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The aim of Whis study was to examine, using semiquantilalive reverse transevifitease—polymerase
chain reaction (RI=PCR) the changes in mRNA expression of the two estragen veceptor (ER) sub
types, LR and ERS, prolactin seceptor long and short form, and progesterone (Pg) reeepior (Pgi),
in fiver and mammary gland durving gestation, early loctation, and weaning in both hyperthyroid
(HT} aned nowmal vais. Pregnaney increased fong prolactin receplors (PRE-R, ) and ERa mRNAs
in liver and PRE-Ry in mammary gland, Lactation decreased PRE-Ry in liver and ERS and Pght
in mevmmary gland. HT decreased PRIL-R; at the end of preegmvney (G21), FERer (in G210 and L.1)
in diver and PRL-By in L1 as well as shovt frolactin veceptors (PRI-R,) (G7, L1) and ERB (67,
G, LA) in mammary gland. In conclusion, our data indicated that

I PRE-RI and ERea expression levels are differentially vegulated in the liver, and Pglt and ERG
i mamenery gland during pregnancy and lectation

2 ERE is vaviably expressed depending on the state of theyroid hormones, however the ERee gene
exfression remained constant in wmammery gland.

7 OPRE-RI mRNA expression is fighly induced in the menniery gland during late frregnetiney
and alwupily declines on the first day of lactation for the HT vats,

Keywords L-thyroxine, RT-PCR, liver, mammary gland, pregnancy, lactation

INTRODUCTION

Thyroid hormones participate in numerous processes such as growth,
maturation, development, and metabolism of most tissues (1). Thyroid
disorders have been implicated in a variety of reproductive problems,
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including ovulatory failures and cycling abnormalities (2,3) and two in
every 1,OOO pregnant women have some degree ol hyperthyroidism. Most
of the symptoms of hyperthyroidism (HT) are attenuated during preg-
nancy, but there is a marked rebound after delivery. This rebound may
have a negative impact on infant development (4). In rats, pregnancy
attenuates some of the metabolic effects of hyperthyroidism (5). On the
other hand, daily thyroxine (T) given at two dose levels, (1 and 0.25 mg/
kg/day), started approximately 10-15 days before mating in rats, pro-
voked an advancement in luteolysis, lactogenesis, and parturition of
roughly halt a day (6,7). Delivery and maternal behavior were impaired
and the mothers were unable to nurse their young, although they allowed
themselves to be suckled (6). We also found that hyperthyroidism pro-
duced alterations in the mammary and liver expression of insulin-like
growth factors (IGFs) and their binding proteins (8), that could be
related to the impairments in lactation as well as to the changes observed
in tissue metabolism and growth (5,6). Moderate hyperthyroidism,
induced by a lower daily dose of T, (0.1 mg/kg/day) allowed the mothers
to lactate, but the growth of the litters was reduced and mammary func-
tion was affected, with premature signs of involution (9).

We have shown (7) that chronic T, regimens increased PRL binding
and decreased estrogen and progesterone binding in mammary tissue
measured on day 20 of pregnancy (G20) when measured by the radio-
receptor assay. We also found decreases in liver PRL and GH binding
and mRNA expression of PRL and GH receptors in G20 (7). Although
some of these changes may be due to the advancement in luteolysis and
lactogenesis (6,7), they may also reflect alterations in the patern of
receptor expression produced during earlier stages of pregnancy.

In the mammary gland, both ERa and ERP are expressed (10). The
interaction between the two receptors in individual cells may be very impor-
tant for the total effect of estrogen on the whole tissue. Saji et al. (11) have
shown that ERB protein expression at various stages of mammary gland
development was not always paralleled by changes in ERB mRNA. In lacta-
tion, although ERB mRNA increases, ERB protein decreases. This suggests
the existence of post-transcriptional or post-translational regulatory mecha-
nisms. PgRs are also expressed in mammary glands, where they act as
negative regulators of estrogen action and block lactogenesis during
pregnancy.

Both forms of PRL=R mRNA, long and short, have been identified in
the mammary gland. Their expression varies during pregnancy and lacta-
tion and is negatively regulated by progesterone at the end of lactation
(12,13). Mammary PRL-R expression increases at the end of pregnancy
and achieves its highest values during lactation, while in liver there is a
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constant increase during pregnancy, followed by an abrupt fall postpar-
tum (12). d

There are reports that examined potential estrogen-thyroid hormone
interactions on the regulation of the transcription from target genes and
may underlie alterations in reproductive behavior (14).

