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Abstract. Incubations of rat anterior pituitary cells with transforming growth factor (TGF)- 
81 for 48 hr suppressed the secretion of basal prolactin (PRL)  in a dose-dependent 
manner (EDSo, 100 pg/ml). Activin, a gonadal hormone processing cysteine distribution 
similar to TGFp, also suppressed basal P R L  secretion, but it was less effective (EDso, 4 
ng/ml). Treatment with TGFpl significantly suppressed basal PRL secretion from the 
pituitary after 24 hr and up to 72 hr of incubation. TGFpl also inhibited thyrotropin- 
releasing hormone-mediated P R L  secretion and activin inhibited thyrotropin-releasing 
hormone-mediated P R L  secretion slightly, but significantly. In addition, we also meas- 
ured the secretion of growth hormone by cultured pituitary cells treated with TGFBl or 
activin for 24 to 72 hr. TGFpl and activin showed an opposite effect on growth hormone 
secretion; TGFp stimulated and activin inhibited basal secretion of growth hormone. 
These results suggest that TGFpl is a potent inhibitor of basal secretion of P R L  by the 
pituitary, and both TGFpl and activin play a multifunctional role in basal secretion of 
pituitary hormones. [PSEB.M.I991,Vol198]  

nhibin and activin, isolated and characterized from 
ovarian follicular fluid on the basis of their ability I to regulate secretion of follicle-stimulating hor- 

mone (FSH) by the pituitary, have a similar cysteine 
distribution to transforming growth factor (TGF)-P (1) .  
Although TGFP was originally identified by its ability 
to reversibly induce certain nonneoplastic cells to ex- 
press a transforming phenotype (2), this growth factor 
also regulates FSH secretion by the pituitary (3), me- 
diates FSH-induced steroidogenesis in the gonadal cells 
(4, 5), and has been shown to have an important 
immunomodulatory effect on several types of cells in 
the immune system (2). These findings point to a 
potential interrelationship between pituitary hormones 
and immune response. 

On the other hand, prolactin (PRL) has been re- 
ported to have an important role in maintaining im- 
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mune function (6-8). Although Kitaoka et al. (9) have 
reported that activin inhibits thyrotropin-releasing hor- 
mone-mediated PRL secretion in a pituitary monolayer 
culture system (9), there is no information about the 
effect of TGFP on PRL secretion. We reported here 
that TGFP 1 and activin suppress basal secretion of PRL 
by pituitary cells in vitro. 

Materials and Methods 
Purified recombinant human TGFPl (10) was ob- 

tained from Genentech, Inc. (South San Francisco, 
CA). Activin was purified, as described previously (1 1). 
Thyrotropin-releasing hormone (TRH) was purchased 
from Sigma Chemical Co. (St. Louis, MO). 

Pituitaries from 22-day-old female Sprague-Dawley 
rats (Holtzman Co., Madison, WI) were removed asep- 
tically after decapitation. The anterior pituitary lobes 
were collected and dispersed enzymatically, as de- 
scribed previously (3). The cells (2.5 X lo5) were seeded 
into 24-well tissue culture plates (Flow Laboratories, 
Inc., McLean, VA) with Dulbecco’s modified Eagle’s 
medium (DMEM) (Gibco, Grand Island, NY), which 
was supplemented with 15% fetal bovine serum. On 
the second day of culture, the medium was removed 
and samples of TGFP1 or activin at varying doses, 
dissolved in 1 ml of Dulbecco’s modified Eagle’s me- 
dium with 1% fetal bovine serum, were added after 
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Figure 1. The effect of 48-hr incubation with TGFpl or activin on basal PRL secretion in cultured rat anterior pituitary cells. Data are the mean 
f SE from three or more independent experiments performed in triplicate. Asterisks denote significant differences from controls (*'P < 0.01). 
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Figure 2. The effect of 48-hr incubation with TGFdl or activin on the intracellular contents of PRL in cultured rat anterior pituitary cells. Data 
are the mean f SE from three independent experiments performed in triplicate. Asterisks denote significant differences from control (*P < 
0.05. "P < 0.01). 

