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1. INTRODUCTION 2. MATERIALS AND METHODS 

cy-Lactalbumin and casein are the major milk 
proteins produced by differentiated mammary 
epithelial cells. The synergistic actions of insulin, 
cortisol and prolactin stimulate the accumulation 
of these milk proteins in organ culture of the 
mouse mammary gland [l]. Several lines of 
evidence have been presented to indicate that the 
production of the 2 milk proteins are regulated dif- 
ferently by the interplay of hormones and some in- 
tracellular regulatory substances such as cyclic 
AMP and prostaglandins [2-41. Thyroid hor- 
mones have been shown to stimulate the activity of 
a-lactalbumin in the lactose synthetase system but 
not the incorporation of inorganic phosphate into 
casein in cultured tissue [5]. However, it has not 
been determined whether the increase in the activity 
of o-lactalbumin is due to activation or enhanced 
synthesis of the protein. Moreover, the previous 
assay for casein does not allow one to assess the ef- 
fect of hormone on the synthesis of casein, that 
may be different from its phosphorylation. Here, 
the effect of thyroid hormone on the synthesis of 
the two milk proteins and the acccumulation of 
their mRNA level has been investigated. The data 
demonstrate that thyroid hormone selectively 
augments the synthesis and the mRNA level of 
cY-lactalbumin without affecting those of casein in 
cultured mammary gland. 

C3H/HeN mice in day lo-12 of pregnancy were 
obtained from the Animal Breeding Facility (Na- 
tional Institutes of Health). Bovine prolactin (NIH 
BS) was obtained from the Hormone Distribution 
Program (National Institutes of Health). Crystal- 
line porcine zinc insulin was a generous gift from 
Lilly Research Laboratories. Cortisol and L-tri- 
iodothyronine were purchased from ICN Pharma- 
ceuticals. 
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Mammary gland explants were prepared from 
abdominal glands and cultured as in [6]. The 
amount of a-lactalbumin in the cultured tissue was 
determined by a modified method of [7], using 
pure bovine o-lactalbumin as the standard [8]. The 
rate of a-lactalbumin synthesis and casein syn- 
thesis was measured by pulse-labeling cultured 
mammary explants with 100 @/ml [3H]leucine 
(spec. act. 145 Ci/mmol) in medium which had the 
same composition except unlabeled leucine at the 
indicated time. The amount of isotopically labeled 
cr-lactalbumin and casein was determined by im- 
munoprecipitation with rabbit antibody against 
purified mouse milk a-lactalbumin and casein as in 
[2,9]. The rate of total protein synthesis was deter- 
mined by measuring the acid-insoluble radioactivi- 
ty of [‘Hlleucine in the 105 000 x g supernatant 
fraction as in [2]. The amount of mRNA for (Y- 
lactalbumin and casein was determined by measur- 
ing the amount of [3H]leucine (200 ,uCi/ml, spec. 
act. 52 Ci/mmol) incorporated into nascent 
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polypeptides of the 2 proteins in a cell-free transla- 
tion of poly (A)-rich RNA extracted from cultured 
tissue as in [9]. 

3. RESULTS 

The level of cY-lactalbumin was low in mammary 
explants cultured with insulin alone or insulin and 
cortisol 121, but was elevated 3-5fold by the addi- 
tion of prolactin with insulin. Addition of 0.01 pg 
cortisol/ml with insulin and prolactin caused a fur- 
ther increase in cr-lactalbumin. However, addition 
of 1 pg cortisol/ml had an inhibitory effect [2]. 
The addition of L-triiodothyronine stimulated the 
accumulation of cY-lactalbumin induced by insulin 
and prolactin or insulin, prolactin and the two con- 
centrations of cortisol (fig. 1A). The addition of 
L-triiodothyronine with insulin caused virtually no 
increase in the amount of a-lactalbumin in 
cultured tissue. L-Triiodothyronine alone, or in 
combination with either cortisol or prolactin or 
both hormones were ineffective in augmenting the 
accumulation of cY-lactalbumin (not shown). The 
time course study indicated that the stimulatory ef- 
fect of thyroid hormone was apparent throughout 
96 h culture and was maximal at 48 h (not shown). 
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In contrast with the accumulation of cr-lactal- 
bumin, L-triiodothyronine had little stimulatory 
effect on the accumulation of casein induced by in- 
sulin and prolactin or insulin, prolactin and cor- 
tisol (fig. 1B). No increase in casein accumulation 
was observed in tissue incubated in the presence of 
insulin and thyroid hormone. 

Addition of L-triiodothyronine increased the 
rate of synthesis of cz-lactalbumin in explants 
cultured with insulin, prolactin and 0.01 pg cor- 
tisol/ml by -2-fold over that in explants cultured 
with insulin, cortisol and prolactin (table 1). 
Thyroid hormone, however, did not increase the 
rate of casein synthesis in explants cultured with 
insulin, cortisol and prolactin. The rate of total 
protein synthesis was also not affected by thyroid 
hormone (not shown). These results indicate that 
thyroid hormone stimulates selectively the synthe- 
sis of a-lactalbumin in cultured mammary tissue. 

