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Euthyroid Status Is Essential for the
Perinatal Increase in Thermogenin mRNA
in Brown Adipose Tissue of Rat Pups
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SUMMARY: The amount of mRNA coding for the brown-fat specific, uncoup-
ling protein thermogenin was followed perinatally in fetuses and newborns
from normal and hypothyroid rat dams., Although the growth of the fetuses
and newborns was normal in the hypothyroid group, they had a lower amount
of thermogenin mRNA already in-utero, and the dramatic postnatal increase in
thermogenin mRNA was ncarly completely abolished. It is concluded that the
euthyroid state is essential for the regulation of the expression of the ther-
mogenin gene. o 1987 Academic Press, Inc.

Newborn hypothyroid rats are less resistent to cooling than are normal
newborns (1), and it has been envisaged that this defect in thermoregulation
may at least in part be due tc a diminished heat production from the brown
adipose tissue of these rats (for general review of this tissue in newborns,
see (2)). This view is supported by the fact that administration of norepine-
phrine to brown adipose tissue slices from hypothyroid rat pups does not lead
to the expected stimulation of lipolysis (3) which is seen in controls. Similar-
ly, norepinephrine to a large extent loses its ability to increase respiration in
brown fat cells isolated from hypothyroid fetal sheep (4). However, dibutyryl
cyclic AMP is able, at least to a certain extent, to stimulate lipolysis and
respiration in cells and tissue from hypothyroid newborns (3, 4). These
observations have led to the view that the main effect of hypothyroidism is an
impairment in the function of the adrenergic receptor system.

In the present investigation, we have studied the significance of the
thyroid status for the perinatal recruitment of brown adipose tissue, i.e. for
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the incrcased expression of the brown-fat specific, uncoupling protein ther-
mogenin in these mitochondria. The amount of this protein increases markedly
in the first days after birth in the rat (5). We conclude that thyroid hormone
is essential not only for mediation of the acute thermogenic signal (norepine-
phrine) but also for the proper perinatal recruitment of therinogenin, as the
level of thermogenin gene expression in hypothyroid animals is much de-

creased.

MATERIALS AND METHODS

Animals

Pregnant Sprague-Dawley rats were obtained ifrom Alab, Stockholm, with
the day of appearance of the vaginal plug bein% taken as day zero of gesta-
tional age. The pregnant rats were housed at 22°C,

From day 14 of gestational age, some of the pregnant rats received 0.02%
methimazole (= MMI) (Sigma) in the drinking water.

Croups of two or three pregnant rats were sacrificed under ether anest-
hesia on days 20, 21 and 22 of gestation, the uterus was dissected out, and
fetuses were obtained, separated from the placenta, and weighed. Fetal brown
adiposc tissue was dissected out and immediately frozen on dry ice. The
brown adipose tissue from five to six fetuses was pooled.

Brown adipose tissuc from newborn pups was obtained on day zero

12-2¢ h after birth), and on days 1 and 2 after birth. On each day, four
pups were taken from ecach dam, weighed, and brown adiposc tissue dissected
out as described for fetal samples. The tissue from two pups was pooled. At
least 8 pups were kept in cach litter.

Thermogenin mRNA estimation

Total RNA was prepured from the frozen tissues as already described
(6). The amount of thermogenin mRNA was analyzed by slot blots as previ-
ously described with a nick-traneslated ¢DNA probe for thermogenin mRNA
(7). After exposure, the intensity of the blots was evaluated in a laser
densitoneter,

RESULTS

Fetal and neonatal develupuaent

To induce hypothyrodism in the rat fetuses ané newborns, the dams
were treated with methimazole in the drinking water. This treatment is known
to cause maternal and fetal hypothyroidism, blocking fetal thyroid gland
functionn as well as thyroid hormone production, and depleting most fetal
tissues of thyroid hormones (8, 9). In the present study it was checked that
fetal thyroids from methimazole-treated dams were enlarged and hyperemic,

Fig. 1 shows the body weight of the fetal and newborn pups from cont-
rol an¢ methimazole-treated dams. It is seen that there was no growth retar-

dation due to the methimazole treatment.

