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Minireview
Can mammalian cloning combined with embryonic stem cell
technologies be used to treat human diseases?
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Abstract

Cloning is commonly perceived as a means of generating genetically identical individuals, but it can also
be used to obtain genetically matched embryo-derived stem cells, which could potentially be used in
the treatment of patients. A recent report offers the first ‘proof of principle’ of such cloning for
therapeutic purposes, referred to as nuclear transplantation to produce stem cells for autologous
transplantation.
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Nuclear transfer and stem cells
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Box 1 

Definition of terms used 

Cloning A procedure that generates individuals with identical nuclear genomes

Nuclear transfer (NT) The transplantation of a nucleus derived from one cell into a second enucleated cell, usually
an oocyte

Nuclear reprogramming The epigenetic re-instruction of the nucleus to undertake an alternative genetic program,
usually a program of embryogenesis

Stem cells Cells that have the dual capacity to self-replicate and to differentiate into specialized 
derivatives

Nuclear transplantation to Derivation of stem cells from the product of the nuclear transfer procedure (usually the
produce stem cells blastocyst). Also referred to as therapeutic cloning, research cloning or non-reproductive 

cloning
Autologous Derived from the same individual (usually referring to stem cells cloned from an individual

to be used as donor cells for transplantation to that same individual)

Totipotent Able to give rise to all cells derived from the zygote (namely all fetal and extraembryonic
lineages)

Pluripotent Able to give rise to a wide variety of lineages but not all (usually all fetal and a subset of
extraembryonic lineages)

Chimera An animal generated from, and comprising, several genetically distinct populations of cells
derived from more than one individual
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Figure 1
A representation of the procedures used to produce autologous stem cells with a corrected genetic defect for the purpose of cell-based gene therapy in
adult animals, based on the experiments reported by Rideout et al. [29]. First (top), biopsy samples are obtained from a mutant animal. These are used to
establish primary cultures of somatic cells, which will provide donor nuclei. Donor oocytes, arrested at the metaphase II stage of meiosis, are enucleated,
and a somatic-cell-derived donor nucleus is transferred into an enucleated oocyte in a procedure known as nuclear transfer. The resulting nuclear-
transfer (NT) oocytes are activated and embryogenesis initiates. NT embryos are allowed to develop in vitro up to the blastocyst stage, the stage at which
mammalian embryos normally implant into the uterus. For embryonic development to continue, the blastocysts must be reintroduced into the uterus of
a (surrogate) female, where they will undergo embryogenesis and ultimately produce cloned mutant offspring. Alternatively, pluripotent NT ES cell lines
can be derived from the NT blastocysts. NT ES cells bear all the hallmarks of standard ES cell lines, in that they exhibit broad (pluripotent)
developmental potential, their genome can be manipulated in vitro by routine gene targeting and other transgenic approaches, and they can be
differentiated in vitro when grown under appropriate conditions. Gene targeting can be used to repair specific genetic defects in the mutant NT ES cells.
The corrected NT ES cells can subsequently be introduced into tetraploid blastocysts to generate chimeras that, if implanted into the uterus of a
surrogate female and allowed to undergo embryogenesis, can develop into cloned normal offspring. Alternatively, corrected NT ES cells can be
differentiated in vitro to obtain lineage-specific stem cells, in this case by growth of embryoid bodies (EBs) followed by differentiation to yield
hematopoietic stem cells. Finally, the genetically corrected, autologous cells can be used for cell therapy of the mutant animals. 
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