/mojwh.2015.01.00004
http://www.ncbi.nlm.nih.gov/pubmed/9039911
http://www.ncbi.nlm.nih.gov/pubmed/9039911
http://www.ncbi.nlm.nih.gov/pubmed/11058438
http://www.ncbi.nlm.nih.gov/pubmed/11058438
http://www.ncbi.nlm.nih.gov/pubmed/11058438
http://www.ncbi.nlm.nih.gov/pubmed/10084977
http://www.ncbi.nlm.nih.gov/pubmed/10084977
http://www.ncbi.nlm.nih.gov/pubmed/10084977
http://www.ncbi.nlm.nih.gov/pubmed/10655472
http://www.ncbi.nlm.nih.gov/pubmed/10655472
http://www.ncbi.nlm.nih.gov/pubmed/10655472
http://www.ncbi.nlm.nih.gov/pubmed/11599466
http://www.ncbi.nlm.nih.gov/pubmed/11599466
http://www.ncbi.nlm.nih.gov/pubmed/11175780
http://www.ncbi.nlm.nih.gov/pubmed/11175780
http://www.ncbi.nlm.nih.gov/pubmed/11175780
http://www.ncbi.nlm.nih.gov/pubmed/12641564
http://www.ncbi.nlm.nih.gov/pubmed/12641564
http://www.ncbi.nlm.nih.gov/pubmed/15175501
http://www.ncbi.nlm.nih.gov/pubmed/15175501
http://www.ncbi.nlm.nih.gov/pubmed/11158597
http://www.ncbi.nlm.nih.gov/pubmed/11158597
http://www.ncbi.nlm.nih.gov/pubmed/11158597
http://www.ncbi.nlm.nih.gov/pubmed/11133690
http://www.ncbi.nlm.nih.gov/pubmed/11133690
http://www.ncbi.nlm.nih.gov/pubmed/11133690
http://www.ncbi.nlm.nih.gov/pubmed/11985609
http://www.ncbi.nlm.nih.gov/pubmed/11985609
http://www.ncbi.nlm.nih.gov/pubmed/8885721
http://www.ncbi.nlm.nih.gov/pubmed/8885721
http://www.ncbi.nlm.nih.gov/pubmed/8885721
http://www.ncbi.nlm.nih.gov/pubmed/11591324
http://www.ncbi.nlm.nih.gov/pubmed/11591324
http://www.ncbi.nlm.nih.gov/pubmed/11591324
http://www.ncbi.nlm.nih.gov/pubmed/12203828
http://www.ncbi.nlm.nih.gov/pubmed/12203828
http://www.ncbi.nlm.nih.gov/pubmed/12203828
http://www.ncbi.nlm.nih.gov/pubmed/9322244
http://www.ncbi.nlm.nih.gov/pubmed/9322244
http://www.ncbi.nlm.nih.gov/pubmed/9322244
http://www.ncbi.nlm.nih.gov/pubmed/9170105
http://www.ncbi.nlm.nih.gov/pubmed/9170105
http://www.ncbi.nlm.nih.gov/pubmed/9170105
http://www.ncbi.nlm.nih.gov/pubmed/12606466
http://www.ncbi.nlm.nih.gov/pubmed/12606466
http://www.ncbi.nlm.nih.gov/pubmed/12606466
http://www.ncbi.nlm.nih.gov/pubmed/12499017
http://www.ncbi.nlm.nih.gov/pubmed/12499017
http://www.ncbi.nlm.nih.gov/pubmed/12499017
http://www.ncbi.nlm.nih.gov/pubmed/11841472
http://www.ncbi.nlm.nih.gov/pubmed/11841472
http://www.fertstert.org/article/S0015-0282%2803%2901853-3/abstract
http://www.fertstert.org/article/S0015-0282%2803%2901853-3/abstract
http://www.fertstert.org/article/S0015-0282%2803%2901853-3/abstract


The Future of human cloning: can human embryos resulting from somatic cell nuclear transfers (SCNT) 
be used to treat human infertility?

14
Copyright:

©2015 Zavos.

Citation: Zavos PM. The Future of human cloning: can human embryos resulting from somatic cell nuclear transfers (SCNT) be used to treat human infertility? 
MOJ Womens Health. 2015;1(1):12‒14. DOI: 10.15406/mojwh.2015.01.00004

22. Zavos PM, Illmensee K. Possible therapy of male infertility by re-
productive cloning: one cloned human 4-cell embryo. Arch Androl. 
2006;52(4):243–254.  

