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The Cloned Goats or Transgenic Cloned Goats are generated and/or multiplied by one the most advanced and widely

applied assisted reproductive technologies (ARTs) designated as somatic cell cloning or somatic cell nuclear transfer

(SCNT). The SCNT-derived goats can provide a valuable tool for a variety of transgenic, biomedical, biopharmaceutical

and nutri-biotechnological research.
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1. Introduction

One of the most rapidly developing strategies for reproductive biotechnology in mammals, including farm livestock

species, is cloning by somatic cell nuclear transfer (SCNT) (Figure 1).

Figure 1. Generation of transgenic cloned goats by somatic cell nuclear transfer (SCNT).

It is beyond any doubt that the attractiveness of cloning techniques results from their potential to generate and multiply

transgenic animals, which are valuable due to the expression of modified genes (Figure 1). Furthermore, this

attractiveness also depends, to a lesser degree, on the possibility to replicate individuals with excellent, highly heritable

breeding (genetic) and performance traits, which may shorten the generation interval and increase the rate of breeding

progress. However, the aforementioned areas of research are being explored on a limited scale due to the high costs

associated with the cloning procedure resulting from the low efficiency of the method. It is beyond any doubt that the

widespread use of cloning methods will be possible once efficacy and repeatable results are guaranteed .

The main reason for low pre- and postimplantation developmental potential and poor quality of SCNT-derived embryos is

the abnormal adaptation of the transferred somatic cell nuclei to the biochemical conditions of the oocyte cytoplasmic
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microenvironment, i.e., their incomplete or improper remodeling and reprogramming in the cytoplasm of nuclear-

transferred oocytes. The latter also gives rise to the relatively high incidence of congenital malformations (anatomo-,

histo-, and physiopathological changes) in cloned fetuses and offspring. This calls for studies aimed at the precise

determination of the conditions that facilitate epigenetic reprogramming in the nuclear donor cell genome during the pre-

and postimplantation development of SCNT-generated embryos and fetuses of different mammalian species, including the

domestic goat . Promising results were achieved by investigations that focused on the use of extrinsic

nonselective agents for stimulating the epigenetically regulated transcriptional activity of genomic DNA in both nuclear

donor somatic cells and SCNT-cloned embryos .

2. Key Issues Related to Biological, Molecular, and Epigenetic
Determinants Affecting the Efficacy of Somatic Cell Cloning in Goats

The provenance of somatic cells is a factor that can have a significant impact on cloning efficiency in goats. Relatively few

types of nuclear donor cells have been tested for their suitability for the production of cloned embryos, fetuses, and/or

offspring in this livestock species. Those that have been tested include cells stemming from several types of tissues

collected from both caprine fetuses and adult animals of both sexes and of different ages. Among the nuclear donor cells

(NDCs) used for SCNT procedures, mention should be made of: (1) in vitro cultured (transgenic or nontransgenic) fetal

dermal fibroblasts ; (2) juvenile and adult dermal fibroblasts ; (3) mural granulosa

cells isolated from antral ovarian follicles ; (4) cumulus oophorus cells .

Special consideration should be given to the use of pituicytes, i.e., endocrine cells originating from the anterior pituitary

(also known as adenohypophysis) of postpubertal bucks, as a source of nuclear donors for SCNT in goats . To date,

this cerebral tissue-specific type of endocrine cell, which synthesizes and secretes tropic hormones, has not been used

for SCNT in other species of farm and laboratory animals. It has been postulated, however, that artificial (ectopic) control

of metabolic and secretory activities of the endocrine compartment in all lobes of the pituitary gland of livestock species

might be feasible through genetic modification (transfection) of pituicytes at the in vitro culture level. In turn, utilizing

genetically transformed pituitary-derived glandular cells, which are characterized by inducible expression of recombinant

human hormonal proteins or polypeptides, for the generation of transgenic specimens of different mammalian species by

somatic cell cloning opens up a variety of new application opportunities. The latter encompass the production of

transgenic animal bioreactors, which provide xenogeneic (human) tropic hormones in cytosol extracts (homogenates) of

pituicytes or in blood plasma. These hormones are indispensable for the clinical application of therapies for many human

monogenic diseases, which induce endocrine-mediated congenital malformations. The transfer of caprine SCNT embryos

that had been reconstructed with pituicytes into the reproductive tract of hormonally synchronized recipient females

resulted in the birth of a cloned male kid. The results of these experiments confirmed that even the nuclear genome of

terminally differentiated somatic cells such as pituicytes can successfully undergo the complete processes of epigenetic

remodeling and reprogramming in pre- and postimplantation cloned goat embryos .

Incomplete or incorrect epigenetic reprogramming of epigenetic memory, which is encoded in extragenic covalent

modifications of the somatic cell nuclear genome, was found to be one of the main factors decreasing the efficiency of

somatic cell cloning in mammals, including the domestic goat. Reductions in this efficiency are reflected in the weakened

in vitro and/or in vivo developmental potential of SCNT-derived embryos . Methylation of cytosine residues in CpG

islands/dinucleotides is a widely explored/recognized modification of the somatic cell nuclear genome in cloned embryos

. Han et al.  demonstrated that enzymatic activity of ten-eleven translocation methylcytosine dioxygenase 3

