Reproductive and
therapeutic cloning:
what are the perspectives
for medicine?

Dr. Karl Illmensee
Department of Gynaecology and Obstetrics
University Hospital Innsbruck, Austria

Dr. Karl Illmensee

PAN Arab Medical Journal

Reproduction

In 1981 reproductive cloning in mam-
mals was first reported in rodents by cre-
ating adult mice via nuclear transfer
from cells of the inner cell mass of blas-
tocysts into enucleated egg cells (Ill-
mensee and Hoppe, 1981). In 1986
cloned sheep were obtained from
embryonic cell nuclei transferred into
enucleated oocytes, thus establishing
the cloning procedures for farm animals
(Willadsen, 1986). During the next 10
years, cloning technology has been fur-
ther developed and extended to pigs
(Pratheretal., 1989), goats (Zhangetal.,
1991), bovines (Sims et al., 1994) and
rhesus monkeys (Menget al., 1997), but
always using embryonic cells as nuclear
donors for cloning. In 1997 for the first
time, adult donor cells have been
employed, successfully cloning a sheep
by creating “Dolly” from an ewe's udder
cell nucleus (Wilmut et al., 1997). Sub-
sequently in 1998, eight calves were
cloned from adult cells of a single donor
animal (Kato et al., 1998). In 2000 for
the first time, cloned calves were pro-
duced from adult fibroblast cells after
their long-term culture in vitro (Kubota
et al., 2000). Several cloned calves of
female and male genotype have also
been generated from a variety of differ-
ent adult cell types (Kato et al., 2000).

Concerning primate cloning with adult
somatic donor cells, and particularly rel-
evant for the rhesus monkey model,
American researchers have recently
reported the failure to obtain pregnancy
from cloned embryos. From their obser-
vations they concluded that primate NT
(nuclear transfer) appears to be chal-
lenged by stricter molecular require-
ments for mitotic spindle assembly than
in other mammals" (Simerly et al.,
2003). Since there is no further detailed
information on plausible intrinsic fac-
tors responsible for these negative find-
ings on rhesus monkey cloning, reason-
able conclusions should not be currently
drawn and extrapolated to other pri-
mates.

For future applications in reproductive
cloning it will be important to advance
further in our understanding of how to
rejuvenate and reprogram human adult
cells by modern molecular bioengineer-
ing. In this context, we have recently
started a novel approach using adult
human ovarian granulosa cells and skin
fibroblasts for somatic cell nuclear trans-
fer (SCNT) into enucleated bovine
oocytes to test and extend the efficiency
of interspecies-specific SCNT with the
aim to establish a series of bioassays for
different types of human nuclear donor
cells. The bovine oocyte is an excellent
and highly efficient model as it provides
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adequate parameters for SCNT (Wells et
al., 1999). Our first results point out that
SCNT with enucleated bovine oocytes
and somatic human cells are feasible and
can yield appreciable success rates. With
this interspecies-specific bioassay we
present our first attempts to reveal the
embryonic capacity of nuclei from adult
human cells (Illmensee et al., 2004).
Such bioassays will enable us to prima-
rily examine, evaluate and explore the
potential  development
human adult somatic cells in their use-