The aims of the present investigation were to examine whether the
changes produced by hyperthyroidism in liver and mammary hormone
binding at the end of pregnancy (7) are paralleled with changes in the
expression ol the different forms of the receptors, and whether these
changes are also seen at early stages of pregnancy. We determined the rela-
tive (to 516) expression and developmental changes of ERa, ERP, PRL-R.,
PRL-R; and Pg-R genes in the rat liver and mammary gland during preg-
nancy and early postpartum using semi-quantitative PCR.

MATERIALS AND METHODS
Chemicals

L-Tetraiodothyronine (T,) was a generous gift from Glaxo (Buenos
Adres, Argentina). All the other chemicals were of reagent grade and were
obtained from Merck Laboratory (Buenos Aires, Argentina).

Animals and Experimental Design

Adult female Wistar rats bred in our laboratory, three to four months
old and weighing around 200 g at the onset of treatment, were used. The
rats were kept in a 22-25°C controlled environment with a light-dark cvele
of 12 hours each. Rat chow and tap water were available ad libitum. Hyper-
thyroidism was induced by daily s.c. injection of T, at a dose of 0.25 mg/Kg
body weight dissolved in 0.9 % NaCl and alkalinized with NaOH wo pH 9.
The presence of spermatozoa in the vaginal smear the moring after caging
with a fertile male in the night of pro-estrus was indicative of pregnancy and
this day was counted as day 0 of pregnancy. The rats were mated 8-10 day
alter the start of the treatments.

Groups of T, or vehicle-treated rats were sacrificed by decapitation at
1200 hours on estrus after 18 or 35 davs of treatments, on davs 7, 14 and 21 of
pregnancy (G7, G14, G21) or on the first day postpartum (L1}, Since the lit-
ters of hyperthyroid rats rarely survive after the first day post-partum, other
groups of T4- or vehicle-treated rats were isolated from the litters the day
after delivery and sacrificed on the fourth day post-partum, to investigate the
expression of the different receptors after premature weaning (L4). The liv-
ers and inguinal mammary glands from the dams were immediately excised,
frozen on liquid nitrogen (-196°C), and stored at 80°C for RNA preparation.
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BNA Isolation

Total RNA from mammary glands and liver were prepared from the
frozen samples using the guanidinium isothiocyanate-acid phenol
method (15) as modificd by Puissant and Houdebine (16), The RNA
was analyzed by denaturing agarose gel electrophoresis before use to
verify integrity. The amount of RNA recovered was measured by UV
spectrophotometry.

Semi-Quantitative RT-PCR Analysis

One to three micrograms of total RNA were reverse transcribed an
42°C using random hexamer primers and Moloney murine leukemia
virus RT (Invitrogen Life Technologies, Buenos Aires) in a 20 pl reac-
tion mixture. Two pl of the reverse transcription reaction mix were
amplified with primers specific for rat ERa, ERB, PRL-R;, PRL-Rg and
PgR (Table 1), as previously reported (Telleria et al., 1998, and Clarke
et al. 1993). The 516 ribosomal protein gene was used as internal con-
trol. All reactions were carried out Tor 35 cycles and then terminated
with a 5 minute extension at 72°C. The conditions were such that the
amplification of the products was in the exponential phase and the
assay was linear with respect to the amount of input RNAD RNA samples
were assaved Tor DNA contamination by PCR without prior reverse tran-
scription. The PCR products were analyzed on 2% agarose gels contain-
ing (L5 wg/ml ethidinm bromide and photographed with a Polaroid
camera. Band intensities of RT-PCR products were quantified using
NIH Image software. Relative levels of mRNA were expressed as the
ratio of signal intensity for the target genes relative wo that for the ribo-
somal protein S16 cDNA.

Statistical Analyses

Significant differences among means were considered ata level of P < 0.05
and identified by one-way or two-way ANOVA and 1 test. In all cases, the
variances were homogeneous.,

RESULTS

Regulation of PRL-R_ and PRL-Rg mRNA Expression in Liver of
pregnant and Postpartum Rats

Figure 1 shows the evolution of liver prolactin receptors mRNA con-
centrations during pregnancy and the postpartum in control and HT rats
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FIGURE 1 Expression of liver plrll.u'lin receptor forms in control (C) and |[:|.'|]1_']'|]'|!.|'|_|j:| (HY rars elur-
ing days 7, 14, 21 of pregnancy and days 1 and 4 of lactation.

