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ABSTRACT

Transgenic founder rabbits carrying a gene construct consisting of a 2.5 kb murine
whey acidic protein promoter (mMWAP), 7.2 kb of the human clotting factor VIII (hFVIII)
cDNA and 4.6 kb of 3’ flanking sequences of mWAP gene were crossed for five generations.

Transgenic females showed high level of recombinant hFVIII (rthFVIII) mRNA
expression in biopsed mammary gland tissues. The presence of the mWAP-hFVIII transgene
in rabbit genome and secretion of rhFVIII into milk of transgenic females (F,, F», F3. F4 and

F5 generation) did not have any adverse phenotypic effect on milk quality.
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INTRODUCTION

Mammary gland as a bioreactor

The use of transgenic animals as bioreactor ("pharmaceutical farming" or “gene

farming”) is a cost-effective and variability in post-translational modification alternative to
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cell culture methods. Animals automatically supplement their body fluids with fresh nutrients,
remove waste products, reliably regulate their internal temperature and pH and resist to
pathogens. By targeting the expression of the transgene product, so that the secretory cells of
lactating mammary gland produce it, "farmers" may collect and process body fluids with
minimal effort. The mammary gland probably is the most promising target tissue because it
produces large amounts of protein in a temperature-regulated fluid that may be collected daily
in a non-invasive fashion. Transgenic animals are not only cost-effective bioreactors, but,
with the complex secretory cell types and organs of the mammalian organism, can perform
much more complicated protein modifications than simply cultured cells. Transgenic animals
used as bioreactors to produce human proteins represent new horizon in animal husbandry
often followed by low viability of newborn animals. Repercussion of that can be also irregular

secretion and alteration of milk composition.

Milk quality and quantity of transgenic animals

Milk is usually the sole source of nourishment of young mammals, therefore offspring
growth and development depends only on milk. Rabbit milk yield may be affected by breed of
doe (Lukafahr et al., 1983), nutrition (Chrastinova et al., 1997), number of kids suckling
and their age of weaning (Taranto et al., 2003) and pregnancy during lactation (Lukafahr et
al., 1983). Intensive recombinant human protein production by mammary gland of transgenic
rabbit necessitates knowledge of the lactation curve and quality (composition) of milk as a
possible effect of transgenesis on milk yield.

The use of transgenic animals allows the production of valuable human proteins,
enzymes, hormones and growth factors in the milk. By targeting the expression of the
transgene product to the secretory cells of animals we may collect and process body fluids
with minimal effort. Transgenic rabbit system is a lower cost alternative primarily because
rabbits are smaller and thus less expensive to maintain but also because the rabbit
reproductive cycle is much shorter than that of the large domesticated animals (Bozse et al.,
2003).

The mammary gland is the most promising target tissue because it produces large
amounts of protein in a temperature-regulated fluid that may be collected daily, in a non-
invasive fashion. Production of recombinant proteins in the mammary gland of transgenic
animals is dependent on gene promoters used in transgene constructs. Most of the studies

have been carried out with the ovine B-lactoglobulin, bovine a-lactalbumin, caprine B-casein
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or mouse whey acidic protein (WAP) promoter (Pollock et al., 1999). The mouse WAP
promoter has been used in basic biological studies, as well as for the synthesis of
pharmacologically active human proteins, to direct the expression of heterologous genes to
alveolar epithelial cells (Van Cott et al., 2001, Chrenek et al., 2002, 2005, 2007a,b,c).

The lactation specificity of the regulatory regions used in control of mammary gene
expression in transgenic animals is very important in case of expression of foreign
biologically active proteins, because these proteins may exhibit their biological functions in
the animal if secreted prior to the tight junction formation in the mammary epithelial cells
(Chen et al., 2002). The effects of expressing growth factors, hormones, oncogenes, ECM
components and receptors on mammary gland development and differentiation have been well
documented (Jhappan.et al., 1993). These effects range in phenotype from impaired lubulo-
alveolar development (Jappan.et al., 1993), to decreased milk protein synthesis during
lactation, without effects on glandular epithelium in activated Ha-ras mice (Andres et al.,
1988), constitutive milk protein gene transcription in c-myc mice (Andres et al., 1988),
reduction in milk protein synthesis and lactation deficiency in transgenic mice (Nemir et al.,
2000), to premature dedifferentiation of secretory epithelial cells and a decrease in milk
protein mRNA levels in betal-integrin mice (Faraldo et al., 2002), to hyperplasia and
delayed involution in human FGF4 transgenic mice (Morini et al., 2000).