being individually passed through a 0.22-pm filter (Mil- 
lipore, Bedford. MA). After a 48-hr incubation, me- 
dium was collected for measurements by radio- 
immunoassay (RIA). In experiments for measuring 
acute PRL secretion, after medium collection, cells 
were washed twice with Dulbecco's modified Eagle's 
medium and incubated for 4 hr with or without 200 
n M  TRH. For the extraction of cell content, after a 48- 
hr incubation with hormones, medium was collected 
and 0.5 ml of 0.1 X acetic acid was added to each well 
and incubated for 10 min at room temperature. The 
lysed cells were lyophilized and reconstituted in 1 ml 
of RIA buffer for hormone measurements. 

RIA for pituitary hormones were performed with 
antiserum provided by Dr. A. F. Parlow through the 
National Hormone and Pituitary Program (National 
Institute of Diabetes and Digestive and Kidney Dis- 
ease). For the separation of free and antibody-bound 
hormone, goat antirabbit r-globulin-precipitating an- 
tibodies (Antibodies Inc., Davis, CA) for PRL RIA (12) 
and the preparation of sacrificed Staphylococcus aureus 
(IgGsorb; Enzyme Center Inc., Boston, MA) for growth 
hormone (GH) RIA ( 1  3) were used, as described pre- 
viously. Fifty or 100 p1 of diluted samples ( 1 / 1000 and 
1/100 dilution for PRL and GH, respectively) were 
used for each assay. Interassay coefficients of variation 
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Table 1. The Effect of 48-hr Incubation with TGFP1 or 
Activin on Basal PRL Secretion and Cellular and Total 

PRL Levelsa 

Secretion Cellular Total 

Control 
TGFPl (nglml) 

0.048 
1.2 

30 

2 
8 

32 

Activin (nglml) 

3.35 t 0.06 0.25 f 0.02 3.56 f 0.06 

2.98 f 0.06b 0.23 t 0.03 3.20 k 0.1 1 
2.17 f 0.08O 0.39 f 0.05" 2.55 k 0.12e 
1.92 t 0.08b 0.43 f 0.06" 2.36 k 0.13" 

3.06 t 0.1 1 0.27 f 0.02 3.33 f 0.1 1 
2.66 t 0.09' 0.33 f 0.03 2.99 f 0.09" 
2.55 f 0.07b 0.36 k 0.04d 2.92 f 0.09" 

'The effects of 48-hr incubation with various doses of TGFpl or 
activin on basal PRL secretion and cellular and total (cellular plus 
secreted) PRL levels are shown. The data are the mean f SE from 
three separate experiments performed in triplicate. 

P < 0.01, compared with the control value of basal secretion. 
P < 0.01, compared with the control value of cellular content. 

d P  < 0.05, compared with the control value of cellular content. 
' P < 0.01, compared with the control value of total level. 

were 10.8% and 8.6% in PRL and G H  RIA, respec- 
tively. 

DNA synthesis was determined from the extent of 
[3H]thymidine incorporation into trichloroacetic acid- 
soluble cellular fractions (14). The cells were incubated 
with [3H]thymidine ( 1  pCi/well) (New England Nu- 
clear, Boston, MA) for 48 hr with or without TGFP 1, 
subsequently washed twice with ice-cold phosphate- 
buffered saline and twice with ice-cold 10% trichloro- 
acetic acid, and solubilized with 1 N NaOH for scintil- 
lation counting. 

6.0 1 
m 1 

Data were analyzed by one-way analysis of vari- 
ance, followed by the Duncan's test when differences 
were significant. 

