
0021~97%‘96/$03.00/0 
Journal of Clinical Endocrinology and Metabolism 
Copyright 0 1996 by The Endocrine Society 

Vol. 81, No. 8 

Printed in U.S.A. 

Functional Aspects of the Effect of Prolactin (PRL) on 
Adrenal Steroidogenesis and Distribution of the PRL 
Receptor in the Human Adrenal Gland* 

ANNEGRET GLASOW, MATTHIAS BREIDERT, ANDREA HAIDAN, ULF ANDEREGG, 
PAUL A. KELLY, AND STEFAN R. BORNSTEIN 

Departments of Internal Medicine III and Dermatology (U.A.), University of Leipzig, Leipzig, Germany; 
and INSERM U-344, Endocrinologie Moleculaire, Faculte’ de Medicine Neckar (P.A.K.), 75015 Paris, 
France 

ABSTRACT 
Hyperprolactinemia is one of the most common disorders in en- 

docrinoloev. A role for PRL on the human adrenal gland has been 

postulateTin various clinical studies. We have demonstrated for the 
first time the expression of the PRL receptor in the human adrenal 
gland and in human adrenal primary cell cultures using PCR and 
immunohistochemical methods. Using immunostaining, we could de- 
tect the PRL receptor in all three zones of the adrenal cortex. Only 
weak staining was observed in the adrenal medulla. The influence of 
PRL on the secretion of cortisol, aldosterone, and androgens in human 
primary cell cultures was investigated. After stimulation with PRL 

( 10m7 mol/L), we measured increased concentrations of cortisol(l55 2 
9.8%; P < 0.005%), aldosterone (122 2 3.7%; P < 0.005), and dehy- 
droepiandrosterone (121 2 8.6%; P < 0.05) in the cell supernatant. 
PRL did not affect the expression of messenger ribonucleic acid of 
cytochrome P450170( in human adrenal cell cultures. 

In conclusion, we found the PRL receptor in the human adrenal 
gland. We postulate that PRL has a direct effect on adrenal steroi- 
dogenesis, thereby regulating adrenal function, which may be of par- 
ticular relevance in clinical disorders with hyperprolactinemia. 
(J Clin Endocrinol Metub 81: 31033111, 1996) 

I N TERMS OF biological processes, PRL is one of the most 
versatile hormones produced by the pituitary gland (1). 

Several attributes of PRL are of particular interest with re- 
gard to an effect on the adrenal gland. First, glucocorticoids 
have a synergistic action with PRL, the classical lactotropic 
hormone, on breast development (2). This may suggest a 
coordinated regulation of both hormones. 

Secondly, PRL is a stress-related peptide. In addition to 
activating the hypothalamus-pituitary-adrenal axis, stress 
can induce the elevation of PRL levels (3-6). In this context, 
an influence of PRL on human adrenal cortisol secretion was 
expected. 

Thirdly, hyperprolactinemia, a common disorder in clin- 
ical endocrinology, is frequently associated with hirsutism, 
hypogonadism, and amenorrhea (7). It has been speculated 
that in these disorders, PRL acts directly on the adrenal (8). 
Therefore, PRL measurements are commonly ordered for the 
differential diagnosis of hirsutism. Finally, PRL has been 
reported to act on adrenal aldosterone production (9). There 
are, however, conflicting and variable results concerning the 
effect of PRL on the adrenal in different species (3, 10-12). 
Surprisingly, only a few reports are available on the effects 
of PRL on isolated human adrenal, with contradictory results 
in monolayer and suspension cell cultures (13-15). The in- 
fluence of PRL on steroid hormone production in all three 
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zones of the human adrenal cortex and the effect of PRL on 
the messenger ribonucleic acid (mRNA) expression of the 
steroid enzymes have not yet been investigated in human 
adrenals. The occurrence of the PRL receptor (PRLR) in fetal 
and adult rat adrenals has been reported recently (16, 17). 
PRL-binding sites were detected in the adrenals of different 
species (18,19), but to date there are no data on the expression 
of the PRLR in human adrenal tissue. The presence of en- 
dogenous PRL in the human adrenal gland has not previ- 
ously been reported. Immunoreactive PRL has only been 
described in sections of rat adrenal cortical cells (20). 