of various

fulness as nuclear donor cells for repro-
ductive and therapeutic cloning,

The current success rates (between 1 to
8 %) for obtaining adult mammalian
clones derived from adult cells for
nuclear donor transfer remain rather
limited. Several major obstacles, which
may contribute to a low success rate in
reproductive cloning, are under intense
scientific analysis. Some of the key
investigations are focusing on nucleocy-
toplasmic interactions and reprogram-
ming of the transferred somatic cell
nucleus by the cytoplasm of the recipi-
ent oocyte (Fulka et al., 1996), chro-
matin remodelling of the somatic
nucleus by oocyte factors (Wade and
Kikyo, 2002), rebuilding of telomere
length of somatic chromosomes (Betts et
al.,, 2001) or cell-cycle co-ordination
between nucleus and cytoplasm during
the cloning procedure (Liu et al., 1997).
Research has also focused on paossible
biological effects of mitochondrial con-
tributions from both cell types to cloned
mammals. In sheep, mtDNA could be
detected in cloned offspring only from
the recipient oocyte type but not from
the donor cell type, leading to mito-
chondrial homoplasmy (Evans et al.,
1999). In cattle, on the other hand,
donor cell-specific mtDNA  contribu-
tions between 0,4 to 4% were found in
healthy cloned calves, demonstrating
that mitochondrial heteroplasmy does
not necessarily prevent normal clonal
development (Steinborn et al., 2000). In
arecent study using adult cumulus cells
as nuclear donors, some cloned calves
exhibited considerable mitochondrial
heteroplasmy with 4 to 60% mtDNA

from the donor-cell type (Takeda et al.,
2003).

Livestock, culture conditions have pro-
foundly shown the influence of the
development of normal (IVF)
cloned embryos during growth in vitro.
After their intrauterine transfer some of

and

them developed into large-sized fetuses
giving rise to large offspring (Behboodi
et al., 1995; Wilson et al., 1995). This
LO syndrome (Young et al., 1998), as
well as other organic anomalies and
postnatal malformations, have turned
out to be of major concern for farm ani-

Cloning efficiency
in goats and cattle
can be improved by
exposing the donor
nucleus from
blastomeres of a
cloned embryo
again to the
oocytoplasm during
a second recloning
step

mals IVF and cloning (Hyttel et al.,
2000).  Scottish
reported that sheep fetuses with the LO
syndrome when compared to normal

researchers  have

fetuses express a low level of IGFZR, a
multifunctional protein that amongst
other functional tasks is involved in fetal
organogenesis. This protein under-
expression is concomitantly associated
with reduced methylation of the corre-
sponding gene locus (Young et al.,
2001). It has been argued that an epige-
netic change in methylation (so-called
genomic imprinting) is responsible for
the observed developmental defects and
might be causally influenced by the cul-
tural conditions in vitro. American
researchers have recently shown that in
artiodactyls (i.e. sheep, goat, cattle, pig)
only the maternally inherited allele for

the IGFZR gene locus is expressed,
whereas in primates both paternal alle-
les remain active, most likely as a result
of evolutionary processes (Killian et al.,
2001). Such species-specific differences
in genomic imprinting may explain, to
some extent, the observed differences in
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Figure 1

embryo culture between artiodactyls
and primates. Whereas in farm animals
a large proportion of in vitro- cultured
embryos (irrespective of IVE- or clon-
ally- derived) develop into abnormal
fetuses and offspring, an elevated per-
centage of malformations has never
been observed world-wide in human
assisted reproduction - neither in IVF
nor ICSI - when compared to normal
conception. Several risk factors for
reproductive cloning have been dis-
cussed and proposed for intensive inves-
tigations (Illmensee, 2001a). Not only
epigenetic alterations in methylation of
genes, but also point mutations and
changes in structure of chromosomes
can be envisaged as critical (Santosetal.,
2003). Another issue of concern for
reproductive cloning pointed out that
the short period of time for the somatic
donor cell nucleus to be reprogrammed
properly in the recipient oocytoplasm
may not be sufficient to initiate and
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enable normal embryogenesis. Cloning
efficiency in goats and cattle can be
improved by exposing the donor
nucleus from blastomeres of a cloned
embryo again to the oocytoplasm during
asecond recloning step, thus prolongat-
ing the exposure time for genomic
remodelling (Zhang and Li, 1998
Zakartchenko et al., 1999).