Results 
The incubation of rat anterior pituitary cells for 48 

hr with varying doses of TGFPl decreased the basal 
secretion of PRL in a dose-dependent manner. The 
minimal concentration required to significantly sup- 
press the basal PRL secretion is 48 pg/ml (1.9 pM), 
with a EDso at 100 pg/ml (4 pM) (Fig. 1). However, 
treatment with doses higher than 1.2 ng/ml of TGFP 1 
showed no further suppression of PRL secretion. In- 
cubation with activin also suppressed basal PRL secre- 
tion with the EDso at 4 ng/ml (0.14 nkf), but its effect 
was less potent than that of TGFP (Fig. 1). 

Intracellular contents of PRL were significantly 
increased by treatment with doses of TGFP 1 and activin 
higher than 1.2 ng/ml(48 pM) and 32 ng/ml (1.1 nM), 
respectively (Fig. 2). However, total PRL levels (cellular 
plus secreted) were significantly decreased by treatment 
with doses of TGFPl and activin higher than 1.2 ng/ 
ml and 8 ng/ml (0.29 nu), respectively (Table I). 

Treatment with 0.25 ng/ml (10 pM) of TGFPl 
inhibited basal secretion of PRL from 24 hr of incuba- 
tion up to 72 hr of incubation (Fig. 3). Figure 4 showed 
that treatment with 2.5 ng/ml (89 pM) and 25 ng/ml 
(0.89 nM) of activin for 48 hr significantly inhibited 
basal secretion of PRL, but treatment with 25 ng/ml of 
activin for 72 hr inhibited PRL secretion slightly, but 
not significantly. 

Secretions of PRL for 4 hr of incubation in the 
presence or absence of TRH were significantly inhibited 
by the pretreatment with TGFPl for 48 hr (Table 11). 

TGFO 0.25 nglml 
TGFO 2.5nglml 
TGFO 25ng/ml 

2 4  4 8  7 2  

Time of incubation (h) 
Figure 3. The effects of 24-, 48-, or 72-hr incubation with TGFPl (0.25, 2.5, or 25 ng/ml) on basal PRL secretion in cultured rat anterior 
pituitary cells. Data are the mean k SE from three or more independent experiments performed in triplicate. Asterisks denote significant 
differences from the corresponding control (**P < 0.01). 

TGF-fi AND PROLACTIN SECRETION 601 



m 
91 
K 
8J 
U 

I 

e 

n - 
E :I 2.0 

0.0 

control 
ACTlVlN 

I7 ACTlVlN 
ACTlVlN 

0.25 ng/ml 
2.5 ng/ml 
25 ng/ml 

-r 

2 4  4 8  7 2  
Time of incubation (h) 

Figure 4. The effects of 24-, 48-, or 72-hr incubation with activin (0.25, 2.5, or 25 ng/ml) on basal PRL secretion in cultured rat anterior 
pituitary cells. Data are the mean -c SE of wells from three or more independent experiments performed in triplicate. Asterisks denote significant 
differences from the corresponding control (P < 0.05). 

Table II. Effects of Pretreatment with TGFPl and 
Activin on PRL Secretion for 4-hr Incubation in the 

Presence or Absence of TRH" 

PRL-RP-3 
(Fg/m1/4 hr) 

Without TRH With TRH 

Treatments with TGFPl and activin did not change 
the total number of pituitary cells or the incorporation 
of 3H-labeled thymidine into cells (data not shown). 
Therefore, TGFPl and activin did not inhibit basal 
secretion of PRL secretion by affecting the proliferation 
of pituitary cells. 

Control 193 k 5.9 285 f 9.7 
TGFPl (nglml) 

0.25 176 f 13 234 f 18 
2.5 124 f 12' 162 f 15" 

25 113 f 10' 160 f 9.9' 
Activin (nglml) 

0.25 197 _t 4.5 254 k 9.5 
2.5 193 f 4.5 259 f 17 

25 192 f 5.6 249 f 7.2' 
___ 

a The cells were incubated with various doses (0.25, 2.5, or 25 ng/ 
ml) of TGFpl or activin for 48 hr. After washing the cells, they were 
incubated in the presence and absence of 200 nM TRH for 4 hr. The 
data are the mean f SE from three separate experiments performed 
in triplicate. 