Therefore, we designed a study to investigate the role of 
PRL in vitro on human adrenal cell cultures. After stimulation 
with PRL, we measured the concentrations of dehydroepi- 
androsteron (DHEA), cortisol, androstenedione, testoster- 
one, and aldosterone in the supernatant of cell cultures. We 
analyzed the influence of PRL on the mRNA expression of 
17a-hydroxylase, a key enzyme in steroid biosynthesis, using 
Northern blotting. After immunostaining the tissue sections 
with an anti-rat PRLR antibody and an antibody against 
human PRL, light microscopic evaluations were carried out. 
The expression of PRLR mRNA was detected by the PCR. 

Materials and Methods 

Reagents 

All reagents were purchased from Sigma Chemical Co. (Munich, 
Germany) unless otherwise noted. 

Human adrenals 

Normal human adrenal glands were obtained from 10 patients who 
underwent surgical excision of renal carcinoma. The ages of the male and 
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female donors varied between 50-75 yr. This investigation was ap- 
proved by the ethical committee of the University of Leipzig. 

Immunohistochemical procedures 

hmunosfaining for PRLR. Deparaffinized sections of human adrenals 
were immunostained for PRLR with the avidin-biotin-technique using 
the UniTect mouse immunohistochemistry detection system from Di- 
anova (Hamburg, Germany) (21). The sections were incubated with 0.5% 
Triton X-100 for 2 min before blocking the endogenous peroxidase. The 
cells were then preincubated in 5% normal horse serum and exposed for 
1 h to antirat PRLR antibody U5 or T6 (20 pg IgG / mL 5% normal horse 
serum) (22). The sections were washed in Tris-buffered saline (three 
times, 10 min each time) and incubated with the biotinylated second 
antibody diluted 1:30 (horse antirat). After being washed in TBS, the 
sections were incubated for 30 min with the avidin-biotin peroxidase 
mixture. As a control, the rat PRLR antibody was replaced by mouse IgG. 
No staining was observed in these controls. Visualization was achieved 
by immersion of the sections for 15 min in 3-amino-9-ethyl-carbazole 
(Dianova-Immunotech, Hamburg, Germany) chromogen solution con- 
taining 0.05% H202. Slides were counterstained with hematoxylin for 1 
min, rinsed for 10 min in water, and mounted. The immunostained cells 
were viewed on a Zeiss Axioskop microscope (Zeiss, Gottingen, 
Germany). 

For immunostaining of PRLR, several primary cultures of human 

adrenal cells were grown on chamber slides (Nunc, Naperville, IL). After 
4 days in culture, the cells were fixed for 30 min in 4% paraformaldehyde 
and immunostained as described above. 

lmmunosfainingfor 17whydroxylase. The immunostaining of 17a-hydrox- 

ylase was performed using the avidin-biotin technique as described 
above. The human 17a-hydroxylase antibody from mice was kindly 
provided by Prof. Watermann (Department of Biochemistry, Vanderbilt 
University School of Medicine, Nashville, TN). 

lmmtlnosfaining of PRL. The immunostaining of PRL was performed 
using paraffin-embedded and frozen sections of human adrenal glands. 
Monoclonal human PRL antibody from mice was obtained from Di- 
anova-Immunotech (Hamburg, Germany). As a secondary antibody, the 
biotinylated antibody (horse antimouse) from Dianova (Hamburg, Ger- 
many) was used as described above. As a control, the human PRL 

antibody was replaced by mouse IgG. No staining was observed in these 
controls. Pituitary paraffin-embedded and frozen sections were stained 
as positive tissue controls. 

Cell culture 

Directly after surgery, the adrenals were transferred into ice-cold 

phosphate-buffered saline. After removal of the adipose tissue, the adre- 
nals were cut into small pieces and washed three times with DMEM- 
Ham’s F-12 (Life Technologies, Eggenstein, Germany). 