Addition of L-triiodothyronine resulted in en- 
hancement of the level of mRNA for a-lactal- 
bumin in explants cultured with insulin, prolactin 
and cortisol (table 2). The extent of increase was 
-Zfold, as in the case of the rate of a-lactalbumin 
synthesis. Thyroid hormone, however, did not 
augment the increase in casein mRNA that was in- 

Concentration of Cortisol (pglml) 

Fig. 1. The effect of L-triiodothyronine on the accumulation of (A) a-lactalbumin and (B) casein in mammary gland 
explants in culture. Mammary explants from midpregnant mice were cultured for 48 h in medium containing insulin 
and L-triiodothyronine (IT3, A ) or insulin and prolactin (IP, 0) or insulin, prolactin and L-triiodothyronine 
(IPT3, 0) in the presence of the indicated concentrations of cortisol. Both insulin and prolactin were used at 5 pg/ml. 
L-Triiodothyronine was used at 10m9 M. The amount of ar-lactalbumin and casein synthesized were determined as in 

section 2. Each point represents the average of 3 determinations with standard error that varied <6%. 
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Table 1 Table 2 

Effect of L-triiodothyronine on the rate of synthesis of 
cr-lactalbumin and casein in cultured mammary gland 

Effect of L-triiodothyronine on the accumulation of 
mRNA for cu-lactalbumin and casein in cultured 

mammary gland 
Culture Rate of synthesis 
condition (cpm . g tissue-‘. h-‘) 

cr-Lactalbumin Casein 

Uncultured tissue 350 283 x 10’ 
Insulin + cortisol 120 117 x lo2 

+ prolactin 2459 1980 x 10’ 
+ L-triiodothyronine 5085 2002 x lo2 

Mammary explants from midpregnant mice were cul- 
tured in medium containing the indicated combinations 
of hormones for 48 h. The rate of synthesis of ar-lactal- 
bumin and casein was determined at 46-48 h culture as 
in section 2. Cortisol was used at 0.01 pg/rnl. Each value 
represents the average of 3 determinations that varied 

< 9%. Other details are given in fig. 1 

Culture mRNA accumulation 
condition (cpm . g tissue-‘) 

a-Lactalbumin Casein 

Uncultured tissue 1.33 x 104 1.97 x lo6 
Insulin + cortisol 1.20 x lo4 1.83 x lo6 

+ prolactin 9.23 x 104 21.29 x lo6 
+ L-triiodothyronine 19.37 x lo4 22.53 x lo6 

Mammary explants from midpregnant mice were cul- 
tured in medium containing the indicated combinations 
of hormones for 48 h. The amount of mRNA for 
cr-lactalbumin and casein was determined as in section 2. 
Cortisol was used at 0.01 pg/ml. Each value represents 
the average of 3 determinations. Standard error was 
<7% for each value. Other details are given in fig. 1 

duced by insulin, prolactin and cortisol. 
When the effect of thyroid hormone on the in- 

corporation of [3H]uridine into total RNA was 
measured, there was no apparent stimulation of 
total RNA synthesis. Thus it appears that thyroid 
hormone exerts selective action on the accumula- 
tion of mRNA for cr-lactalbumin in the mammary 
tissue. 

4. DISCUSSION 

been shown to reverse the inhibitory effect of cor- 
tisol on cz-lactalbumin accumulation without affec- 
ting casein synthesis [4]. However, prostaglandins 
do not augment the accumulation of a-lactalbumin 
induced by insulin and prolactin or insulin, prolac- 
tin and 0.01 pg cortisol/ml [2]. These effects of 
prostaglandins are thus clearly different from 
those of thyroid hormone, indicating that the 2 
agents enhance the production of a-lactalbumin by 
different mechanisms. 

This study has demonstrated that L-triiodo- 
thyronine augments the synthesis of a-lactalbumin 
induced by synergistic action of insulin, prolactin 
and cortisol in cultured mammary gland. This ef- 
fect of thyroid hormone is apparently mediated by 
the increase in the level of mRNA for a-lactal- 
bumin and also is selective in the sense that it exerts 
no appreciable effect on the synthesis and mRNA 
accumulation of casein. In [S], the stimulatory 
effect of thyroid hormone on the activity of a-lact- 
albumin was inhibited by cycloheximide and 
actinomycin in cultured mammary tissue. It is not 
yet known whether thyroid hormone stimulates 
selectively the transcription of mRNA for a-lactal- 
bumin or enhances its half-life. 

Here we have shown that thyroid hormone does 
not affect the synthesis of casein. This indicates 
that the stimulatory action of the hormone on 
cY-lactalbumin accumulation is not due to a general 
increase in metabolic activity of cultured tissue, as 
suggested in [5]. 

In contrast with this report and [5], thyroid hor- 
mone has been shown to stimulate casein synthesis 
in cultured mammary gland from pseudopregnant 
rabbits [lo]. However, the rabbit system is dif- 
ferent from the mouse system such that the former 
does not require glucocorticoid for induction of 
casein synthesis [lo]. Thus it is conceivable that the 
action of thyroid hormone on the production of 
milk proteins may differ among various species. 

In [2], cortisol at 0.01 pgg/ml stimulated the ac- 
cumulation of cr-lactalbumin induced by insulin 
and prolactin but the steroid at higher concentra- 
tions inhibits this process. Prostaglandins have 

The finding that thyroid hormone can selectively 
augment the synthesis and mRNA accumulation of 
a-lactalbumin lends further support for the view 
that the hormone plays a modulatory role in the 
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control of lactogenesis [5]. The data are also im- 
portant for delineating the complex regulatory 
mechanism involved in functional differentiation 
of the mammary gland. 
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