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ACTINOMYCIN D AND LACTOGENIC HORMONES MODULATE CASEIN
GENE EXPRESSION IN BOVINE ACINAR CULTURE
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Introduction

The purposes of this research were 1) to study
the relationship between milk protein mRNA
accumulation and milk protein secretion in acinar
culture as influenced by actinomycin-D (ACT-D)
and 2) to examine the effacts of various combina-
tions of Jactogenic hormones on milk protein
gene expression in acinar cultures of lactating
bavine mammary tissue.

Materials and Methods

Mammary Acinar Culture

Mammary tissue was collected at slaughter
from mid-lactation Holstein cows, trimmed free
of large pieces of connective and adipose tissue,
and transported to the laboratory on jee (transmit
time of 15 min). Isclation and culturing of acinar
mammary epithelial cells were done(Park et al.
1979).

The cells were plated on plastic tissue culturc
dishes {approximately 10% cells/dish). The basic
culture medium was Eagle's 1X MEM (Eagle,
1959) with 0.2% (wt/vol} glucose, 5% {val/vol}
fetal bovine serum and antibiotics.

Four culturc dishes were set up for each obser-
vation with contents pacled after 18 hours incuba-
tion for protein secretion and mRNA determina-
tion. The *H-lysine (0.5 p Cifml) was added tao cul-
ture medium to determine in vitro secretion of
milk protein.

A series of bovine acinar epithelial cell culture
studies were conducled. Studics involved: 1)
increasing  concentration of ACT-D (0,1,2,4,10
ug/ml) on presence of lactogenic hormones (in-
sulin, 10 gg/ml + hydrocortisone, 10 pg/ml + pro-
lactin, 5 pg/ml) and 2) various combination of
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lactogenic hormones {control, insulin, hydrocor-
tisone, prolactin, insulin + hydrocortisone, in-
sulin + prolactin, prolactin + hydrocortisone,
insulin + prolactin + hydrocortisane).

Quantification of mRNA

Bovine f-casein complementary DNA (cDNA)
clone (Choi, 1987) was used to determine the rela-
tive specific activities of total cytoplasmic mRNA
of casein genes.

Total cytoplasmic RNA was extracted (White
and Bancroft, 1982) from cells in acinar culture.
After ethanol precipitation, RNA was quanti-
fied and dotted directly onto a nitrocellulose
sheet employing a 96-well filteration manifold
(Schleicher and Schuell} (Choi, 1987). The sheet
was baked in vacuo at 80°C far 2 h (Wiens et al
1987), scaled in a plastic bag, and stored at 4°c
until hybridization. Nick translation (nick transla-
tion kit, Amersham) and hybridization were essen-
tially as described by Marmatis et al. (1982), Nick
translated 2P cDNA was recovered by column
chromatography separation on Sephadex G-50Q.

RNA dotted nitrocellulose shects were prehy-
bridized 2nd hybridized with the specific nick
translated cDNA (Maniatis et al., 1982). After
hybridization to the appropriate probe and sub-
sequent washing, the nitroccliulose shects were
dried. An autaradiogram was prepared by ex-
posing the dried nitrocellulose sheet o XAR-5
X-ray film (Eastman Kodak Co.) at -70°C for 36
h. The extent of hybridization was determined by
a scanning densitomctry {Hoeffer Scanning Densi-
tometer GS 300, Hoefer Sci. Ins.).

Results and Discussion

The table 1 and autoradiogram in figure 1 show
the effect of increasing concentrations of ACT-D
on the induction of f-casein mRNA of mammary
acinar epithelial cells in culture. ACT-D concentra-
tion ranging from 0 to 10 ug/ml of cnlture
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Figure 1. Effect of increasing concentrations of
ACT D on the induction of bovine §-
casein mRNA level.

medium significantly decreased accumulation of
B-casein mRNA for an 18 h incubation in the pre-
sence of all three lactogenic hormones.

Addition of ACT-D to culture media at a level
of 1 ug/ml inhibited protein secretion by 52% over
control levels. At 10 ug/ml ACT-D this inhibitory
effect was much more pronounced, amounting to
87% of control value (table 1),

The inhibition of mRNA synthesis by ACT-D
coincides with the decreasing of milk protein
secretion (table 1). It is then possible to correlate
B-casein mRNA level with the amount of milk
protein secreted.

To determine the possibility that lactagenic
hormones induce the accumulation of specific

TABLE 1. INFLUENCE OF ACTINOMYCIN-D ON BCASEIN mRNA ACCUMULATION AND MILK PRO-
TEIN SECRETION IN BOVINE MAMMARY ACINAR CULTURE?

Actinomycin-D (ugfml)

Parameter 0 1 2 4 10
f-casein mRNAb 734.2 3134 155.6 52.8 243
{Specific activity)

Protein secretion® 54.3 26.7 15.4 10.5 7.1

(dpm/mg protein x 1072)

2 Acinar celis isolated from lactating bavine manmmary tissuc were plated at a density of I x 108 cells/dish
and incubated for 18 h in the culture medium confaining concentrations of ACT-D in the presence of lactogenic
hormones {insulin (10 ug/ml + hydrocortisone (10 pg/ml) + prolactin (5 ug/mi].

hSpeciﬁc activity = relative intensity/iotal cytoplasmic RNA extracted from pooled cells of four dishes.
Relative intensity was determined by scanning densitometry of individual dots on autoradiograms. Data were
calculated from the midpaint of linear regression equations; Each value is the mean of 2 observations with 4

culture dishesfobservation.