Dispersed cells were obtained by digestion with collagenase (O.l%, 
wt/vol) and deoxyribonuclease I (O.Ol%, wt/vol) and by mechanical 
disaggregation. The viability of the isolated cells was checked by the 
trypan blue exclusion test and was found to be greater than 90%. The 
adrenal cells were placed in 6-well (for RNA isolation; 1 X lo6 cells/well) 
or 24-well (for stimulation experiments; 150,000 cells/ well) dishes. They 
were cultured in DMEM-Ham’s F-12 containing penicillin (100 U/mL), 
streptomycin (0.1% wt/vol), and 10% FCS at 37 C under 5% CO,. 

Zncubation procedure 

The cells were incubated with human recombinant PRL (49.01 IU/ 
mg; Scripps Laboratories, San Diego, CA), synthetic ACTH (Synacthen, 
Ciba-Geigy, Wehr, Germany), and PRL in combination with ACTH in 
serum-free medium. After 3 days in culture, the cells were washed with 
serum-free medium containing ascorbic acid (10m7 mol/L), transferrin 
(O.OOl%, wt/vol), and bacitracin (O.Ol%, wt/vol). 

Hormone measurements 

The hormone concentrations in the incubation medium were mea- 

sured by RIA using the following kits: Active Androstenedione (Diag- 
nostic Systems Laboratories, Webster, TX; sensitivity, 0.03 ng/ mL; cross- 

reactivity with androstenedione, 100%; with isoandrosterone, 0.26%; 

with other steroids, <0.07%; intra- and interassay variations, 5.6% and 
9.8%, respectively), Cortisol-RIA (Biermann, Bad Nauheim, Germany; 
sensitivity, 5.5 nmol/L; cross-reactivity with cortisol, 100%; with pred- 
nisolone, 76%; with ll-deoxycortisol, 11.4%; with prednisone, 2.3%; with 
other steroids, <l%; intra- and interassay variations, 5.1% and 6.4%, 
respectively); Active DHEA (Diagnostic Systems Laboratories; sensitiv- 
ity, 0.02 ng/mL; cross-reactivity with DHEA, 100%; with other steroids, 
<O&3%; intra- and interassay variations, 10.6% and 10.2%, respectively), 
Aldosterone-RIA (Biermann; sensitivity, 16 pg/ mL; cross-reactivity 
with aldosterone, 100%; with other steroids, < 0.033%; intra- and in- 
terassay variations, 5% and 10.4%, respectively), and Testosterone-RIA 
(Biermann; sensitivity, 0.15 pg/L; cross-reactivity with testosterone, 
100%; with other steroids, <0.16%; intra- and interassay variations, 4.3% 
and 5.5%, respectively). 

RNA isolation and Northern blot analysis 

The total RNA was isolated from cells maintained in culture for 3 days 
using the RNAzol-B RNA isolation kit from AGS (Heidelberg, Germa- 
ny). Five micrograms of total RNA were fractionated by electrophoresis 
through a 1.2% agarose gel containing 0.61 mol/L formaldehyde and 
transferred to uncharged nylon membranes (Qiagen, Hilden, Germany). 
The filters were prehfbridized for 1 h and hybridized overnight with25 
ng/mL digoxigen UTP-labeled RNA probe at 68 C. Human cytochrome 
I’45017 (full-length, 1900 bp) complementary DNA (cDNA; kindly pro- 
vided by Prof. Watermann, Department of Biochemistry, Vanderbilt 
Universitv School of Medicine, Nashville, TN) was labeled with dieoxi- 
gen UTP’using the digoxigen RNA labeling kit (T3/T7; Boeh&ger 
Mannheim, Mannheim, Germany) by in vitro transcription. Sense and 
antisense probes were constructed. Filters were washed twice for 5 min 
each time in 2 X SSC (standard saline citrate)-1% SDS at room temper- 
ature and twice in 0.1 X SSC-1% SDS for 15 min each time at 68 C. For 

detection of chemiluminescence, CDP-Star was used according to the 
manufacturer’s protocol provided with the digoxigen luminescence de- 
tection kit (Boehringer Mannheim). The resultant blots were exposed to 
Hyperfilm-ECL (Amersham, Braunschweig, Germany) for 2-30 min. 
The hybridization signals in the blots were normalized with glyceral- 
dehyde3-phosphate dehydrogenase and analyzed quantitatively by 
densitometric scanning. All experiments were repeated at least three 
times with different samples. The values given are from one represen- 
tative experiment. 

