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SUMMARY

The responsiveness of anterior pituitary tumor (GHs) cells to promoters of prolactin
secretion and/or synthesis and cyclic AMP accumulation was studied as a function of
cellular Ca®* content. GH; cells exposed to media containing 1 mM ethylene glycol bis(8-
aminoethyl ether)-N,N,N’,N’-tetraacetic acid were reduced 7-fold in Ca** content without
loss of viability. Preparations of Ca>*-depleted cells were largely unchanged in cyclic
AMP content when challenged by thyrotropin-releasing hormone (TRH), whereas cells
which were subsequently restored at optimal Ca®>* (0.5 mM) responded to the hormone
with 2- to 3-fold increases in cyclic AMP content. The decreased responsiveness of Ca**-
depleted cells to TRH was not influenced by phosphodiesterase inhibitors, incubation
time, or hormone concentration. TRH-dependent cyclic AMP accumulation was markedly
potentiated by forskolin in Ca®*-restored, but not in Ca®*-depleted, cell preparations.
Forskolin extended the time period during which cyclic AMP accumulated in response to
TRH without altering the TRH concentration dependency of the cells. Varying increases
in GH; cyclic AMP content occurred in response to other hormones or agents which
enhance prolactin secretion and/or synthesis. In Ca**-restored cells, cyclic AMP content
was increased 2-fold by prostaglandin E, (PGE,) and epidermal growth factor (EGF), 10-
to 15-fold by vasoactive intestinal polypeptide (VIP) and 6-fold by phorbol myristate
acetate (PMA); the capacity of Ca®*-depleted cells, however, to accumulate cyclic AMP
in response to PGE,, EGF, and VIP was greatly reduced. Accumulation of cyclic AMP
following short-term incubations with cholera toxin similarly was dependent on Ca®*.
Exposure of GH; cells preloaded with **Ca to TRH, PGE,, EGF, PMA, or VIP resulted
in losses of cell-associated ‘*Ca. Pretreatment with these agents resulted in a decreased
capacity of the cells to accumulate **Ca from the extracellular medium. The results of
this study support the hypothesis that various putative humoral regulators of prolactin
secretion and/or synthesis act on GH; cells to alter intracellular Ca®* metabolism which
in turn results in an increased cyclic AMP content through stimulation of adenylate
cyclase activity.

INTRODUCTION

Studies with methylxanthines and cyclic AMP ana-
logues in intact anterior pituitary tissue led to the pro-
posal in 1975 that cyclic AMP regulates prolactin secre-
tion by specialized cells of the anterior pituitary (1).
Since regulators of prolactin synthesis and/or secretion
such as TRH' may affect more than one cell type in the

This work was supported by United States Public Health Service
Grants AM 28099, NS 10975, and NS 11340.

' The abbreviations used are: TRH, thyrotropin-releasing hormone;
VIP, vasoactive intestinal polypeptide; Tes, N-[tris(hydroxymethyl)-
methyl-2-aminoJethanesulfonic acid; EGF, epidermal growth factor;
PGE,, prostaglandin E,; PMA, phorbol myristate acetate; EGTA, eth-
ylene glycol bis(8-aminoethyl ether)-N,N,N’,N'-tetraacetic acid.

anterior pituitary, well-characterized cloned strains of
pituitary tumor (GH) cells are frequently employed to
elucidate the mechanism of action of specific regulatory
factors. GH cells synthesize and secrete prolactin in
response to a variety of humoral substances (2), including
TRH and VIP; accumulation of cyclic AMP response to
both agents has been observed (2, 3). Analogues of cyclic
AMP, phosphodiesterase inhibitors, and cholera toxin
(4-6) enhance prolactin synthesis in GH cells and mimic
the effects of TRH on prolactin release (4, 5). It has been
proposed (5) that cyclic AMP activates a protein kinase
in these cells which is subsequently involved with the
phosphorylation of proteins required for the secretory
process, for gene transcription, or for translation. How-
ever, TRH stimulation of thyrotropin or prolactin release
0026-895X /83/020399-10$02.00/0
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is reported to be dissociated from changes in cyclic AMP
concentration; therefore, considerable controversy has
arisen regarding the role of cyclic AMP in prolactin
secretion and/or synthesis (7).