Whether such biotechnology (Fig 1) will
be successfully applied to human repro-
duction depends on scientific progress
and acceptance  (Illmensee,
2001b). A recent opinion poll among

social

medical practitioners and members of
APART
assisted reproductive technology cen-
ters) has revealed that three quarters of
them would be willing to provide human
cloning for patients in clinically indi-

(international ~ association of

cated cases (Katayama, 2001). Recently,
Zavos and co-workers obtained ahuman
SCNT embryo originating from electric
fusion of an enucleated human oocyte
with an adult ovarian granulosa cell from
a donor. This cloned embryo has devel-
oped to the 8- to 10-cell stage and has
been subsequently cryopreserved for
future purposes (Zavos, 2003). Recently;
during a press conference in London,
Zavos has announced the first transfer in
utero of a cloned human embryo (Lau-
rance, 2004). Currently, reproductive
cloning has again sparked a world-wide
emotional dispute for and against its
application in medicine.

Therapeutics

A few years ago, American and Aus-
tralian researchers successfully man-
aged to culture embryonic cells from 5
to 6 days-old human preimplantation
embryos and primordial germ cells from
5 to 9 weeks-old human embryos in
suitable nutritional media (Thomson et
al., 1998: Shamblott et al., 1998).
Embryonic stem (ES) cells and primor-
dial germ (PG) cells remain diploid and
maintain their embryonic and prolifera-
tive characteristics over many cell divi-
sions in culture. ES cells are derived
from the inner cell mass (ICM) of cul-
tured human blastocysts produced by in
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vitro fertilization for clinical purposes in
assisted reproduction and donated by
patients. Human ES cell lines can be
established by electing and expanding
individual ICM colonies of uniform and
undifferentiated morphology.

Human embryo-derived ES cells may be
employed for future therapeutic pur-
poses to reconstitute or repair defective
organ systems since they are capable of
differentiating into a variety of tissues
and possess alarge regenerative potential
(Asahara et al., 2000). Therapeutic
cloning, with the aid of assisted repro-
ductive technologies for the extraction
and expansion of human ES cells, will
open up novel and quite controversial
applications for transplantation medi-
cine. Therapeutic cloning may be per-
formed by utilizing donated preimplan-
tation embryos from IVF and ICSI pro-
grammes or by creating cloned embryos
via nuclear transfer from patients'
somatic cells into enucleated oocytes
(Fig 2). The latter concept would offer a
unique opportunity to establish patient-
specific stem cells for regenerative ther-
apy. In future applications it may also be
envisaged that early embryo, after split-
ting them into twin embryos, will pro-
vide a unique opportunity to implant
one embryo in utero and to establish and
cryopreserve stem cells from the
monozygotic twin embryo. Should there
be a successful pregnancy givingrise to a
child, it may profit in the future from its
own cryopreserved genetically embry-
onic stem cells (Illmensee, 2001b).

In a public intensified press release,
Cibelli and co-workers reported somatic
cell nuclear transfer (SCNT) in humans
in the context of future therapeutic
cloning. Using fibroblasts and cumulus
cells as nuclear donor types, they
obtained two abnormal embryos that
have already stopped development
respectively at the 4-cell and 6-cell stage
(Cibelli et al., 2001). However, at this
early embryonic stage, stem cells can not
yet be isolated under current biotech-
nology. Embryos have to be capable of
developing in order to advance pre-
implantation stages, which is necessary
prerequisite for stem cell isolation.
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Figure 2

Recently, Korean researchers have pub-
lished strong evidence for establishing
human ES cells derived from a cloned
human blastocyst (Hwang et al., 2004).
Analogously, Chinese researchers have
recently reported successful SCNT
using enucleated rabbit oocytes fused
with human adult fibroblast cells. From
the developing cloned embryos they
have established in vitro cultures of
interspecies-derived ES cells (Chen et
al., 2003). Such interspecies embryos
may serve as a potential source for stem
cell research in therapeutic cloning.
Future extensive investigations will be
required to discover the embryonic
capacity of human adult somatic cells
and their ability to create embryonic
stem cells via cloning for therapeutic
purposes.