PCR experiments 

For the reverse transcription-PCR (RT-PCR), total RNA was isolated 
from 5 x lo6 cultured cells by a single step method using RNAzol-B from 

AGS (Heidelberg, Germany) according to the manufacturer’s protocol. 
The resulting RNA was washed twice with 80% ethanol, dried, and 

dissolved in 20 PL DEPC water. The RNA content was determined 
photometrically. Five micrograms of RNA were taken to synthesize 

cDNA using the First ScDNA synthesis kit (Boehringer Mannheim) 
PCR amplification of the first strand cDNA coding for the cytoplas- 

matic domain of the PRLR was carried out using the forward primer, 
5’-CATCAACAGCTGCCACACTTCTTC-3’, and the complementary re- 
verse primer, 5’-ATCCAAGGGTTTAGCCGAGCCAAA-3’. The PRLR 
cDNA was amplified for 42 cycles in 25 FL containing 1 X PCR buffer, 
200 pmol/L deoxy-NTPs, 12 pmol each of forward and reverse primers, 
0.5 U Taq polymerase, and 4 mol/L MgCl. The amplification conditions 
were as follows: denaturation at 94 C for 30 s, annealing of the primers 
for 30 s at 72 C, and elongation at 72 C for 30 s (42 cycles). Before starting 
the PCR, the probes were denatured at 94 C for 5 min. The final elon- 
gation step was prolonged to 7 min. After amplification, samples were 
electrophoresed through a 1.0% agarose gel. The amplified bands were 
identified using ethidium bromide staining. 

Statistical analysis 

Results are expressed as the mean 5 SE. Statistical analysis was 
performed with unpaired Student’s t test for comparison of two groups. 
Differences were considered significant when P < 0.05. 
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Results 

Localization of the PRLR: immunostaining 

The PRLR could be detected in all three zones of the 
adrenal cortex (Fig. 1A). In Fig. 1 there are no clear differences 
in the intensity of staining in the different zones. In some 
preparations the zona reticularis showed a stronger staining 
(Fig. 1C) than the zona glomerulosa and fasciculata (Fig. 1B) 
independent of the sex and age of the patients. Positive 
staining of the human adrenal gland was achieved with 
antibodies T6 and U5. In the adrenal medulla, detection of 
PRLR was low, and staining was weak (Fig. 2). However, 
islets of strongly stained cells containing PRLR occurred 
within the medulla (Fig. 3A). These cells turned out to be 
cortical cells, located within the medulla on serial sections 
immunostained for 17a-hydroxylase (Fig. 3B). These results 
demonstrate a high degree of intermingling between the two 
endocrine tissues. In the human adrenal cell culture, the 
PRLR was detected on the fourth day of culture in almost all 
cells (Fig. 4). 

Detection of PRL 

Using immunohistochemical methods, no PRL was de- 
tectable in frozen or paraffin-embedded sections of female 
and male adult adrenal gland (Fig. 5A). Human pituitary 
slices were used as a positive tissue control, and the staining 
was strong for PRL (Fig. 5B). 

Detection of the PRLR: PCR 

The expression of PRLR mRNA in human adrenal primary 
cell culture was determined qualitatively by amplification of 
RT-PCR products. After visualization with ethidium bro- 
mide, staining of one band with the expected size of 1044 bp, 
encoding the cytoplasmatic domain of the human PRLR, was 
observed (Fig. 6, lane HA). Digestion of the PCR product 
with BstXI led to two fragments, with specific sizes of 505 and 
539 bp (data not shown), identifying the amplified DNA 
fragment. This experiment was reproduced with different 
RNA isolations from the same and other adrenal primary cell 
cultures. In all PCR experiments, negative controls were in- 
cluded in which the amplification reaction was carried out 
with no cDNA present in the sample (Fig. 6, lane C). 