23. Dominko T, Mitalipova M, Haley B, et al. Bovine oocyte cytoplasm 
supports development of embryos produced by nuclear transfer of 
somatic cell nuclei from various mammalian species. Biol Reprod. 
1999;60(6):1496–1502.

24. Chang KH, Lim JM, Kang SK, et al. Blastocyst formation, karyotype, 
and mitochondrial DNA of interspecies embryos derived from nuclear 
transfer of human cord fibroblasts into enucleated bovine oocytes. Fertil 
Steril. 2003;80(6):1380–1387.

25. Takeda K, Akagi S, Kaneyama K, et al. Proliferation of donor mitochon-
drial DNA in nuclear transfer calves (Bos taurus) derived from cumulus 
cells. Mol Reprod Dev. 2003;64(4):429–437.

26. St John JC, Lloyd RE, Bowles EJ, et al. The consequences of nuclear 
transfer for mammalian development and offspring survival: A mitochon-
drial DNA perspective. Reproduction. 2004;127(6):631–641.

27. Stojkovic M, Stojkovic P, Leary C, et al. Derivation of a human blasto-
cyst after heterologous nuclear transfer to donated oocytes. Reprod Bio-
Med Online. 2005;11(2):226–231. 

28. Lavoir MC, Weier J, Conaghan J, et al. Poor development of human nu-
clear transfer embryos using failed fertilized oocytes. Reprod BioMed 
Online. 2005;11(6):740–744.

29. Zavos PM. Human reproductive cloning: The time is near. Reprod Bio-
Med Online. 2003;6(4):397–399.

30. Edwards RG. Human reproductive cloning a step nearer. Reprod BioMed 
Online. 2003;6(4):399–400.

31. Rhind SM, Taylor JE, De Sousa PA, et al. Human cloning: Can it be made 
safe? Nature Rev Genet. 2003;4(11):855–864.

32. Latham KE. Cloning: questions answered and unsolved. Differentiation. 
2004;72(1):11–22.

33. Zavos PM, Illmensee K. Human embryo cloning via SCNT with adult 
fibroblast cells. BIO Index. 2008;27:58–63.

https://doi.org/10.15406/mojwh.2015.01.00004
http://www.ncbi.nlm.nih.gov/pubmed/16728339
http://www.ncbi.nlm.nih.gov/pubmed/16728339
http://www.ncbi.nlm.nih.gov/pubmed/16728339
http://www.ncbi.nlm.nih.gov/pubmed/10330111
http://www.ncbi.nlm.nih.gov/pubmed/10330111
http://www.ncbi.nlm.nih.gov/pubmed/10330111
http://www.ncbi.nlm.nih.gov/pubmed/10330111
http://www.ncbi.nlm.nih.gov/pubmed/14667873
http://www.ncbi.nlm.nih.gov/pubmed/14667873
http://www.ncbi.nlm.nih.gov/pubmed/14667873
http://www.ncbi.nlm.nih.gov/pubmed/14667873
http://www.ncbi.nlm.nih.gov/pubmed/12589655
http://www.ncbi.nlm.nih.gov/pubmed/12589655
http://www.ncbi.nlm.nih.gov/pubmed/12589655
http://www.ncbi.nlm.nih.gov/pubmed/15175500
http://www.ncbi.nlm.nih.gov/pubmed/15175500
http://www.ncbi.nlm.nih.gov/pubmed/15175500
http://www.ncbi.nlm.nih.gov/pubmed/16168222
http://www.ncbi.nlm.nih.gov/pubmed/16168222
http://www.ncbi.nlm.nih.gov/pubmed/16168222
http://www.ncbi.nlm.nih.gov/pubmed/16417739
http://www.ncbi.nlm.nih.gov/pubmed/16417739
http://www.ncbi.nlm.nih.gov/pubmed/16417739
http://www.ncbi.nlm.nih.gov/pubmed/12831577
http://www.ncbi.nlm.nih.gov/pubmed/12831577
http://www.ncbi.nlm.nih.gov/pubmed/12831579
http://www.ncbi.nlm.nih.gov/pubmed/12831579
http://www.ncbi.nlm.nih.gov/pubmed/14634633
http://www.ncbi.nlm.nih.gov/pubmed/14634633
http://www.ncbi.nlm.nih.gov/pubmed/15008822
http://www.ncbi.nlm.nih.gov/pubmed/15008822

	Title
	Introduction
	Acknowledgements
	Conflict of interest
	References