Panels Aand B: Measurement by RT-PCR of expression of $16 and the short or long forms of the prolac
v receptor, respectively. Ethidinm bromide Nuorescence phowgraph of the gel electrophoresis of the
coamplification products: Lane M: molecular weight markers, Panel C: Relative expression of the recep-
tons during pregnancy, posipartum and early weaning. The gel photographs were guantificd using NIH
Image and expressed as arbitrary units. Resulis are expressed as the average ® s.com of @ oups of 4 rats,
S 0005 compared with the respective control groups using twosway ANOVA,

'p < 005 compared with the respective virgin group using two-way ANOVA,

and in virgin rats with 18 or 35 days of T, veatment. In contrast with
previous results obtained with Northern blot analysis, PRL R; was more
readily detectable than PRL Rg (12). Expression of the short form of the
receptor did not vary significantly with reproductive or thyroid status, In
contrast, the long form of the receptor increased in control rats during
pregnancy to a peak on day 21 and fell abruptly in the postpartum, con-
firming previous reports (12). Separation of the pups during three days
(L4 group) had no effect. The T, treatment had no effect on virgin rats,
while the increase observed during pregnancy was attenuated, with a
decrease of 50% approximately on day 21. There were no differences in
the postpartum.
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Regulation of ERc and ER] mRNA Expression in Liver of
Pregnant and Postpartum Rats

Both forms of ER were readily detected in liver, with higher expres-
sion of the o form relative to 516 than of the B form (Figure 2). Further-
more, the expression of ERP was highly variable and was not
significantly modified by the reproductive status or the T, treatment.
ERe mRNA concentration increased significantly on day 21 and
achieved the highest values on day 1 postpartum in controls, with a sub-
sequent fall after 3 days of pup deprivation. These increases were signifi-
cantly diminished in the HT group, while there were no effects of the T,
treatment in virgin rats (Figure 2),

Regulation of PRL-R; and PRL-Rg mRNA Expression in Mammary
Glands of Pregnant and Postpartum Rats

As previously shown, expression of the long form of the PRL receptor
was higher relative to 516 than that of the short form (13). Expression of
both forms was affected by the reproductive state and by T, treatment.
Thus, in controls, the short form increased abruptly on day 1 postpartum,
and fell after 3 days weaning, while the long form showed a progressive
increase during pregnancy, that was significant on the first day postpartum,
and was not affected by weaning. The T, reatment diminished markedly
the increased expression on day 1 postpartum, but the weaning period par-
adoxically produced a recuperation of the relative mRNA concentrations to
values similar to controls (Figure 3).

Regulation of ERc, ER[} and PgR mRNA Expression in Mammary
Gland of Pregnant and Postpartum Rats

In mammary glands, in contrast with livers, the relative expression of
ERa was very low and variable, and there were no significant variations with
reproductive or thyroid status (Figure 4). Concentrations of ERJ were very
high relative to 516, increased in days 14 and 21 of pregnancy with respect
to day 7 and fell on day 1 postpartum. The concentrations increased again
after weaning in the control rats (Figure 4). T, wreatment diminished ERB
on days 7 and 14 of pregnancy, but on day 21 the values had recuperated to
levels similar to controls. There were no differences after delivery, but the
increase observed in the weaned rats was abolished in this group (Figure 4).

PgRs showed the well known decrease in early postpartum that was not
modified after 3 days of weaning (Figure 5). T, treatment had no effect on
the expression ol this receptor.
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g s T, 10 21 of pregnaney amd daws 1 aned 4 of Bactation.

Pane s A and B Measurement by RT-PCR of expression of SHand Estrogen receptor o and [§ respec-
tively. Ethidiom bromide fluorescence photwograph of the gel electrophorvesis of the coamplification
prsedcts; Lane M molecular weight markers, Panel C: Relivive exprossion of the e cptors during
pregiancy, postpartim and carly weaning. The gel photographs were guantificd asing NTH Dnage
anel ¢ xpressed as arbitrary unis, Resols are expressed as the average £ soeom ol groaps of 4 s,

o< 05 compared with the respective control groups psing two-way ANCOVA,

o 005 compared with the vespective virgin group using two-way ANOVA

DISCUSSION

Although the effects of hyperthyroidism are atenuated during preg-
nancy, it has been shown to advance parturition and o be particularly detri-
mental to lactation (6,7). In this study we have investigated the pattern of
expression of ERo, ER[, PRL-R,, PRL-R; and PgR in liver and mammary
gland during pregnancy and early lactation as part of the study on the role
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FIGURE 3 FExpression of mammary profactin receptor forms in control (C) and Hyperthyroid (H) ras
during days 7, 14, 21 of pregnancy and davs 1 and 4 of Lactation.