Evidence that Ca** stimulates prolactin synthesis and
secretion and serves as the primary intracellular media-
tor of TRH action in GH cells is extensive. Reduction of
extracellular Ca®* inhibits prolactin release (8) and de-
creases total prolactin synthesis several-fold (9). Concen-
trations of mRNA for the prolactin sequence increase in
parallel with Ca**-induced increases in the rate of pro-
lactin synthesis (10). TRH produces Ca**-dependent in-
creases in action potential frequency (11-13) and rapid
changes in intracellular Ca®* content (14-16). Recently
TRH and cyclic AMP were reported to activate distinc-
tive, but overlapping, pathways of protein phosphoryla-
tion in GH cells (17, 18), providing evidence against a
role for cyclic AMP as the intracellular mediator of TRH
action.

Clarification of the interrelationships which exist be-
tween Ca®* and cyclic AMP in the anterior pituitary
should provide further insight into the mechanisms gov-
erning prolactin secretion and/or synthesis. Synthesis of
cyclic AMP in intact neural tissue is believed to be
regulated by Ca®* and by the intracellular Ca®** receptor
protein, calmodulin (19, 20). A calmodulin-dependent
form of adenylate cyclase from cerebral cortex has been
characterized (21). Although anterior pituitary cells do
not originate from cells of the neural crest, homogenates
of GH; cells possess a Ca**-stimulated adenylate cyclase
activity which, unlike the brain enzyme, does not appear
to possess a dissociable calmodulin unit (22). Evidence is
lacking, however, that Ca®* regulates cyclic AMP for-
mation in intact, prolactin-producing pituitary cells. The
present study was undertaken to assess the role of Ca®*
in TRH-dependent cyclic AMP accumulation and to
ascertain whether other regulators of prolactin secretion
and/or synthesis alter both cyclic AMP and Ca** metab-
olism in intact GH cells.

EXPERIMENTAL PROCEDURES

Materials. Medium and sera were purchased from
Grand Island Biological Company (Grand Island, N. Y.).
Methylisobutylxanthine, Tes, TRH, PGE,, PMA, 4-a-D-
phorbol, VIP, cyclic AMP, 2,3,5-D-triiodothyronine, do-
pamine hydrochloride, histamine hydrochloride, carba-
mylcholine chloride, and hydrocortisone 21-hemisuccin-
ate were obtained from Sigma Chemical Company (St.
Louis, Mo.). Cholera toxin was purchased from Schwarz/
Mann (Orangeburg, N. Y.), forskolin from Calbiochem-
Behring (San Diego, Calif.), and receptor-grade EGF
from Collaborative Research, Inc. (Waltham, Mass.).
['*I]-Labeled 2'-O-succinyl cyclic AMP tyrosine methyl
ester (>150 Ci/mmole), **CaCl, (40.5 mCi/mg), and
[methoxy-*Hlinulin (515 Ci/mole) were obtained from
New England Nuclear Corporation (Boston, Mass.). Cal-
modulin was purified from bovine brain as described
previously (23).

Cell culture. The GH; strain of rat pituitary tumor
cells was obtained from the American Type Culture

Collection, maintained in monolayer culture in Ham’s F-
10 medium supplemented with 12.5% horse serum and
5% fetal calf serum and subcultured as described (2).
Stock cultures were grown to late logarithmic phase
without antibiotics in plastic culture flasks (Falcon, 25
cm?) at 37°. Experimental cultures were grown at 37° in
glass roller bottles, 23 cm in length and 11 cm in diameter,
with 400 ml of complete medium containing penicillin (25
units/ml) and streptomycin (50 ug/ml). Cells from three
stock flasks were used to initiate growth of experimental
cultures which were harvested following 12-14 days of
growth.

