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Summary &horbar; Mammary explants from pregnant ewes were cultured in the presence of insulin, corti-
sol and prolactin, either alone, or in combination. After 2 d of culture, total RNA was extracted from
explants and the content of (3-lactoglobulin mRNA was estimated using a specific labelled cDNA
probe. The mRNA for (3-lactoglobulin was only deinduced slowly in the absence of hormone during
the culture. Prolactin alone induced the accumulation of the mRNA. Insulin and cortisol added to-
gether were also stimulatory, but they only moderately amplified the prolactin effect. [3-lactoglobulin
gene in ewes, is therefore, controlled by the lactogenic hormones which also induce casein gene ex-
pression. The amplitude of the stimulation was unexpectedly low. This seems due in part to the fact
that the gene was only deinduced weakly. In this respect, fi-lactoglobulin gene appears to be less
dependent on lactogenic hormones under these experimental conditions than casein genes.

(3-lactoglobulin / ovine / hormonal control /mammary explants culture

Résumé &horbar; Le contrôle hormonal du gène de la p-iactogiobutine ovine dans des cultures d’ex-
plants mammaires de brebis. Des explants mammaires de brebis ont été cultivés en présence
d’insuline, de cortisol et de prolactine, seuls ou associés. Après 2 jours de culture, I ADN total a été
extrait des explants et le contenu en ARNm de 13-lactoglobuline a été estimé en utilisant une sonde
ADNc marquée spécifiquement. L ARNm de la fi-lactoglobutine n est que lentement déinduit pendant
les 2 jours de culture. La prolactine seule induit l’accumulation de l’ARNm. L’insuline et le cortisol,
ajoutés ensemble, ont un pouvoir stimulant mais ils n’amplifient que modérément l’effet de la prolac-
tine. Le gène de la 13-lactoglobuline chez la brebis est donc contrôlé par les hormones lactogènes
qui induisent aussi l’expression des gènes des caséines. L’amplitude de l’induction s’est avérée plus
faible que prévu. Ceci semble en partie dû au fait que le gène n’est que partiellement déinduit A cet
égard, le gène de la fi-lactoglobuline ovine apparaît moins dépendant des hormones lactogènes que
ceux des caséines dans ces conditions expérimentales.
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INTRODUCTION

Milk protein genes are known to be con-
trolled by several hormones including pro-
lactin, cortisol, insulin and progesterone
(Houdebine, 1986). Cultures of mammary
explants carried out in rat (Hobbs et al,
1982), rabbit (Devinoy et al, 1988), ewe
(Houdebine ef al, 1985), mouse (Banerjee
and Antoniou, 1985) and cow (Shamay et
al, 1988) have shown that, in all cases,

prolactin, insulin and cortisol stimulate,
whereas progesterone inhibits, milk pro-
tein gene expression. (3-lactoglobulin gene
which exists in a limited number of spe-
cies, including sheep and cow, was isolat-
ed and its structure defined (Gaye et al,
1986; Ali and Clarck, 1988). Experiments
carried out in vivo have shown that (i-
lactoglobulin mRNA in the pregnant ewe is
accumulated under the influence of gluco-
corticoids (Gaye et al, 1986). Moreover,
ovine (3-lactoglobulin gene was expressed
abundantly and specifically in the mam-

mary gland of transgenic mice (Simons et
al, 1987). The data reported here reveal
how the ovine fi-lactoglobulin gene is con-
trolled by hormones in cultured ewe mam-
mary explants.

MATERIALS AND METHODS

Explants culture

Fragments of mammary tissue explanted from
95-d pregnant ewes were cultured in medium
199 without serum for 2 d under 95% 02 and
5% C02 essentially, as previously described
(Houdebine et al, 1985). About 800 mg of tissue
was used for each hormonal combination, the
medium contained no hormone or combinations
of ovine prolactin (NIH PS13) (1 pg/ml), cortisol
(500 ng/ml) and bovine insulin (5 wg/ml). Three
independent cultures were performed from 3 dif-
ferent animals.

Extraction of RNA

At the end of culture, the tissue was collected
and kept frozen until use. Total RNA was ex-
tracted using the method of Chomsczkinsky and
Sacchi (1987) with slight modifications (Puissant
and Houdebine, 1990). Briefly, the frozen tissue
was homogenized in a solution of guanidinium
isothiocyanate and RNA was directly extracted
in the presence of phenol and chloroform, as de-
scribed (Chomsczkinsky and Sacchi, 1987). The
RNA pellet, obtained after the precipitation by
isopropanol, was resuspended in 2M LiCI to sol-
ubilize polysaccharides. The pellet was redis-
solved in 0.5% sodium dodecylsulphate and
RNA was extracted in the presence of chloro-
form. The same method was used to extract
RNA from fresh mammary tissue of a 118-day
pregnant ewe.