P < 0.01, compared with the value of controls without TRH. 
P < 0.01, compared with the value of controls with TRH. 

d P  < 0.05, compared with the value of controls with TRH. 

Pretreatment with activin for 48 hr inhibited TRH- 
mediated PRL secretion slightly, but significantly, only 
at dose of 25 ng/ml. However. pretreatment with acti- 
vin ranging from 0.25 to 25 ng/ml for 48 hr did not 
affect PRL secretion for 4 hr of incubation (Table 11). 

In addition, we measured growth hormone secre- 
tion after 24-72 hr of incubation. Treatment with 2.5 
and 25 ng/ml of TGFP1 for 24 to 72 hr significantly 
stimulated basal GH secretion (Fig. 5 ) .  But treatment 
with 2.5 and 25 ng/ml of activin for 24 to 72 hr 
significantly inhibited basal secretion of GH (Fig. 6). 

Discussion 
This study demonstrated that TGFP1 and activin 

inhibit basal secretion of PRL in a pituitary monolayer 
system and that TGFP1 is a more potent inhibitor than 
activin. The incubation of anterior pituitary cells with 
TGFPl or activin resulted not only in the suppression 
of basal PRL secretion, but also in the decrease of total 
(secreted and cellular) PRL levels. Therefore, the inhi- 
bition of basal PRL secretion may in part be caused by 
the inhibitory effects of TGFPl and activin on PRL 
synthesis. In addition, treatments with higher doses of 
TGFP 1 and activin increased intracellular content of 
PRL. Since total PRL level was inhibited at these doses, 
it is unlikely that the increase of intracellular PRL is 
due to the stimulation of biosynthesis. Therefore, it 
probably reflects attenuated spontaneous secretion of 
PRL. Thus, TGFP1 and activin may have a dual role 
in the regulation of PRL secretion and biosynthesis in 
vitro. 

Kitaoka et al. (9) reported that preincubation with 
activin for 48 hr inhibited TRH-mediated PRL secre- 
tion, but did not affect basal PRL secretion by the 
pituitary cells during a short period (2 hr). Present 
results confirmed this observation and further demon- 
strated the suppressive effect of TGFPl on basal and 
TRH-mediated PRL secretion. The effect of TRH on 
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TGFD 0.25 ng/ml 
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Time of incubation (h) 
Figure 5. The effects of 24-, 48-, or 72-hr incubation with TGFP1 (0.25, 2.5, or 25 ng/ml) on basal GH secretion in cultured rat anterior pituitary 
cells. Data are the mean t SE from three or more independent experiments performed in triplicate. Asterisks denote significant differences 
from the corresponding control (*P < 0.05, **P < 0.01). 

W control 
ACTlVlN 0.25 ng/ml 

0 ACTlVlN 2.5 ng/ml 

2 4  4 8  72 

Time of incubation (h) 
Figure 6. The effects of 24-, 48-, or 72-hr incubation with activin (0.25, 2.5, or 25 ng/ml) on basal GH secretion in cultured rat anterior pituitary 
cells. Data are the mean & SE from three or more independent experiments performed in triplicate. Asterisks denote significant differences 
from the corresponding control (*P < 0.05, *‘f < 0.01). 

PRL secretion is mediated by a protein kinase C path- 
way in cultured rat anterior pituitary cells (1 5 )  and rat 
GH3 cells (16, 17). Therefore, TGFP1 possibly sup- 
presses the protein kinase C-dependent mechanism and 
may also affect basal PRL secretion, which is mediated 
by the protein kinase C-dependent pathway. 