Cells adapted over a 3-month period to serum-free
conditions, in monolayer culture in medium supple-
mented with transferrin and growth factors as described
by Hayashi and Sato (24), were employed to complement
the data of Table 1.

Preparation of Ca®*-depleted and Ca®*-restored cells.
Cells were detached from glass surfaces with a plastic
scraper and the cell suspension was centrifuged at 25°
for 5 min at 600 X g. Pellets of cells from one roller bottle
were suspended in 100 ml of a buffered saline solution
containing 137 mm NaCl, 5 mm KCI, 5.6 mM glucose, 1
mM EGTA, and 25 mm Tes (pH 7.5). The cell suspension
was centrifuged as described above and the cell pellet
was resuspended in another 100 ml of the buffered saline.
The cell suspension was then incubated at 37° for 20 min
and recentrifuged, and the pellet was resuspended in 100
ml of the buffered saline. Following a final centrifugation
the cells were suspended in Tes-buffered saline contain-
ing 1 mM EGTA and 1 mm MgCl,. Ca**-restored cells
were prepared by adding CaCl, to a concentration of 3
mM (2 mMm in excess of EGTA) to a portion of the
suspension of Ca*-depleted cells. Unless indicated other-
wise, aliquots of Ca®*-depleted and Ca®*-restored cell
suspensions in glass tubes were pre-equilibrated at 37°
for 30 min. Hormones, drugs, or other additives were
dissolved in buffered saline and added to cells in 10- to
20-pl volumes per milliliter of cell suspension. Concen-
trated stock solutions of PMA or 4-a-D-phorbol were
prepared in dimethyl sulfoxide and diluted in saline prior
to use. Viability of cell preparations, as assessed by
exclusion of trypan blue dye, was routinely 90% + 5%.
The cyclic AMP content of Ca**-restored cells was un-
changed from that of nondepleted cells under a variety
of incubation conditions.

Determination of cyclic AMP content. Extracts of cell
suspensions were prepared as described previously (25).
Cell extracts were acetylated with acetic anhydride and
assayed for cyclic AMP by the radioimmunoassay pro-
cedure of Harper and Brooker (26), using ['*I]-labeled
2'-0O-succinyl cyclic AMP tyrosine methyl ester as ligand
and a rabbit antibody prepared according to the method
of Steiner et al. (27). Results are expressed as means +
standard deviation of triplicate or quadruplicate incuba-
tions from a single preparation of cells in a single exper-
iment. Each experiment was performed at least three
times to verify results.

Ca®* flux studies. Measurements of cell-associated
“*Ca and **Ca uptake were performed according to mod-
ifications of the procedures of Tan and Tashjian (15).
Cells were suspended in growth medium and then washed

2102 ‘9 JaquiadaQ Uo ollduer ap Oy Op OpeIST Op apepisianiun e Bio sjeuinofadse wieydjow woiy papeojumoq


http://molpharm.aspetjournals.org/

aspet

twice by centrifugation and resuspension in fresh Tes-
buffered Ham’s F-10 medium (pH 7.4) containing 1%
serum albumin at room temperature. For measurements
of cell-associated Ca®*, cell suspensions were incubated
at 37° for 4 hr with “*CaCl; (2 uCi/ml) (specific activity,
1.5 uCi/umole). As reported previously for GH,C, cells in
monolayer culture (15), cell **Ca content reached a max-
imum at 2 hr of incubation and remained constant during
the next 2 hr of incubation. Agents to be examined for
effects on cell Ca®* content were then added and the
incubation was continued for an additional 15 min. Ali-
quots of cell suspension (0.5 ml) were withdrawn and
added to 10 ml of ice-cold 150 mm NaCl containing 2.5
mM LaCl; and 1.5% (w/v) serum albumin in conical glass
centrifuge tubes. Following centrifugation at 1000 X g for
5 min at 4°, supernatant fluids were removed and the
tubes were inverted to drain. Traces of solution were
removed from the sides of the tubes with cotton swabs,
and the cell pellets were dissolved in saline containing
1% Triton X-100. Aliquots of dissolved cells were then
analyzed for radioactivity. Unlabeled cells and **Ca were
added separately to the saline-LaCl; solution described
above to assess the contribution of extracellular “’Ca;
values obtained constituted the blanks and were sub-
tracted from experimental values. Blank values were