Effect of PRL on the steroidogenesis of cultured 

adrenal cells 

The effect of PRL on the secretion of steroid hormones was 
determined in monolayer cultures. PRL (10m7 mol/ L) caused 
a significant increase in cortisol, aldosterone, and DHEA 
release. Cortisol secretion was enhanced to 155 2 9.8% (P < 
0.005; n = 3), aldosterone release to 122 i 3.7% (P < 0.005; 
n = 3), and DHEA release to 122 5 8.6% (P < 0.05; n = 3) 
of the basal concentrations (designated 100%). The concen- 
trations of androstenedione and testosterone did not change 
significantly, although in both cases a slight increase was 
observed (Fig. 7). 

Dose-dependent increases (P < 0.05; n = 2) in cortisol 
concentrations were observed after incubation with different 
doses ( 10-9-10-6 mol! L) of PRL. PRL had a stimulatory effect 
on cortisol synthesis at physiological concentrations (10e9 

mol/L PRL). After treatment with PRL (10K6 mol/ L), max- 
imal stimulation was achieved to 160 t 7.3% of basal cortisol 
release, corresponding to 82% of the ACTH (10-l’ mol/L) 
stimulation result (Fig. 8). 

Expression of mRNAs for cytochrome P45017a 

PRL (1O-7 mol/L) did not affect cytochrome P45017cu 
mRNA expression in primary cultures of human adrenal 
cells, as demonstrated by Northern blotting (Fig. 9). The 
results were densitometrically evaluated (data not shown). 
RNA from ACTH (10e9 mol/L)-treated cells was used as a 
positive control. The basal level of cytochrome P45017a 
mRNA was increased 2-fold. Sense probes were used to 
confirm the specificity of the antisense cytochrome P45017a 
probe (data not shown). 

Discussion 

PRL is the classical lactotropic hormone, but also has many 
other functions. Its role in steroidogenic tissue in the human 
adrenal gland is of particular interest. In the study presented, 
we demonstrated for the first time the occurrence of the 
PRLR in human adrenal gland and human adrenal cell cul- 
tures using two different methods. 

We showed the appearance of the PRLR within the human 
adrenal gland using monoclonal antibodies T6 and U5 
against rat liver PRLR. Both antibodies against rat PRLR 
could also be used for human adrenals because the U5 an- 
tigenic region is strongly conserved among different tissues 
and species. The T6 antibody showed a greater degree of 
binding to rat adrenal tissues than U5 and also had a high 
cross-reactivity to tissues from other species, as described 
previously (22). The staining of human tissue was positive 
with both antibodies. The specificity of antibodies was con- 
firmed by the fact that no staining occurred in cells from the 
adrenal capsula and that differential staining within the ad- 
renal itself could be demonstrated. PRL-binding sites were 
detected in all three zones within the adrenal cortex. Only 
weak staining in the adrenal medulla was observed, as de- 
scribed previously in rats (22,23). However, islets of cells in 
the medulla demonstrated a strong presence. Through stain- 
ing of serial sections with an antibody against 17a-hydrox- 
ylase, these cells could be clearly identified as steroid-pro- 
ducing cortical cells. The occurrence of cortical islets in the 
adrenal medulla, which stained positive for PRLR, is due to 
strong intermingling and close contacts between cortical and 
medullary cells, as described in previous studies (24, 25). In 
contrast to results in rats (17), no sex difference appeared in 
the staining of the adrenal cortex, although in some prepa- 
rations the staining was stronger in the zona reticularis than 
in the other zones of the adrenal cortex. 

We were able to detect PRLR in human adrenal cell culture 
on the fourth day of culture in almost all cells. We assume 
that the weakly stained cells could represent chromaffin cells, 
agreeing with the results in slices from human adrenals. 