Amount of thermogenin mRNA

The analysis of the amount of thermcgenin mRNA is shown in Fig. 2. It
is eeen that in control animals, the fetal levels of thermogenin mRNA are low,

although clearly above background, at a level similar to that found in the
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Fig. 1. Effect of hypothyroidism on perinatal rat growth,
Pregnant rats were treated with methimazole (MMI) as described in Materials

and Methods. Values are the means and S.E. of the body weights of 20-37

fetuses or 7-15 newborns, from 2-4 litters.
Fig. 2. Effect of hypothyroidism on the level of thermogenin mRNA in develo-

ping rat pups.
RNA samples obtained from 6 rat fetuses or 2 newborn rats were analy-
sed for the amount of thermogenin mRNA. Values are means + S.E. from 4-6

samples.

adult rat at 28°C (i.e. the gene is being expressed even in-utero). After

birth, therc is a very sharp risc in the amount of therwogenin mRNA. The

maximal level is observed already 12-20 h after birth, with a postpartum
reached arc similar te those

increase in levels of zbout 10-fold. The levels
OC. In

obtained in brown adipose tissue from adult rats exposed overnight to 4
prelininary experiments we have observed that the amount of thermcgenin
mRNA is still low during the first 3-4 h after birth (18); this is surprising
as the level rises very quickly (in less than 1 h) if adult animals are exposed
to cold (6, 7, 11, 12), Thus, the postnatal increase in thermogenin mRNA
expression occurs as a single step in the time interval from 4 to 12 h after
birth, and then remains at this elevated level for at least several days (a few
animals tested at day 3 still showed the same level). This pattern is princi-
pally in agreement with a recent report where mRNA levels were estimated
perinatally (13), The pattern is also in good agreement with what is known
about the postnatal increase in the amount of thermogenin in brown adipose
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tissue mitochondria, which continues to increase during the first 4-5 days
after birth (5).

Effect of hypothyroidism on the amount of thermogenin mRNA
The effect of hypothyroidism on the thermogenin mRNA levels during the

fetal and neonatal period is also shown on Fig. 2. Two important features are
evident:

Firstly, it is clear that the marked postnatal increase in thermogenin
mRNA levels is much blunted in the hypothyroid animals. In fact, 12-26 h
after birth, when the maximal level has already been reached in control
animals, the level of thermogenin mRNA in the hypothyroid animals is still
only at the level found in-utero in normal rats. From this it can be concluded
that the postnatal recruitment of the thermogenic machinery in the hypothy-
roid state is much diminished and retarded, and that the low thermogenic
capacity of hypothyroid newborns results not only from an inability of the
acute sympathetic signal to reach the cell interior and activate the mitochon-
dria (lack of functionally coupled adrenergic receptors) but also from a much
decreased amount of the rate-limiting factor for thermogenesis (14): the
amount of thermogenin,

Secondly, it is seen that already at the late fetal stage, hypothyroidism
leads to a decreased amount of thermogenin mRNA. This implies that the
amounit of thermogenin mRNA observed in-utero is not a constitutive level,
representing the lowest level of thermogenin in differentiating brown fat cells.
Rather, there are apparently, already in the fetus, hormonal or neuronal
factors which regulate and induce the amount of thermogenin mRNA being

produced in the tissue.

DISCUSSION

Vie have here shown that maintenance of the euthyroid state is essential
for normal postnatal recruitment of brown adipose tissue to occur, i.e. for
induction of the expression of the gene coding for the brown-fat specific,
uncoupling protein thermogenin. This decrease in induction undoubtedly leads
to a reduction in the amount of thermogenin protein found in the mitochond-
ria, in agreement with recent results from thyroidectomised adult rats exposed
to cold (15).

The mechanism by which thyroid hormones exert this effect on gene
expression is currently unclear. There are thyroid receptors in the tissue
(16, 17), and the effect of thyroid hormone may of course be mediated via
these and be directly on the expression of the gene. However, it appears

that thyroid hormones - at least in adult animals - are essential for mainte-
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nance of B-adrenergic receptor density (18). In this respect, it can be poin-
ted out that there is evidence that adrenergic stimulation is involved in the
control of the expression of thermogenin (7, 11-13, 19). If this is the case,
hypothyroidism may lead to the consequences presented here via inducing a
chronic absence of the intracellular signal for thermogenin mRNA synthesis,
normally mediated via the g-adrenergic receptor.

The observation presented here of a positively regulated level of thermo-
genin mRNA already in-utero in the rat may also have implications for the
presently unsolved question of how the recruitment process is regulated in
so-called precocial newborns (2), i.e. newborns that are born with (or at
least very rapidly postnatally obtain) a very high amount of thermogenin
protein (such as the guinea-pig (20)) and that also have high thermogenin
mENA in the feta! state (such as the rabbit (21)). Based on the data presen-
ted here, it would seem that even in the altricial rat, in which brown-fat
recruitment appears to be induced after birth, the tissue must be considered
to be under stimulatory influence already in-uterc. Thus, what is seen in the

precocial newbcrns may be an augmentation of this process.
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