Measurement of {3-/actog/obu/in mRNA

RNA (20 pg) was denatured by formaldehyde at
65 °C as described by Thomas (1980). The de-
natured RNA was diluted in 300 wl 10 x SSC
and layered over 1 cm2 Zeta probe nylon filter.
RNA retained on the filter was fixed by UV light
irradiation (Khandjian, 1986). Prehybridization
and hybridization were carried out in 0.5 M

phosphate buffer (Mahmoudi and Lin, 1989)
containing 0.5% non-fat dry milk instead of bo-
vine serum albumin. The probe was ovine [3-
lactoglobulin 32P cDNA (Gaye et al, 1986) la-
belled by oligolabelling (109 cpm/wg DNA). The
hybridization medium contained 800 000 cpm/ml
of the probe. After overnight hybridization, the fil-
ters were washed extensively in 50mM phos-
phate buffer (Mahmoudi and Lin, 1989). Each fil-
ter was then placed in a vial in the presence of a
scintillation mixture and the hybridized probe
was evaluated by a [3 scintillation counter. Each
result is the mean of triplicates.

Northern blot analysis were carried out by a
conventional method. 20 pg RNA were added in
each well of agarose gel after a denaturation in
a mixture of formaldehyde and formamide. At
the end of the electrophoresis, RNA was trans-
ferred to Zeta probe filters by capillarity in water.
Hybridization was carried out as described
above.



RESULTS

Milk protein gene expression can be easily
evaluated using radioimmunoassay which
specifically measure the accumulation of
milk proteins in cultured mammary ex-

plants (Houdebine et al, 1985). Experi-
ments, not shown here, indicated that [3-
lactoglobulin was present at a relatively
high level even in the fresh and unstimulat-
ed tissue, indicating that the background
expression of [3-lactoglobulin gene in mid-
pregnant ewes is sufficient to accumulate
rather large amounts of the protein in the
mammary gland. For this reason, the [3-
lactoglobulin radioimmunoassay could not
be used since the amount of [3-
lactoglobulin synthesized under the hormo-
nal stimulation in vitro was negligible in

comparison to the quantity synthesized
and stored before the culture. Measure-
ments of (3-lactoglobulin mRNA are not ex-
pected to suffer from this limitation. As a
matter of fact, mRNA in a cell is simultane-
ously synthesized and degraded to reach a
steady state, whereas secreted milk pro-
teins can be stored in the lumen of mam-

mary alveoli over long periods of time in an
essentially undegraded form even after
their synthesis has ceased. Moreover,
mRNA accumulation, resulting from both a
specific activation of transcription and a
stabilization of the transcripts, is more di-

rectly related to the mechanism of action of
hormones. For these reasons, measure-
ment of (3-lactoglobulin mRNA concentra-
tion, rather than radioimmunoassay of the
protein, was chosen to determine the ef-
fects of lactogenic hormones on 13-
lactoglobulin gene expression.

Increasing amounts of RNA extracted
from the mammary gland of a 118-day
pregnant ewe was loaded on filters and hy-
bridized to the probe. In figure 1, it can be
seen that the hybridized probe was essen-
tially linear up to 50 pg RNA per filter. In

the following experiments, 20 gg RNA
were used.

Three cultures were carried out inde-

pendently. Prolactin alone doubled the
concentration of fi-lactoglobulin mRNA.
This stimulation was relatively modest and
at best, slightly amplified by insulin or corti-
sol added with prolactin. The combination
of the 3 hormones was not more potent
than prolactin alone. On the other hand,
the association of insulin and cortisol dou-
bled the concentration of [3-lactoglobulin
mRNA, even in the absence of prolactin.
Cortisol appeared poorly active in the ab-
sence of insulin either alone, or associated
with prolactin. In all cases, the stimulation

by hormones remained very limited and it
did not exceed 2-fold (fig 2). Statistical

analysis of the results indicated that the

following hormonal combinations: PRL, I +



C, I + PRL and I + C + PRL were all signifi-
cantly higher than the control without hor-
mone (with P < 0.05). On the contrary, the
combinations I, C, C + PRL were not sig-
nificantly different from the control. No sig-
nificant differences emerged between the
stimulating combinations. More experi-

ments should have been performed to

point out possible subtle modulations by
the different hormones. This did not ap-
pear justified, given the low amplitude of
the maximum stimulation in these experi-
mental conditions.

These results were essentially con-

firmed by Northern blotting in which the
same RNA were used. Results shown in

figure 3 indicate that insulin, cortisol and

prolactin participate in the stimulation of [3-
lactoglobulin gene expression. These ef-
fects can be considered as specific since
actin mRNA proved not to be sensitive to
lactogenic hormones (fig 3).