(TET3) is a key molecular mechanism underlying active DNA demethylation in preimplantation goat embryos created by

somatic cell cloning. Knocking out the TET3 gene led to the inhibition of active (i.e., DNA replication-independent)

demethylation of 5-methylcytosine (5-mC) residues in 2-blastomere-stage cloned goat embryos. As a consequence, this

brought about the downregulation of the expression of the pluripotency-related Nanog gene in the inner cell mass (ICM)

compartment of the generated blastocysts. In turn, overexpression of the TET3 gene that had been induced by

transgenization of in vitro cultured somatic cells resulted in: (1) abundant demethylation of DNA 5-mC residues; (2)

declined quantitative profile of 5-mC moieties; (3) increased incidence of 5-hydroxymethylcytosine residues; (4) intensified

transcriptional activity of crucial pluripotency-related genes. Furthermore, the use of genetically transformed somatic cells

displaying overexpression of the TET3 gene—as nuclear donors for the reconstruction of caprine enucleated oocytes—

contributed to an enhancement in the extent of active demethylation of 5-mC residues within somatic cell-inherited nuclear

DNA. The latter perpetuated hypomethylation of the somatic cell-derived genome in cleaved SCNT embryos,

subsequently triggering remarkable improvements in their in vitro and in vivo developmental capabilities. It follows that

overexpression of the TET3 gene in NDCs significantly ameliorates the efficacy of somatic cell cloning in goats.
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The developmental potential of the mammalian SCNT embryos, including their caprine representatives, which inherit the

somatic cell nuclear genome as a result of the reconstruction of enucleated oocytes, is highly dependent on the level of

epigenetic modifications within DNA and chromatin-derived histones of the NDCs undergoing long-term in vitro culture 

. One of the strategies to reverse advanced alterations in the pattern of epigenetic covalent modifications within

somatic cell nuclei, which encompass rapid DNA methylation and a decrease in the quantitative profile of histone protein

acetylation, appears to be the exposure of NDCs, SCNT-derived oocytes, and corresponding embryos to reversible

agents inhibiting biocatalytic activity of DNA methyltransferases (DNMTs) and/or histone deacetylases (HDACs). The use

of nonselective or selective promoters of epigenetically determined transcriptional activity of genomic DNA in both in vitro

cultured NDCs and cloned embryos is supposed to be an approach that allows for proper reprogramming of somatic cell

nuclei . Exogenously modulating the epigenetic memory profile of genomic DNA appears to contribute to

successfully reversing the “transcriptional clock” of a differentiated somatic cell nucleus to the status of a cell nucleus

characteristic of a totipotent or pluripotent embryonic cell. As a consequence, such efforts induce the restoration of the

expression pattern that is seen in genes that are inevitable in the initiation and progress of the developmental program of

SCNT-derived embryos . This results in a reduction in the methylation degree of DNA cytosine residues and an

increase in the acetylation of nuclear chromatin histone proteins . In turn, the previously specified processes were

shown to bring about recapitulation and perpetuation of the correct and faithful profiles of transcriptional activities

observed both for the genes indispensable to induce and maintain the totipotency/pluripotency states and for the genes

encoding enzymes responsible for endogenous epigenetic modifications during pre- and postimplantation embryogenesis.

The totipotency/pluripotency-related genes encompass those that encode such proteins as: e.g., octamer-binding

transcription factor 3/4 (Oct3/4), the homeobox-containing transcription factor Nanog, whose name stems from the

Celtic/Irish mythical word Tír na nÓg (i.e., The Land of the Ever-Young), DNA-binding proto-oncogenic/oncogenic

transcription factor c-Myc, sex-determining region Y (SRY)-box 2 transcription factor (Sox2), Krüppel-like factor 4 (Klf4),

reduced expression protein 1 (Rex1), and caudal-type homeobox protein 2 (Cdx2). The epigenetic modifier genes involve

those that encode such enzymatic proteins as: e.g., DNA methyltransferase type 1 (DNMT1), DNA methyltransferase type

3a (DNMT3a), DNA methyltransferase type 3b (DNMT3b), histone deacetylase type 1 (HDAC1), histone deacetylase type

2 (HDAC2), histone methyltransferase (HMT), and histone acetyltransferase (HAT) . In the wake of recent

research, innovative and highly efficient methods were developed to modulate the epigenetic memory profile of

mammalian SCNT embryos, including their caprine counterparts. These methods are focused on applying exogenous

nonselective HDAC inhibitors (such as trichostatin A, valproic acid, and scriptaid) and/or nonselective DNMT inhibitors

(such as 5-aza-2′-deoxycytidine) or selective inhibitors lysine K4 demethylases specific for histones H3 within the

nucleosomal core of nuclear chromatin (such as trans-2-phenylcyclopropylamine (tranylcypromine; 2-PCPA)). The

aforementioned strategies may considerably modify the epigenetically determined reprogramming of the somatic cell

nuclear genome in SCNT-derived embryos. The final results of these innovative solutions turn out to be significant

enhancements of the pre- and/or postimplantation developmental competence and an improvement in the molecular

quality of cloned embryos in mammals, including the domestic goat .

3. Conclusions and Future Goals

Although the efficiency of somatic cell cloning in goats remains relatively low, further studies are necessary because

modern ART has important implications in the fields of goat breeding, the transgenics of this mammalian species, agri-

food biotechnology, biomedicine, and biopharmacy.

An increase in the efficiency of somatic cell cloning techniques in the domestic goat can be brought about by further

intensive research into improving both developmental competence and the parameters related to the molecular and

epigenetic quality of SCNT-derived embryos. The latter can be achieved by efforts aimed at using nonselective or

selective inhibitors of DNMTs and HDACs, which would in turn lead to enhancements in the reprogrammability of the

epigenetic memory profile within genomic DNA of NDCs, nuclear-transferred oocytes, and the corresponding caprine

cloned embryos. This is a sine qua non condition for the practical use of SCNT-based cloning, and thus for the production

of genetically transformed goats for the purposes of human nutrition technology based on a meat diet.
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