Rabbit milk quality varies depending on various factors, as a breed, nutrition, lactation
stage or number of pups (Chrastinova et al., 1997, Lukafahr et al., 1983). To investigate the
effect of over-expression of hFVIII on milk quality of transgenic females, basic analysis of
milk was performed and compared with non-transgenic milk at the same conditions. Although
our results of transgenic rabbit milk samples have showed that all transgenic females analysed
in this work produced lower or higher concentration of rhFVIII with confirmed biological
activity (Chrenek et al., 2005, 2007a,b,c), significant differences were found only in the
content of milk fat and lactose. The higher variability of rhFVIII concentration may be
explained by different copies of integrated gene, site of transgene insertion or its genomic
environment, what could influence its expression (Salvo-Garrido et al., 2004). Relatively
higher protein content in transgenic rabbit milk samples may be explained by the production
of recombinant human factor VIII. Insignificant difference between transgenic and non-
transgenic protein content is in agreement with the previous report where it was showed, that
expression of recombinant protein into mammary gland of transgenic animals did not
automatically result in any increase in total milk protein content (Wilde et al., 1992).

Significant differences obtained in our milk samples are in agreement with the range of
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variability, where an average of fat content is 12-15g/100g, protein is 8-12.5g/100g, lactose
1.0-2.0g/100g and ash is 2-3% (Jenness, 1982). Significantly higher number of somatic cells
in transgenic rabbit milk comparing to non-transgenic ones may be explained by used
technique of milk collection and temperament of female. Some females during milk collection
“cooperated” better than the other did. It is necessary to note also, that milk was collected
using “home made air vacuum pump” what may cause a higher number of somatic cells in
transgenic milk samples.

Palmer et al. (2003) recently reported that transgenic mice expressing recombinant
human protein into mammary gland, under mouse WAP promoter, exhibit defects in lactation
and impaired mammary gland development. The WAP promoter was shown to be less
efficient than the B-lactoglobulin promoter at driving the over-expression of recombinant
human protein into milk (Barash et al., 1999). On the other hand, Van Cott et al. (2001)
concluded that transgenesis and recombinant human protein secretion in milk was not
connected with any abnormality concerning milk production such as mastitis or other
mammary gland disorders of transgenic pig. Mammary gland specific over-expression of

IGF-I did not also impact lactation performance in swine (Monaco et al., 2005).

Histological analysis of mammary gland

Our recent histological analyses of lactating transgenic rabbit mammary gland tissues
have observed no changes, when compared to non-transgenic mammary gland tissues
(Dragin et al.,, 2006). Ultrastructural measurements of cellular organels showed no
differences in cellular structure of mammary tissue, but significant differences in relative
volume of mitochondria and vacuoles between transgenic and non-transgenic ultrastructure of
mammary gland epithelium were observed (Dragin et al., 2006, Chrenek et al., 2009).

The presence of the mWAP-hFVIII transgene in rabbit genome and secretion of
rhFVIII into milk of transgenic females did not have any adverse phenotypic effect on the
offspring and milk quality. All transgenic rabbit females of F;, F» Fs; F4 F5 generation had
normal reproductive behaviour, producing litters ranging from 7 to 9 offspring, which is in

accordance with our previous results (Chrenek et al., 2005, 2007a,b,c).

REFERENCES

635




JMBFES / Chrenek et al. 2012 : 1 (February Special issue) 632-639

ANDRES, A. C. - VAN DER VALK, M. A. - SCHONENBERGER, C.A. - FLUCKIGER, F.
— LE MEUR, M. - GERLINGER, G. — GRONER, B. 1988: Ha-ras and c-myc oncogene
expression interferes with morphological and functional differentiation of mammary epithelial

cells in single and double transgenic mice. Genes Dev. 2 (11), 1988, p. 1486-1495.

