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SUMMARY
Transgenic technologies have been applied for the production of proteins 

of medical interests in the milk of farm animals. To investigate whether hGH can 
be synthesized in the mammary gland of transgenic (Tg) animals and secreted into 
milk, and whether physiological functions of those animals are affected by the 
expression of the hGH transgenes or not, we have generated Tg mice expressing a 
mWAP/hGH fusion gene where 5’ sequence from the mouse whey acidic protein 
(mWAP) gene is linked to the coding region for human growth hormone (hGH). 
Milk taken from female mice of a transgenic lineage contained hGH at the mean 
concentration of 4.77±0.1pg/ml (n=4). Unexpectedly, hGH was also detected in the 
plasma of the Tg mice. The plasma hGH was probably derived from many organs 
aside from mammary glands. It was confirmed that endogenous WAP genes are 
expressed in variety of tissues aside from the mammary gland in both normal 
lactating and the virgin Tg mice. The results suggested that the tissue specificity 
of mWAP promoters is not so stringent sis has generally been believed. The plasma 
hGH is probably responsible for sterility, obesity, insulinemia, hyperprolactinemia 
and hyperglycemia observed in females of a Tg lineage (#8-1). Careful evaluation 
of the characteristics of promoter sequences putatively specific to certain tissue 
will be essential for the application of transgenic technologies to farm animals, so 
as to avoid creation of unnecessary ethical problems.

INTRODUCTION
Much expectation has been laid upon the possible application of the trans

genic technology to commercially important livestock, and various approaches to 
that end have been undertaken (Clark et al., 1989; Wilmut et al., 1990). An inter
esting example of industrial application of transgenic technology is the use of 
transgenic (Tg) animals for production of medically important proteins which are 
either highly costly to produce by conventional methods or cannot be synthesized 
in their active forms by microorganisms. To date, several proteins such as tis
sue-plasminogen activator (Ebert, et al., 1989), blood coagulation IX factor 
(Clark,et al., 1989) and a^-antitrypsin (Shimons, et al., 1988) has successfully 
been produced in the milk of transgenic sheep and/or goats. However, it is not 
certain whether the method may be applied to production of any other medically 
important proteins, and whether the promoters used to construct the fusion
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genes indeed retain the anticipated tissue specificities. In order to fathom the 
depth of the problems associated with the production of biologically active pro
teins in the milk of farm animals, we produced the Tg mice, as a model, carrying 
a fusion gene where 5’ sequence from the mouse whey acidic protein (mWAP) gene 
was linked to the coding region for human growth hormone(hGH). Results of 
analyses of those Tg mice will be summarized. Major parts of the results have 
been published elsewhere (Tojo et al., 1993)

MATERIALS AND METHODS
Production of Tg mice. Mice of BDF1, i. e., (C57BL/6 X DBA/2)F1, and ICR
strains were used. The coding region of the hGH gene was isolated as a 2.1 kb 
Bam HI/Bam HI fragment from pMThhGH and was inserted into the Ram HI site of 
the pBR327/5’ WAP plasmid from which the protein coding region of mWAP gene 
was removed. The 4.7 kb mWAP/hGH fusion gene was isolated from vector se
quences by Eco RI digestion, and was used for DNA microinjection. Tg mice were 
produced as described by Hogan et al(1986). The presence of hGH gene se
quences in genomic DNA of the Tg animals, was confirmed by Southern blotting. 
The details of the methods have been published previously (Tojo et al., 1993). 
Radioimmunoassay(RIA). The plasma was obtained from heparinized blood. The mnir 
samples were collected from lactating females 10-12 days after parturition, diluted 
(1:5) with distilled water, and defatted by centrifugation. The hGH contents in the 
plasma and the defatted milk sample were measured by RIA; radioreceptor assay 
(RRA) of hGH was done using the cytoplasmic fraction prepaired from the rat or 
mouse liver on 16-18 Day of pregnancy (Tojo et al., 1993). Plasma levels of prolac
tin were measured by RIA employing purified mPRL(AFP-6476c) as the antigen. 
Concentrations of insulin in the plasma was measured by RIA using rat insulin 
(Yamada, et al., 1986). To determine tissue contents of hGH, excised organs were 
homogenized in PBS. After centrifugation at ll.OOOxg at 4°C, the supernatants were assayed for hGH by RIA.
Histological examination. The whole mount preparation of the third thoracic 
glands were evaluated morphometrically for the growth of the duct and end-bud 
formation. The serially cut sections (5 pm) were stained with azan 
(hypophysis), with H & E (all other tissues).
RT-PCR_analysis. Total RNA was extracted from various tissues by the acid 
guamdium-isothiocyanate method, and reverse-transcribed to synthesize cDNA. For 
the detection of mWAP mRNA, PCR was performed using the primers specific for mWAP gene sequences.