Panels A and B Measurement by RT-PCR of expression of 516 and the shore or long forms of the profae

tin receptor, respectively, Ethidium bromide Muoweseence photograph of the gel cleciropho esis of the

coamplification products; Lane M molecular weight marckers, Panel C: Relative exp ession of the recep-

s during pregonancy, postparom and carly weaning, The gel photographs were quantified using XIH

T and expressed as arbitrary units, Resulis are expressed as the average £ s.c.m of groups of 4 rats,
p o< 05 compared with the respective control groups using two-wa ANOVA

1= .05 compared with the respective G7 gronp using twoaway ANOVA

of the impact of thyroid hormone excess in mammary gland development
especially during the transition from pregnancy to lactation,

The liver is a major target organ of thyroid hormone. It has been esti-
mated that approximately 8% of the hepatic genes are regulated by thyroid
hormone in vivo and thus the liver is an ideal tissue to study gene regulation
by thyroid hormone. Feng et al. (19) used a quantitative fluorescent cDNA
microarray to identify 2,225 different hepatic genes regulated by thyroid
hormone, but did not include several hormonal receptors. 17B-Estradiol
(Eq). in addition o is various effects as a I'(‘}}Tmllu'lix't' hormone, is a potent
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FIGURE 4 Expression of mammary Estrogen receptor forms in control (C) and Hyperthyroid (H) rats
during days 7, 14, 21 of pregnancy and days 1 and 4 of lactation.

Panels A and B: Measurement by RT-PCR of expression of S16 and Estrogen receptor o and B respec-
tively. Ethidium bromide fluorescence photograph of the gel electrophoresis of the coamplification
products; Lane M: molecular weight markers. Panel C: Relative expression of the receptors during preg-
nancy, postpartum and early weaning. The gel photographs were quantified using NIH Image and
expressed as arbitrary units. Results are expressed as the average * s.e.m of groups of 4 rats.

#p < 0.05 compared with the respective control groups using two-way ANOVA.

*p < 0.05 compared with the respective G7 group using two-way ANOVA.

endogenous antioxidant and its actions on liver are mediated through ERa
and ERP (20). Tang et al. (21) reported that it is also possible that, in the
presence of normal levels of estrogen, clinical hyperthyroidism might alter
the estrogenic responses in target cells since excess thyroid hormones may
mimic the action of E,. Thyroid hormone elevation has been shown to
impair maternal behavior and lactation in rats (6,9). Reproductive behavior
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FIGURE 5 Expression of mammary progesterone receptor in control (C) and Hyperthvroid (H) rats
during dayvs 14, 21 of pregnancy and dayvs 1 and 4 of lactaton. Panel A Measurement by RT-PCR of
expression of 516 and progesterone recepuor. Ethidiom bromide fluorescence photograph of the gel
1'|¢‘L'l|""|?|'lut":"ui-‘u of the amplification products; Lane M: molecular weight markers. Panel B Relative
expression of the receplor during pregnancy, postpartum and early weaning. The gel photographs were
quantificd vsing NIH Image and expressed as arbitrary units. Resulis are expressed as the average 3
w0, 0 O Eroups of 4 s,

"]r < (105 ORIl ed with the respeclive pregnant group using twosway ANOVA,

is controlled by estrogen via the ER and it is possible that reductions in ERs
mediated by the thyroid hormone excess could be responsible for the
observed impairments,