We also detected PRLR in human adrenal cultured cells 
after amplification of RT-PCR products, supporting the re- 
sults of immunostaining. In line with studies on the PRLR in 
the gastrointestinal tract, we used primers amplifying the 
region encoding the cytoplasmatic part of human PRLR (26). 
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FIG. 1. Paraffin section of a human adrenal immunostained for PRLR. Overview of all three zones of the adrenal cortex using antibody 

The PRLR occurs in the cytoplasm of cells (A; bar = 55 pm). The PRLR in zona glomerulosa (G) and zona fasciculata (F) seems to be eqt 
disk ributed (B; bar = 27.4 pm). Slightly stronger staining of PRLR in the zona reticularis (R) is observed (C; bar = 27.4 pm). 
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FIG. 4. Occurrence of PRLR in human adrenal cell culture. After 3 days in culture, human adrenal cells were immunostained for PRLR 
the antibody T6 (bar = 27.4 Frn). 
FIG. 5. PRL was clearly detectable in the human pituitary gland (A; ~CLF = 37.8 Km). In the human adrenal, no PRL was detected 
immunostaining (B; bar = 75.6 Frn). 
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M Owl 
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1636 

1044- 1036 

510 

FIG. 6. Detection of the cytoplasmatic domain of the PRLR mRNA by 
RT-PCR in human adrenal primary cell cultures (HA). PRLR was not 
detected in controls in the absence of cDNA (0. PCR product size was 
identified using DNA standard X (M). 

FIG. 7. Effect of PRL (10m7 mol/L) on the secretion of DHEA, andro- 
stenedione, testosterone, cortisol, and aldosterone after 24 h of incu- 
bation. Data are presented as a percentage of basal secretion (qua- 
druplicate samples; n = 3; mean t SE). Asterisks indicate significant 
differences from unstimulated controls (*, P < 0.05; **, P < 0.005). 

PRL-like immunoreactivity has been detected in rat adre- 
nal (1). This suggests a paracrine role for PRL in rat adrenal. 
We could not detect any PRL in paraffin-embedded and 
frozen sections of the human adrenal with immunohisto- 
chemical methods. Therefore, PRL seems not to play a role 
in paracrine processes in the human adrenal gland. PRL was 
clearly identified in slices of human pituitary that were used 
as a positive control. 

The occurrence of PRLR in the adrenal gland indicates a 
direct effect of PRL on adrenal cells. Therefore, we investi- 
gated the influence of PRL on adrenal steroidogenesis in all 
three cortical zones. 

PRL concentrations similar to those in hyperprolactinemic 
patients significantly stimulated steroidogenesis in the zona 
fasciculata and zona glomerulosa. Our results confirm the 
effect of PRL on the zona glomerulosa by the increased levels 
of aldosterone in human aldosterone-producing adenoma 
cell suspension (9). 11-i patients with acromegaly, hyperten- 
sion, and increased tetrahydroaldosterone-3-glucuronide 
levels, a relationship between simultaneously elevated PRL 

C x10-6 x10 
-7 -8 x,‘o-9 x,'o-10 

x10 

PRL (M) ACTH (M) 

FIG. 8. Cortisol release from adrenal cells incubated with different 
doses of PRL (1O-6-1O-g mol/L) for 24 h. For comparison, treatment 
with ACTH (10-l’ mol/L) is shown. Data are presented as a percent- 
age of basal secretion (five wells per experiment; n = 2; mean t SE). 

1 2 3 

P45017a 
I 

FIG. 9. Effects of PRL and ACTH on cytochrome P4501701 mRNA 

levels. On the third day of culture, the cells were treated with the 
indicated hormones for 24 h: lane 1, basal; lane 2, (10e9 mol/L) ACTH; 
lane 3, (1O-7 mol/L) PRL. The amount of cytochrome P4501701 mRNA 
was determined by Northern analysis and normalized to the amount 
of glyceraldehyde-3-phosphate dehydrogenase mRNA. The experi- 
ment was repeated with another cell culture with the same result, i.e. 
cytochrome P4501701 mRNA was not increased after PRL stimulation. 

levels is suspected (27). In addition, it is known that PRL 
administration partially counteracts the fall in blood aldo- 
sterone levels in rats after dexamethasone treatment (28). In 
rat adrenocortical slices superfused in vitro with PRL, aldo- 
sterone release was significantly revealed (29). 