RESULTS
Three male Tg mice (No. 3-1, No. 4-3, No. 8-1) carrying the mWAP/hGH 

fusion gene in the host genomic DNA were obtained. The females from #3-1 and 
#4-3 Tg lineages were fertile and normally lactated. AH the females from #8-1 
lineage, however, were infertile. Milk samples taken from the females of #3-1 Tg 
lineage contained hGH at the mean concentration of 4.77±0.1 pg/ml(n=4) as deter
mined by RIA. No immunologically detectable hGH was present in milk from the
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females from #4-3 Tg lineage. The results of RRA indicated that hGH in the milk 
samples could indeed bind to GH receptors of the rat or mouse liver. The 
presence of hGH at high levels in blood plasma of both the females and the males 
of two Tg mouse lineages, i. e., #3-1 and #8-1, was confirmed by RIA, but none
was detected in blood plasma of the offsprings of #4-3 lineage. Concentrations of 
hGH in the plasma of the offsprings of #8-1 lineage were higher than those of 
#3-1 lineage, in both females and males. The plasma hGH concentration was signif
icantly higher in the Tg females than in the males, when compared within the 
same lineage. The hGH activities were detected in the salivary gland, the pan
creas, the tongue, the brain and the mammary gland, but not in the muscle.

The adult Tg females of #8-1 lineage were sterile; they were highly obese 
and deposited much fat abdominally as weU as subcutaneously. The circulating 
levels of prolactin and insulin of the infertile Tg mice were more than 40-fold 
higher than those of normal ICR control mice. Furthermore, the glucose levels 
were about twice as much as those of the controls in average.

Histological examination of adenohypophysis revealed that the number of 
classical acidophils was markedly reduced. At the same time, their cellular 
volume decreased conspicuously compared to that of normal mice. The number of 
the basophils, on the other hand, decreased only slightly. The chromophobes were 
not affected in both numbers and morphological appearances. Ovaries of the ster
ile Tg mice exhibited signs of disorder of follicular growth, and functional corpo
ra lutea were found only rarely. Around 2 months in age, both females and males 
of #8-1 lineage showed a marked stimulation of growth of the mammary gland as 
confirmed by the morphometric analysis. The stimulated growth of the mammary 
gland was particularly noteworthy in females.

At the same time, high incidence of mammary tumor was observed in female 
mice of #8-1 lineage. In those mice, serum levels of prolactin were significantly 
higher than those in normal mice at 4 months after birth.

Messenger RNAs of endogenous WAP genes were detected by RT-PCR in a 
variety of tissues other than the mammary gland, including the cerebrum and the
liver, of normal lactating mice as weU as those of Tg virgin mice; mWAP mRNA
were not detected in tissues of normal virgin mice. The patterns of distribution 
of endogenous WAP gene expression among different tissues in the Tg mice were 
almost identical to that in lactating normal mice.

DISCUSSION
It was demonstrated that hGH could be synthesized and secreted into the

milk of the Tg mice under the control of mWAP promoter putatively specific for
the mammary gland. It is worthwhile to point out that the signed sequence in the 
present gene construct was derived from the hGH gene.

In our Tg mice, hGH concentrations in the milk were not high compared with 
those of other substances (Gordon, et al., 1987; Pittus, et al., 1988) similarly pro
duced in the milk of Tg mice and sheep which carry the fusion genes which are 
driven by mWAP promoter sequences. The low yield may be due to effects of the 
integrated position of the transgenes on the host-chromosome.
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Contrary to the original expectations, hGH was found at high levels in the 
blood plasma of the Tg mice. It was strongly suspected that the plasma hGH was 
originated from several organs as well as from the mammary gland. Curiously, 
the variations in the plasma hGH levels within the Tg mouse lineage were higher, 
than those in the hGH levels in the milk, suggesting that the expression of the 
transgenes might be regulated to some extent, in tissue-specific manner by fac
tors in the mammary gland whereas no such control is effected in the other tis
sues, e. g., salivary glands or pancreases (Pittus, et al., 1988, Choo, et al., 1989).

The sterile Tg females generated from #8-1 founder male exhibited insuli- 
nemia and hyperglycemia which are probably results of the long-term exposure of 
the tissues to high concentrations of hGH. High incidence of mammary tumors in 
the males and females of Tg lineages, too, may be accounted for by the high 
levels of plasma hGH.

From the RT-PCR analysis, it turned out that the expression of endogenous 
WAP genes take place in many different tissues of mature virgin Tg females, as 
well as in lactating normal control females. The expression of endogenous WAP 
genes detected in the cerebrum of Tg mice may be due to the local over-produc
tion of hGH genes.

Finally, it is pertinent to point out, on the basis of the present results, 
that careful evaluation of the characteristics of promoter sequences putatively 
specific to certain tissue will have to be done, before venturing into the produc
tion of Tg farm animals, so as to avoid creation of unnecessary ethical problems. 
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