With respect to human therapeutic
cloning by means of developing cloned
embryos in assisted reproduction, a
novel discipline of biotechnology, dedi-
cated to stem cell therapy in regenerative
medicine for a variety of human dis-
eases, will emerge for the benefit of
patients’ health. For the future, our soci-
ety will have to set up the proper scien-
tific, legal and ethical rules concerning
human cloning with its multiple appli-
cations in medicine.

49



THERAPEUTIC CLONING

50

REFERENCES

1. Asahara T, Kalka C., Isner JM.: Mi. (2000) Stem cells therapy and gene transfer for regeneration. Gene Therapy 7: 451-457

2. Behboodi E., Anderson GB., BonDurant RH. et al. (1995) Birth of large calves that developed from in vitro-derived bovine embryos. Theriogenology
44: 227-232.

3 Betts DH., Bordignon V., Hill JR. et al. (2001) Reprogramming of telomerase activity and rebuilding of telomere length in doned cattle. PNAS 98
(3): 1077-1082.

4 ChenY HeZX LiuA, et al. (2003) embryonic stem cells generated by nudlear transfer of human somatic nuclei into rabbit cocytes. Cell Res
Online; 13:251-264

5 Cibelli JB,, Kiessling AA., Cunniff K. et al.(2001). Somatic cell nuclear transfer in humans: pronuclear and early embryonic development. J Regen
Med 2 (e-biomed, Nov: 26, 2001).

6 EvansM]J, Gurer C., Loike JD. (1999) Mitochondrial DNA genotypes in nuclear transfer-derived doned sheep. Nature Genetics; 23: 90-93

7. Fulka JJz, First NL., Moor RM. (1996) Nuclear transplantation in mammals; remodelling of transplanted nuclei under the influence of maturation
promoting factor: Bioessays 18: 835-840.

8 Hwang WS., Ryu Y], Park JH. et al. (2004) Evidence of a pluritpotent human embryonic stem cell line derived from a doned blastocyst. Published
online February 12 2004; 10.1126/science. 1094515 (Science Express Report)

9. Hyttel P, Viuff D., Laurincik J, Schmidt M. et al. (2000) Risks of in vitro production of cattle and swine embryos: aberrations in chromonsome
numbers, ribosomal RNA gene activation and perinatal physiology: Hum Reprod 15 (Suppl 5): 87-97.

10. Tllmensee K., Hoppe PC. (1981) Nuclear transplantation in Mus musculus: developmental potential of nuclei from preimplantation embryos. Cell
23918

11. Illmensee K. (2001) Cloning and risk factors. J Assist Reprod Genetics 18 (8): 477

12 Illmensee K. (2001) Cloning in reproductive medicine. J Assist Reprod Genetics 18 (8): 451-467

13 Illmensee K., Pfeiffer L, Brenig B., Levanduski M., Zavos EM. (2004) Development of an interspecies-specific bioassay using the bovine oocyte
model to evaluate the potential of SCNT in humans. J Assist Reprod Genetics (in press)

14. Katayama A. (2001) Human reproductive cloning and related techniques: an overview of the legal environment and practitioners attitudes. J Assist
Reprod Genetics 18 (8): 442

15. Kato Y, Tani T, Sotomaru Y. et al. (1998) Eight calves cloned from somatic cells of a single adult. Science 282: 2095-2098.

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

17. Killian K., Nolan CM., Wylie A. et al. (2001) Divergent evolution in MEP/AGFZR imprinting from the Jurassic to the Quaternary. Hum Mol Genet-
ics 10 (17): 1721-1728,

18 Kubota C., Yamakuchi H., Todoroki J. et al. (2000) Six dloned calves produced from adult fibroblast cells after long-term culture. PNAS 97 (3):
990-995.

19. Laurance J. (2004) Woman is carrying first cloned embryo. The Independent, January 18th: 1-2.

20. LiuL, Dai Y, Moore RM. (1997) Nudlear transfer in sheep embryos: the effect of cell-cyde coordination between nucleus and cytoplasm and the use
of in vitro matured oocytes. Mol Reprod Dev 47: 255-264.

