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Expression of prolactin receptors (PR) in the nuclei and plasma membrane of the bile 
duct cells is demonstrated in 1-45-day-old male and female rats with the use of indirect 
immunoperoxidase technique. The intensity of PR staining in the bile duct cells is not 
sex-dependent; it increases from the 1st day till the 45th day and disappears by the 65th 
day of postnatal ontogeny. The PR-specific staining of hepatocytes also increases during 
the first 45 days of postnatal life and becomes sex-dependent by the 65th day. 
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The liver is one of the prolactin targets. Prolactin 
regulates metabolic processes in the liver and acts as 
a t rophic  agent, promoter of carcinogenesis, and sti- 
mulator of DNA synthesis and mitoses [3-5]. Pre- 
viously, we showed that in adult rats only hepatocytes 
express prolactin receptors (PR), the intensity of ex- 
pression being higher in females than in males [1,13]. 

The functions of prolactin are modified during 
ontogeny [9]. This may be associated with changes 
in the spectrum of  tissues expressing PR. The aim 
of this study was to analyze the expression of PR in 
different liver cell types in male and females during 
the early period of  postnatal life. 

MATERIALS AND METHODS 

Outbred albino male and female rats aged 1, 7, 15, 
45, 65, and 90 (puberty) days were used. 

Prolactin receptors were identified in the liver by 
indirect immunoperoxidase technique [ 1,13]. Murine 
monoclonal  antibodies U6 specific for the extra- 
cellular domain of rat PR other than that in the 
hormone-binding center [10] were used. The antibodies 
w e r e  a g e n e r o u s  gift of Dr. P. Kelly (France). 
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Tissue specimens were fixed in 4% paraform in 
0.1 M phosphate buffer (pH 7.4) for 20 h at 4~ 
washed, and embedded in paraplast. Sections (3-~t 
thick) were mounted on glass and consecutively in- 
cubated for 10 min at room temperature with 10 mM 
sodium periodate and 0.01% sodium borohydride. 
They were then incubated with the monoclonal  
antibodies in 0.05 M Tris-HC1 (pH 7.6) for 18-20 
h at 4~ Control sections were incubated under 
the same condi t ions  with 0.05 M Tris-HC1 or 
murine IgG (0.1 mg/ml) in the same buffer. Rabbit 
anti-mouse and donkey anti-rabbit antisera con- 
jugated with peroxidase (N. F. Gamaleya Institute 
of  Epidemiology and Microbiology, Russian Aca- 
demy of Medical Sciences) were used as "bridge" 
and developing antibodies, respectively. The anti- 
sera were depleted with rat serum (1:2) for 2 h at 
room temperature,  diluted with 0.05 M Tris-HC1 
1:10 (rabbit antiserum) and 1:100 (donkey anti- 
serum), and incubated with control and experi- 
mental  sections for 30 min at room temperature. 
After each t reatment ,  the sections were washed 
with the same buffer (5 min, three times). Diamino- 
benzidine was used as a chromogen,  Parallel sec- 
tions were stained with hematoxylin. 

Material from 3-8 rats was analyzed in each 
group. 
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Fig. 1. Immunoperoxidase identification of subcellular prolactin receptors (PR) in the bile duct cells of a 45-day-old male rat. Control section 
(a), section incubated with U6 monoclonal antibodies (b): PR-positive staining of the nuclei (black arrows) and plasma membrane (white 
arrow), x1250. Here and in Figs. 2 and 3: BD: bile duct, PA: portal artery; /=V: portal vein. 

RESULTS 

The bile duct cells and hepatocytes of male and 
female rats stained positively for PR from day 1 till 
day 45 of postnatal life. 

.In the bile duct ceils of males and females, the 
PR-positive staining was confined predominantly to 
the nuclei and sometimes was seen in the plasma 
membrane (Fig. 1). Its intensity increased from the 
1st till the 45th day (Fig. 2) and then decreased. On 
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Fig. 3. Immunoperoxidase identification of prolactin receptors in the periportal zone of the liver Iobule on day 65 of postnatal life female 
(a) and male (b) rats. x787.5. 

day 65 of  postnatal ontogeny, the staining was revealed 
neither in males nor in females (Fig. 3). There were 
no sex-specific differences in the intensity of  PR- 
specific staining of  the bile duct cells at all stages of  
ontogeny. 

In hepatocytes of  males and females, the in- 
tensity of  PR-positive staining also increased from 
the 1st till the 45th day of  life. In males, it decreased 
after 45 days, on day 65 its intensity being similar 
to that in adult males. In 45-day-old females, the 
intensity of the staining was stable and high (Fig. 3). 

During the first 45 days of postnatal life, hepato- 
cytes and bile duct cells of  mate and female rats 
express PR. Presumably, these 45 days are a specific 
period in the differentiation and function of  these 
cells. Hepatocytes and bile duct cells are known to 
have common precursors; however, it is unclear whether 
these precursors are oval cells or immature hepato- 
cytes [12,14]. In rats, the development of bile ducts 
and differentiation of hepatocytes occur during the 
first month o f  postnatal life. In addition, both cell 
types intensely proliferate during the formation of  
liver lobules and loss of  hematopoietic cells [14,15]. 
Bearing in mind that prolactin induces proliferation 
and differentiation of liver cells [3-5], it can be sug- 
gested that during the first 45 days of life prolactin 
maintains proliferative activity and differentiating 
potential of  both hepatocytes and bile duct cells at a 
high level. In adult animals ,  the proliferative index 
of liver cells is very low, and the metabolic processes 
are different in hepatocytes and bile duct cells [2,6]. 
It can be suggested that prolactin becomes one of 
the main metabolic regulators during puberty. The 
liver metabolism is sex-dependent. In adult animals, 
the expression of  PR is controlled by sex steroids 
[1,2,13], which leads to a sex-dependent differen- 
tiation of metabolic reactions regulated by prolactin. 

The present study shows that subcellular dis- 
tribution of  PR in the bile duct cells differs from that 
in hepatocytes [1,13]: immunoreactive PR are pre- 
sent in the nuclei of  the bile duct cells. Prolactin 
receptors have been recently identified in the nuclei 
and nuclear membranes of various cell types [8,11]. 
It was hypothesized that endocytosis is not only the 
mechanism by which PR are eliminated but also the 
initial state of PR transport into the cell. Signal 
transduction via membrane-bound and nuclear PR 
may differ considerably [11]. The possibility cannot 
be excluded that different compartmentalizations of  
PR in different cell types result from variations of  
the expression of PR differing by the length of the 
intracellular domain and activating different second 
messenger systems [7]. 

Thus, our results indicate that at the early stages 
of postnatal ontogeny two types of liver cells in male 
and female rats are sensitive to prolactin. The bile 
duct cells lose PR during puberty, while hepatocytes 
express these receptors under the control of  sex- 
related factors. 
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