DISCUSSION

The data reported here indicate that ovine
p-lactoglobulin gene expression is stimulat-
ed by the essential lactogenic hormones;
insulin, cortisol and prolactin as the other
milk protein genes (Hobbs et al, 1982;
Banerjee and Antoniou, 1985; Houdebine
et al, 1985; Houdebine, 1986; Devinoy et
al, 1988; Shamay et al, 1988). However, (3-
lactoglobulin gene appears to be regulated
somewhat differently. The (3-lactoglobulin
gene, such as casein genes from rabbit

(Devinoy et al, 1988) and ewe (Houdebine
et al, 1985), are sensitive to prolactin
alone. Insulin and cortisol, which exert a
minor effect in the absence of prolactin on
casein gene, are known to be potent ampli-
fiers of prolactin action (Hobbs et al, 1982;
Banerjee and Antoniou, 1985; Houdebine
et al, 1985; Houdebine, 1986; Devinoy et
al, 1988; Shamay et al, 1988). In the ex-

periments depicted here, insulin and corti-
sol appear to have a limited amplificatory
effect on prolactin action. Cortisol tends to
have an inhibitory effect on (3-lactoglobulin
gene, whereas the same concentration of
the hormone (500 ng/ml), also in ewe,

clearly stimulates (3-casein synthesis in vi-



tro (Houdebine et al, 1985). Cortisol asso-
ciated with insulin significantly stimulated
in vitro (3-lactoglobulin mRNA accumula-
tion; a fact in good agreement with in vivo
experiments (Gaye ef al, 1986).

The most striking fact, is the relatively
poor stimulation of /3-lactoglobulin gene ex-
pression in our experimental conditions. In
quite similar experimental conditions, /3-
casein gene in the ewe (Houdebine et al,
1985), a and /3 casein genes in the rat

(Hobbs et al, 1982) and a and (3-casein
gene in the rabbit (Devinoy et al, 1988,

1989) are heavily stimulated (up to 250-
fold for p-casein in the rat and 50-fold for
a-casein in the rabbit). [3-lactoglobulin
gene thus appears clearly different from
casein genes. It is only slowly deinduced in
the absence of hormone during the 2 d of
culture, as opposed to casein genes
(Hobbs et al, 1982; Devinoy et al, 1988).
Hence, although it is expressed at a high
leve,l it is modestly stimulated by the hor-
mones. These facts are reminiscent of ob-
servations done for another major milk,
protein gene, the gene for whey acid pro-
tein (WAP) which, like fi-lactoglobulin, is



expressed in some mammalian species
only. WAP is known to be expressed in ro-
dent’s milk, but not exclusively, whereas [3-
lactoglobulin is expressed in ruminant’s
milk although not exclusively. No clear cor-
relations appear in this respect between
the 2 genes. Experiments carried out in rat
(Hobbs et al, 1982), rabbit (Devinoy et al,
1988, 1989) and mouse (Pittius et al,
1987) have shown that the WAP gene is
also controlled by insulin, cortisol and pro-
lactin. However, prolactin alone is unable
to induce WAP gene expression in the rab-
bit, whereas a combination of insulin and
cortisol or prolactin and cortisol, proved ef-
ficient (Devinoy et al, 1988, 1989). On the
other hand, in vitro experiments pointed
out that the WAP gene is only weakly
deinduced in vitro in the absence of hor-
mone, and rather modestly stimulated by
insulin, cortisol and prolactin (Hobbs et al,
1982; Devinoy et al, 1988, 1989). In vivo,
both WAP and fi-lactoglobulin genes are
markedly stimulated throughout the preg-
nancy-lactation cycle (Gaye et al, 1986;
Pittius et al, 1987; Busso et al, 1989; Devi-
noy et al, 1989). This fact is somewhat dif-
ferent from the in vitro situation. It is, how-
ever, not completely surprising since the
level of milk protein gene expression in vi-
tro never reaches the in vivo level. It sug-
gests that, in vivo, and not in vitro in most
of the experimental conditions (Hobbs et
al, 1982; Banerjee and Antoniou, 1985;
Houdebineet al, 1985; Houdebine, 1986;
Devinoy et al, 1988; Shamay et al, 1988),
progesterone strongly repress, WAP and
(3-lactoglobulin genes, such as casein

genes. The marked effect of cortisol injec-
tions on the expression of (3-lactoglobulin
gene in pregnant ewes (Gaye et al, 1986)
might result, at least in part, from a compe-
tition between progesterone and cortisol.

It is, of course, difficult to speculate on
the mechanism of action of lactogenic hor-
mones on milk protein genes as long as
their promoters are not known in more

detail. It is tempting, however, to imagine
that casein genes, which are the typical
milk protein genes expressed abundantly
and exclusively in the mammary gland of
all mammals, have gained a strong and
specific hormonal regulation during evolu-
tion. On the contrary, WAP and /3-
lactoglobulin genes, which are members of
gene families expressed in tissues other
than the mammary gland, may be consid-
ered as &dquo;occasional&dquo; milk protein genes.
Their regulation in the mammary gland
may have been reduced to a minimum:

specific expression in the mammary gland
and repression in non-lactating females.
Further studies on promoter structure and
function are, of course, necessary to es-
tablish whether this hypothesis is correct.
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