This study also demonstrated that TGFP and acti- 
vin have multiple effects on basal secretion of pituitary 
hormones. Both TGFP1 and activin inhibited PRL 
secretion, but stimulated FSH secretion (3, 11 )  by cul- 
tured pituitary cells. Interestingly, TGFP l and activin 

showed an opposite effect on GH secretion by the 
pituitary. Kitaoka el al. (9) have reported that growth 
hormone-releasing factor-mediated GH secretion by 
cultured pituitary cells was reduced after preincubation 
with activin for 48 hr. Bilezikjian et al. (1 8) confirmed 
these observations and further observed that activin 
suppressed basal secretion of GH by cultured pituitary 
cells for up to 72 hr. Our results confirmed that activin 
has an inhibitory effect on basal secretion of GH by 
cultured pituitary cells. 

On the other hand, TGFPl stimulated and activin 
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inhibited basal secretion of GH by cultured pituitary 
cells, suggesting that there are different mechanisms by 
which TGFpl and activin act at different target cells. 
Several types of receptors for TGFPl and activin have 
been identified on various target cells. First, Cheifetz et 
al. (19) have demonstrated that, in GH3 pituitary tumor 
cell. activin and inhibin interacted with TGFPl in a 
ligand receptor assay. but did not interact in other cells 
containing TGFP receptors, such as Buffalo rat liver 
cells (BRL-3A). mink lung epithelial cells (Mvl Lu), 
and human skin fibroblast (GM370). Conversely. acti- 
vin receptors that did not interact with TGFP1 have 
been identified on rat granulosa primary cultured cells 
(20), human leukemia cells (K562) (2 1). and murine 
erythroleukemia cells (F5-5) (22). Furthermore. Kondo 
et al. (23) have found activin receptors that interact 
with TGFPl on Friend leukemia cell and embryonal 
carcinoma1 cells. Therefore, it is possible that similar 
receptors on gonadotrophs and lactotrophs recognize 
both TGFPl and activin, consequently resulting in a 
similar effect on basal secretion of FSH and PRL. 
whereas different receptors on somatotrophs are re- 
sponsible for the opposite effect of TGFP1 and activin 
on GH secretion. 

In a previous study, one of us has observed that 
human platelet-derived TGFpl had no effect on basal 
PRL secretion (3). But, in the present study. human 
recombinant TGFP I inhibited PRL secretion. This dis- 
crepancy in PRL secretion may be due to different 
preparations of TGFP 1. Certainly. further study is 
needed to test this possibility. Another possibility is 
probably the sensitivity of PRL RIA employed. Re- 
cently, we have established an improved RIA which 
routinely measures PRL levels in medium at 1/1000 
dilution, whereas previous RIA were not as sensitive. 
Therefore. samples were measured at PRL concentra- 
tions below the sensitivity of the previous RIA proce- 
dure. Indeed. a recent concurrent comparison of these 
two procedures of PRL RIA has provided a different 
sensitivity for PRL measurement. 

Prolactin, an important hormone during preg- 
nancy and lactation (24), also has an effect on immune 
responses. The hypoprolactinemic condition in mice 
induced by administration of dopamine agonist, bro- 
mocriptine, suppressed T cell-dependent induction of 
macrophage activation and the production of interferon 
by T lymphocytes (6). Treatment with antibodies 
against PRL inhibited mitogen-induced proliferation of 
both murine- and human-cultured lymphocyte (8). 
Thus, PRL is an important factor that maintains lym- 
phocyte function. On the other hand. TGFP1 and 
activin have suppressive activity in mitogen-induced 
lymphocyte proliferation (25). Since TGF$l is a factor 
that is secreted by activated macrophages (26), the effect 
of TGFPl on the suppression of PRL secretion by the 
pituitary may be involved in feedback action on the 
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immune system. Moreover. macrophages have been 
identified in various endocrine organs, including ante- 
rior pituitary lobes, by the immunohistochemical lo- 
calization of a macrophage-specific antigen (27). It is 
possible that the suppressive effects of TGFP1 and 
activin on PRL secretion by the pituitary are mediated 
b j  macrophage. Consequently. TGFP 1 and activin 
could play an antagonist paracrine/autocrine role in 
immunomodulation. 
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