In concordance with results obtained by Pelletier (22) we detected
that ERe is the predominant estrogen receptor in liver at all times ana-
lyzed, and seems 1o be the one subjected to regulation during pregnancy,
since there were no significant variations in ER mRNA concentrations.
Our results are in agreement with our previous studies on the liver (7),
showing a decrease in estrogen binding on day 21 of pregnancy but no
changes in the Kds and serum estradiol. Additionally, estrogen binding is
very low in euthyroid pregnant rats when compared with published values
from virgins (23). The present results show that the decrease in relative
ERc mRNA concentrations between virgin and G14 agrees with these
results, but, in contrast, in G21 and on L1 and L4 we found four to six fold
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increases compared to virgin values. This increase is parallel to, and may
be caused by, the marked increase in circulating E, observed before deliv-
ery (24) since it is well known that E; stimulates the expression of its
receptors. We previously found no effect of T, treatment in liver E, bind-
ing on day 20 of pregnancy (7), which is in contrast with the decrease
observed in ERoc mRNA abundance on day 21 of pregnancy in the hyper-
thyroid rats. These differences may be caused by differential regulation of
mRNA and protein expression, as has been shown for ERB (10,11), plus
differences in down regulation of ER protein after binding to its ligand.
We have also shown that hyperthyroidism decreased circulating GH on
G20 and G21 and produced a modest increase in PRL (6,7). Since these
two hormones regulate ER expression in the liver, with a more important
cffect of GH (25,26), the observed decrease in ER mENA abundance
observed in the hyperthyroid rats on G21 and L1 may be caused by the
marked diminution in serum GH.

The effects of T, on the relative PRL-R mRNA abundances showed vari-
ations similar to those previously observed in liver PRL binding (7), indicat-
ing that the decrease in PRL binding may be a consequence of a decrease in
PRL-R; mRNA abundance. Since hyperthyroidism advances luteolysis and
delivery (6,7), and there is an abrupt fall in liver PRL-R expression after
delivery (12), the decreased PRL-R; expression on G21 in the hyperthyroid
rats may be a direct consequence of the advancement in delivery.

In contrast with the previously observed attenuation of the effects of HT
on liver weight, protein and lipid parameters in pregnant vs. virgin rats (5),
the T, regimen did not modify PRL-R or ER in virgin rats, but had signifi-
cant effects on the end of pregnancy, most markedly on ERa and PRL-R, .

At the end of pregnancy, the pattern of changes in circulating hor-
mones (most importantly, the fall in Pg and increases in PRL and E,) trig-
ger the initiation of milk synthesis (lactogenesis) in the mammary gland,
and prepare the tissue for the subsequent lactation, enabling it to respond
to the suckling stimulus, It has been extensively demonstrated that Pg is the
factor that blocks lactogenesis (27). Thus the fall in circulating Pg after
luteolysis enables PRL or other lactogenic factors to initiate milk synthesis,
partly through induction of PRL-R synthesis (12). This increase in PRI-R
(12) accompanied by a decrease in PgR (28) optimizes the capacity of the
gland to respond to PRL secreted by suckling.

In contrast to liver, the predominant ER in mammary glands was ERJ,
which also showed significant variations during pregnancy and after T, treat-
ment. ERB increased from early to late pregnancy and this increase was delayed
by T, treatment but on day 21 the values were similar to controls, in contrast
with the decrease previously observed in E, binding, which may be caused by dif-
ferential timing of changes in mRNA and protein expression. The decrease
observed on L1 in both groups of rats may be caused by down regulation by the
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increased E, secretion due to the postpartum ovulation. Similarly, the long form
of the PRLAR was predominant in mammary tissue, and showed significant varia-
tions during pregnancy and postpartum, with the highest values observed on LI,
confirming previous results (12,13). The short form also showed the highest val-
ues on L1 Both forms were significantly diminished by T, treatment on L1,
which along with the decreased serum PRL observed on the hyperthyroid rats
on this day (8), may be one of the causes of the lactation failure.

Surprisingly, after three days weaning, relative PRL; mRNA concentra-
tions had remained similar to those found on L1 in the control rats, and
had returned to high values in the T treated rats.

On the other hand, in contrast with our previous results that showed a
decrease in Pg binding in the hyperthyroid rats on G20 (7), PgR mRNA
concentration was not affected by T, but showed the postpartum decrease
that plays a role in the initiation of milk synthesis.

The inhibitory effects of HT on the expression of mammary and
hepatic ER and PRL-R were most pronounced in the period immediately
preceding or after delivery and may have affected the actions or metabolism
of these hormones in their target tissues. Since the cell responses to hor-
mones are believed to be related to the amount of receptors present in the
cells, the decreased mammary hormone receptor expression observed at
the end of pregnancy may have impaired the responsiveness of the tissue
and its ability to produce milk on the subsequent lactation, thus being at
least partially responsible for the lactation failure of the HT mothers.
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