BARASH, I. A. - FAERMAN, M. - RICHENSTEIN, R. - KAIRI, G.M. - DAMARY, M.
SHANI, M.J. - BISSELL. M. 1999. In vivo and in vitro expressin of human serum albumin
genomic sequences in mammary epithelial cells with B-lactoglobuline and whey acid protein

promoters. Molec. Reprod. Devel. 52, 1999, p. 241-252.

BOZSE, Z. — HIRIPI, L. - CARNWATH, J. W. — NIEMAN, H. 2003. The transgenic rabbit
as model for human diseases and as a source of biologically active recombinant proteins. In.

Transgenic Res., vol. 12, 2003, p. 541-553.

CHEN, S. H. - VAUGHT, T. D. - MONAHAN, J. A. - BOONE, J. - EMSLIE, E. — JOBST,
P. M. - LAMBORN, A. E. - SCHNIEKE, A. - ROBERTSON, L. - COLMAN, A. - DAL Y.
— POLEJAEVA, A. — AYARES, D. L. 2002. Efficient production of transgenic cloned calves
using preimplantation screening. In. Biol. Reprod., vol. 67, 2002, p. 1488-1492.

CHRASTINOVA, L. - SOMMER, A. - RAFAY, J. - SVETLANSKA. M. 1997. Avotan
exploitation in rabbit nutrition. II. Nutrient digestibility and lactation performance of does

rabbit. J. Farm Anim. Sci. 30, 1997, p. 80-86.

CHRENEK, P. — VASICEK, D. - MAKAREVICH, A. V. — UHRIN, P. - PETROVICOVA,
I. — LUBON, H. — BINDER, B. R. — BULLA, J. 2002. Integration and expression of the
WAP-hPC gene in three generations of transgenic rabbits. In. Czech J. Anim. Sci., vol. 47,
2002, no. 2, p. 44-49.

CHRENEK, P. — VASICEK, D. - MAKAREVICH, A. V. — JURCIK, R. — SUVEGOVA, K.
— PARKANYI, V. - BAUER, M. — RAFAY, J. - BATOROVA, A. - PALEYANDA, R. K.
2005. Increased transgene integration efficiency upon microinjection of DNA into both

pronuclei of rabbit embryos. In. Transgenic Res., vol. 14, 2005a, p. 417-428.

636




JMBFES / Chrenek et al. 2012 : 1 (February Special issue) 632-639

CHRENEK, P. — RYBAN, L. — VETR, H. — MAKAREVICH, A.V. — UHRIN, P. -
PALEYANDA, R.K. — BINDER, B.R. 2007. Expression of recombinant human factor VIII in
milk of several generations of transgenic rabbits. Transgenic Res., vol. 16, 2007a, p.353-361.
CHRENEK, P. — CHRASTINOVA, L. - KIRCHNEROVA, K. - MAKAREVICH, A.V. -
FOLTYS V. 2007b. The Yield and Composition of Milk from Transgenic Rabbits. Asian-
Australasian. J. Anim. Sci., 20, 2007b, p. 482-485.

CHRENEK, P. - DRAGIN, S. - KIRCHNEROVA, K. - CHRASTINOVA, L. - BOZIC, A. -
FOLTYS V. 2007c. Production of recombinant human factor VIII in the milk of transgenic
rabbits. Slovak J. Anim. Sci., 40, 2007¢, p. 1-4.

CHRENEK, P. - MASSANYI, P. - LUKAC, N. - MAKAREVICH, A.V. — OSTRO, A. —
ZIVCAK, J. — PIVKO, J. 2009. Transgenic rabbits — mammary gland as a target of
transgenesis. Slovak J. Anim. Sci., 42, 2009, no. 1, p. 44-48.

DRAGIN, S. — PIVKO, J. — MASSANYI, P. — LUKAC, N. - MAKAREVICH, A.V. —
PALEYANDA, R.K. — CHRENEK, P. 2006. Ultrastructural morphometry of mammary gland
in transgenic and non-transgenic rabbits. Anat. Histol. Embryol., vol. 35, 2006, p. 351-356.

FARALDO, M. M. - DEUGNIER, M. A. - TLOUZEAU, S. - THIERY, J. P. - GLUKHOVA,
M. A. 2002. Perturbation of betal-integrin function in involuting mammary gland results in
premature dedifferentiation of secretory epithelial cells. Mol. Biol. Cell, vol. 13 , 2002, no.10,
p- 3521-3531.