In contrast to these findings, PRL did not affect blood 
levels of aldosterone and cortisol or corticosterone in guinea 
pigs and rats (30). There is also a lack of consistent correlation 
between PRL and aldosterone blood concentrations in pa- 
tients with primary aldosteronism and PRL-secreting pitu- 
itary tumors (31) and in women with various endocrine 
diseases connected with water-salt metabolism disturbances 
(32). Possible explanations for this inconsistency may be the 
predominant influence of other aldosterone stimuli overlap- 
ping the PRL effect and the variability of factors inhibiting 
aldosterone secretion. Small effects also could be masked by 
the high blood volume. 

It is well known that PRL has a stimulating effect on salt 
and water metabolism in lower vertebrates (33,34). In mam- 
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mals, PRL increases the renal tubular reabsorption of Nat, 

Cl-, and water (35,36). In humans, we were able to show that 
PRL has a moderate stimulatory effect on aldosterone secre- 

tion. Therefore, an influence on sodium, potassium, and wa- 
ter reabsorption may be relevant to high blood PRL levels. 

It is known that during stress situations, PRL secretion in 

humans is elevated (37,38). We showed that PRL stimulates 

cortisol secretion in human adrenal cell cultures. In this con- 
text we suspect a subtle regulation of PRL on cortisol secre- 

tion. It could possibly be of some importance in a stress 

response also. 

Cortisol seems to inhibit PRL secretion, acting as a possible 
feedback mechanism (39). The postulated glucocorticoid up- 

regulation of PRLR in kidneys and adrenals of rats support 

the suspected mutual interaction of adrenal and pituitary 
hormones. In accordance with our finding of a lesser effect 

of PRL on aldosterone levels, mineralocorticoids seem to 

have only a small, if any, influence on PRLR regulation (39). 

The stimulation of cortisol can be increased by elevated 
expression of cytochrome I’4501701 mRNA. However, a stim- 

ulatory effect of cytochrome P45017n mRNA expression 

could not be observed by Northern blotting. Therefore, the 
treatment of adrenal cells with PRL may only affect post- 

translational steroidogenesis. Nevertheless, we cannot ex- 

clude a weak activation of cytochrome P45017c~ mRNA ex- 

pression, because the Northern blot method is not sensitive 
enough to discriminate a 1.5-fold stimulation. Further inves- 

tigations are necessary to clarify whether PRL can regulate 

the activity of other enzymes in steroid biogenesis. 
A stimulatory influence of PRL on androgen synthesis is 

often suggested. In 20% of patients with hirsutism, hyper- 

prolactinemia also occurs. However, conflicting data exist 

regarding the influence of PRL on adrenal androgen syn- 
thesis in human cell cultures (13-15). Patient studies have 

reported variable success in finding correlations between 

hyperprolactinemia and blood androgen levels (40-42). 

In our experiments there was a lack of significant changes 
in androstenedione and testosterone levels and only a small 

increase in DHEA concentrations after PRL stimulation. Be- 

cause of the well known decline in androgen levels with age, 
it cannot be excluded that in younger patients the results are 

deviant. We obtained human adrenals from patients between 

50-75 yr of age. There was no correlation between androgen 

levels and age in this small range. The modest effects of PRL 

on androgen synthesis suggest no direct influence of PRL on 
adrenal steroidogenesis in the normal zona reticularis. How- 

ever, with the high PRL concentrations associated with hir- 

sutism, the mild stimulatory effects may become relevant. 
In summary, we demonstrated the distribution of PRLR in 

the human adrenal gland with immunohistochemical meth- 

ods. We were able to detect positive signals in all zones of the 
adrenal cortex and only weak staining in medullary cells. 

PRL stimulated the release of aldosterone, cortisol, and 

DHEA in a dose-dependent manner. An effect of PRL on the 
expression of cytochrome P45017a was not be observed. PRL 

does not appear to be produced in the human adrenal gland 

itself. 

The effect of PRL on adrenal steroidogenesis can be of 
particular relevance in clinical settings associated with hy- 

perprolactinemia. The high expression of PRLR in the normal 

adrenal gland suggests other functions of PRL, possibly as a 

growth factor for adrenal cells. Hyperprolactinemia can be 

associated with adrenal hyperplasia and could affect the 
proliferation of adrenocortical cells in mice (43). Therefore, 

continuing studies are important to elucidate the role of PRL 

in adrenal physiology and pathophysiology. 
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