CEach value is the mean of 3 observations with 4 culture dishesfobscrvation,

milk protein mRNA and subsequent gene ex-
pression of milk protein, cells were cultured in
media containing various combinations of hor-
mones (table 2). Data clearly indicate that lactat-
ing mammary acinar epithelial cells in culture
maintain the hormone-inducible milk protein
gene expression as seen in the value of milk pro-
tein sccretion as well as messages for §-casein.

The amount of secreted protein was increased
as much as 1.1 fold in cultures with hydrocorti-
sonc alone; 1.8 fold with prolactin alone; and 3.8
fold with prolactin plus hydrocortisone over that
of cultures without added hormones. The com-
bination of three lactogenic hormones augmented
the amount of secreted protein more than 1.7
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fold relative to that found in acinar cultures with
insulin plus prolactin, but only 1.1 fold compared
to cultures with prolactin plis hydrocortisone
(table 2). This suggests that hydrocortisone in the
presence of prolactin amplifies the lactogenic
action of mammary cpithelium.

Al parameters in this study support that hype-
thesis that maximum induction of f-casein mRNA
and milk protein secretion in acinar culture from
the lactating mammary tissue can occur in the
presence of three hormones, in accord with the
results of mammary explant studies from intact
mice and rats {Guyette et al., 1979; Hobbs et al,,
1982; Taketani and Oka, 1986).

It was observed that the potentiation of milk
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TABLE 2, THE EFFECT OF INSULIN, HYDRQCOR-
TISONE AND PROLACTIN ON THE
AMOUNT OF SECRETED PROTEIN AND
CASEIN mMRNA IN BOVINE ACINAR
CULTURE?

Sccieted

Trealmentd ﬂ\cnsain mRNA

protein®

dpm/mg x 1472 Specilic activityh

Cantrol 16.9 1553
1 18.6 170.8

H 1R.8 174.2

P 304 4038
I+H 22.0 198.7
1+P 41.7 434 .8
P+ H 642 7239
1+P+H 69.3 869.7

a,b.cyee lable 1.
dabbreviations: 1= insulin (10 pg/mb); H = hydrocor
tisane (10 pg/ml); P = pralactin (5 gg/ml).

protein synthesis by lactogenic hormones is
accompanied by an increase in f-casein mRNA
concentration (table 2). The accumulation of §-
casein mRNA in acinar culfure was increased
more than 2.6 fold by prolactin zlone, 2.8 fold
by prolactin plus insulin and about 4.7 fold by
prolactin plus hydrocortisone, The combination
of three lactogenic hormones increased the accu-
mulation of fB-casein mRNA more than 1.2- and
2.0- fold, respectively, compared to cultures with
prolactin plus hydrocortisone or prolactin plus
insulin

Resulfs of the present work also indicate that
prolactin, even in the absence of insulin and/ar
hydrocortisone, Is capable of inducing the secre-
tion of a copious amount of milk protein. This
effect was correlated with an increase of f§-casein
mRNA concentration. Prolactin has been shown
to be mammogenic in vitro and in vivo, but its
primary role may actually be in lactogenesis.

Qur results demonsirate that lactating mam-
mary epithelial celis in acinar culture require all
three lactogenic hormones.

(Key Words: Casein Messenger RNA | Milk Protein
Gene Expression, Acinar Culture, Actinomycin-D,
Lactogenic Hormaone, Protein Secretion)

434

Literature Cited

Choi, Y.J. 1987. The rcgulation of mammary
differentiation and milk protein gene expres-
sion. Ph. D. Diss., North Dakota State Univ_,
Fargo,

Dcpamur, R. 1974, Ribonucleic acids and ribonu-
clec protein particles of the mammary gland.
pp.413-465 in Lactation Vol. 1,B.I.. Larson
and V.R. Smith, ed. Academic Press, Inc.,
New York and London,

Eagle, H. 1959. Amino acid metabolism in mam-
malian cell cultures. Science 130:432,

Guyette, W.A,, R} Matusik and J M. Rosen.
1979. Prolactin-mediated transcriptional and
post-transcriptional control of casein gene
expression. Cell 17:1013.

Hobbs, A.A., D.A. Richards, D.]. Kessler and
J M. Rosen, 1982, Complex hormonal regula-
tion of rat casein gene expression. J. Biol
Chem. 257:3598.

Li, M.L,, J. Aggeler, D.A. Farson, C, Hatier, J.
Hassell and M.J. Bissell. 1987. Influence of a
reconstituted
comiponents on casein pene expression and
secretion In mouse mammary epithelial cells.
Proc. Natl. Acad. Sci. 84:136.

Maniatis, T., E.F, Fritsch and J. Sambrook. 1982,
Molecular cloning: A laboratory manual.
Cold Spring Harbor Laboratory, Cold Spring
Flarbor, NY.

Park, C.8., J.J. Smith, M. Sasaki, W.N. Eigel and
T.W. Keenan. 1979. Isolation of functionally
active acini from bovine mammary gland. J.
Dairy Sci. 62:537.

Taketani, Y. and T. Oka. 1986. Hormonal reguia-
tion of the synthesis of casein and o-lactal-
bumin in a primary mammary ccll culture
system. Horm. Metabol. Res. 18:119.

White, B.A. and F.C, Bancroft. 1982, Cytoplasmic
dol hybridizatlon; Simple analysis of relative
mRNA levels in multiple small cell or tissue
samples. J. Biol. Chem. 257:8569.

Wiens, D.V., C.8. Park and F.E. Stockdale. 1987,
Milk protein expression and ductal morpho-
genesis in the mammary gland in vitro: hor-
monc-dependent and -independent phases
of adipocytes-mammary cpithelial cells inter-
action. Dev. Biol. 120:245.

basement membrane and jts