JENNESS, J.P. 1982. Inter-species comparison of milk proteins. Dev. Diary Chemistry 1,
1982, p. 87-114.

JHAPPAN, C. - GEISER, A. G. - KORDON, E. C. - BAGHERI, D. - HENNIGHAUSEN, L.
- ROBERTS, A. B. - SMITH, G. H. - MERLINO, G. 1993. Targeting expression of a
transforming growth factor beta 1 transgene to the pregnant mammary gland inhibits alveolar

development and lactation. EMBO J., vol 12, 1993, no. 5, p. 1835-1845.

637




JMBFES / Chrenek et al. 2012 : 1 (February Special issue) 632-639

LUKEFAHR, S. - HOHENBOKEN, W.D. - CHEEKE, R.D. — PATTON, N.M. 1983. Doe
reproduction and preweaning litter performance of straightbred and crossbred rabbits. J.

Anim. Sci. 57, 1983, p. 1090-1096.

MONACO, M.H. - GRONLUND, D.E. - BLECK, G.T. - HURLEY, W.L. - WHEELER,
M.B. - DONOVAN, S.M. 2005. Mammary specific transgenic over-expression of insulin-like
growth factor-I (IGF-I) increase pig milk IGF-I and IGF binding proteins, with no effect on
milk composition or yield. Transgenic Res. 14, 2005, p. 761-773.

MORINI, M. - ASTIGIANO, S. - MORA, M. - RICOTTA, C. - FERRARI, N. - MANTERO,
S. - LEVI, G. - ROSSINI, M. - BARBIERI, O. 2000. Hyperplasia and impaired involution in
the mammary gland of transgenic mice expressing human FGF4. Oncogene, vol. 19, 2000, no.

52, p. 6007-6014.

NEMIR, M. - BHATTACHARYYA, D. - LI, X. - SINGH, K. - MUKHERIJEE, A. B, -
MUKHERIEE, B. B. 2000. Targeted inhibition of osteopontin expression in the mammary
gland causes abnormal morphogenesis and lactation deficiency. J. Biol. Chem., vol., 275,

2000, no. 2, p. 969-976.

PALMER, C. A. - LUBON, H. - MCMANAMAN, L. 2003. Transgenic mice expressing
recombinant human protein C exhibit defects in lactation and impaired mammary gland

development. Transgenic Res., vol. 12, 2003, p. 283-292.

POLLOCK, D. P. - KUTZKO, J. P. - BIRCK-WILSON, E. - WILLIAMS, J. L. -
ECHELARD, Y. - MEADE, H. M. 1999. Transgenic milk as a method for the production of
recombinant antibodies. J. Immunol. Meth., vol. 231, 1999, p. 147-157.

SALVO-GARRIDO, H. - TRAVELLA, S. - BILHAM, L.J. - HARWOOD, W.A. — SNAPE,
W.J. 2004. The distribution of transgene insertion sites in barley determined by physical and

genetic mapping. Genetics, 167, 2004, p.1371-1379.

TARANTO, S. - DI MEO, C. - STANCO, G. - PICCOLO, G. - GAZANEO, M.P. - NIZZA,

A. 2003. Influence of age at weaning on caecal content characteristics and post-weaning

638




JMBFES / Chrenek et al. 2012 : 1 (February Special issue) 632-639

performance and health of rabbits. Asian-Aust. J. Anim. Sci. vol. 16, 2003, no. 10, p.1540-
1544.

VAN COTT, K.E., LUBON, H., RUSSELL, C. G. - BUTLER, S. P. - GWAZDAUSKAS, F.
C. - KNIGHT, J. - DROHAN, W. N. - VELANDER, W. H. 2001. Phenotypic and genotypic
stability of multiple lines of transgenic pigs expressing recombinant human protein C.

Transgenic Res., vol. 6, 2001, p. 203-212.
WILDE, C.J. - CLARK, A.J. - KERR, A.M. - KNIGHT, C.M. - MCCLENAGHAN, M. —

SIMONS, J.P. 1992. Mammary development and milk secretion in transgenic mice expressing

the sheep beta-lactoglobulin gene. Biochem. J., vol. 284, 1992, p. 717-720.

639