21. MengL., Ely II., Stouffer RL., Wolf DP(1997) Rhesus monkeys produced by nuclear transfer. Biol Reprod 57: 454-459.

22. Prather RS., Sims MM, First NL.(1989) Nudear transplantation in early pig embryos. Biol Reprod 41:414-418

23 Santos E, Zakhartchenko V., Stojkovic M. et al. (2003) Epigenic marking correlates with developmental potential in cloned bovine preimplantation
embryos. Curr Biol 13:1116-1121.

24. Shamblott MJ, Axelman J, Wang S. et al. (1998) Derivation of pluripotent stem cells from cultured human primordial germ cells. Proc. Natl.
Acad. Sci. USA 95: 13726-31.

25. Simerly C., Dominko T, Navara C. et al. (2003) Molecular correlates of primate nuclear transfer failures. Science 300:297.

26. Sims M., First NI.(1994) Production of calves by transfer of nudlei from cultured inner cell mass cells. Proc Natl Acad Sci USA 91: 6143-6247.

27. Steinborn R., Schinogl P, Zakhartchenko V. et al. (2000) Mitochondrial DNA heteroplasmy in cloned cattle produced by fetal and adult cell cloning
Nat Genet 25 (3): 255-7.

28 Takeda K., Akagi S., Kaneyama K. et al. (2003) Proliferation of donor mitochondrial DNA in nuclear transfer calves (Bos taurus) derived from
cumulus cells. Mol Reprod Develop 64:429-437.

29. Thomson JA., Itskovitz-Eldor J., Shapiro SS. et al. (1998) Embryonic stem cell lines derive from human blastocysts. Science 282:1145-1147,

30. Wade PA., Kikyo N. (2002) Chromatin remodeling in nudear cloning Eur J Biochem 269: 2284-2287.

31. WellsDN., Misica PM., Tervit HR. (1999) Production of cloned calves following nuclear transfer with cultured adult mural granulosa cells. Biol
Reprod 60:996-1005.

32 Willadsen SM. (1986) Nuclear transplantation in sheep embryos. Nature 320: 63-65.

33 Wilmut L., Schnieke AE., McWhir J., Kind AJ., Campbell KHS. (1997) viable offspring derived from fetal and adult mammalian cells. Nature
385:810-813.

34. Wilson JM., Williams JD., Bondioli KR.(1995) Comparison of birth weight and growth characteristics of bovine calves produced by nuclear transfer
(cloning) , embryo transfer and natural mating Anim Reprod Sci 38: 73-83.

35. Young LE., Fernandes K., McEvoy TG., Butterwith SC., Gutierrez CG., Carolan C., Broadbent PJ., Robinson JI., Wilmut L., Sinclair KD. (2001)
Epigenic change in IGF IR is associated with fetal overgrowth after sheep embryo culture. Nat Genet 27: 153-154.

36. Young LE., Sinclair KD., Wilmut I. (1998) Large offspring syndrome in cattle and sheep. Rev Reprod 3: 155163,

37. Zakhartchenko V., Durcova-Hills G., Stojkovic M., Schernthaner W,, Prelle K., Steinborn R., Miiller M., Brem G., WoIf E. (1999) Effects of serum
starvation and recloning on the efficiency of nuclear transfer using bovine fetal fibroblasts. J Reprod Fertil 115: 325-331.

38 Zavos PM. (2003) Human reproductive cloning: the time is near. Reproductive BioMedicine Online 6: 397-398

39. Zhang Y, Wang J, Qian J, Hao Z.(1991) Nuclear transplantation in goat embryos. Sci Agric Sin 24: 1-6.

40. ZhangY, Li Y.(1998) Nudlear-cytoplasmic interaction and development of goat embryos reconstructed by nudear transplantation: Production of
goats by serially cloning embryos. Biol Reprod 58: 266-269.

PAN Arab Medical Journal