TABLE 1

Cyclic AMP content and cyclic AMP phosphodiesterase activities of
GH; cells grown in the presence of different fetal calf serum
preparations

GHj cells obtained from the same seed stock preparation were grown
to late logarithmic phase in culture flasks in complete growth medium
with the fetal calf serum lot number indicated or under serum-free
conditions. A, Ca?*-depleted and Ca?*-restored cells were prepared
from each set of cultures and were assayed for cyclic AMP content
following 1 min of incubation with 0.1 um TRH or saline. B, Sonically
disrupted homogenates of cells grown with different fetal calf serum
preparations were analyzed for cyclic nucleotide phosphodiesterase at
the indicated cyclic AMP concentrations. EGTA (0.1 mM) was present
in all incubations. Ca®* and calmodulin, where added, were 0.2 mM and
1 pg, respectively. Activities are expressed as total cyclic nucleotide
phosphodiesterase present in incubations under the conditions indi-
cated.

A. Cyclic AMP content

Serum Lot no. Ca?®* restoration —-TRH +TRH
of cells
pmoles-mg protein™
31K2913 - 15+£02 19+£0.1
31K2913 + 16+£03 29103
32P9121 - 29+02 33x01
32P9121 + 18+£01 35+02
None (serum-free) - 1.6 £ 0.2 19+0.1
None (serum-free) + 1.5+£02 30+03
B. Cyclic AMP phosphodiesterase activity
ISJ;arum Assay conditions Cyclic AMP concentration
t no.
025uM 25uM  25uM
pmoles cyclic AMP hydrolyzed-
min~'-mg protein™'
31K2913 EGTA 33 220 1230
31K2913 Ca® + calmodulin 83 450 2260
32P9121 EGTA 24 120 400
32P9121 Ca’* + calmodulin 38 240 740
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routinely 5%-10% of experimental values. Results are
expressed as the average *+ range of values (five or six
per test substance) obtained.

For measurements of **Ca uptake, cells suspended in
fresh, buffered Ham’s F-10 medium were pretreated with
test substances for 30 min at 37°. **Ca was then added
and the incubation was continued for an additional 4 hr.
Aliquots of cell suspension (0.5 ml) were analyzed for
cellular **Ca by the centrifugation procedure described
above.

The capacity of Ca**-depleted cells to take up **Ca
following a pretreatment with various agents was also
examined. Ca®*-depleted cells were prepared as described
above and were pre-equilibrated for 30 min at 37° in Tes-
buffered saline containing 1 mm MgCl,, 1 mM EGTA,
and 60 um Na HPO,. Cells were then incubated for 5 min
with test substances and subsequently with 1.5 mm **Ca
(4 uCi-pumole™") for an additional 5 min. Aliquots of cell
suspension were removed and cellular *Ca was deter-
mined as described above.

Cyclic AMP phosphodiesterase activity. Cells were
washed with the Tes-buffered saline solution described
above and were harvested by centrifugation at 600 X g
for 5 min and suspended in 10 mmM imidazole (pH 7.5)
containing 3 mM MgCl,. Suspensions were homogenized
by sonic disruption and analyzed for cyclic nucleotide
phosphodiesterase under standard conditions (28) at 0.1
mmM EGTA with cyclic AMP as substrate. Ca**, calmod-
ulin, and cyclic AMP concentrations were as indicated in
the text. Values were corrected for controls without
enzyme.

Miscellaneous. Ca** contents of standard solutions of
cells and of their extracellular fluids were measured with
a Model 303 Perkin-Elmer atomic absorption spectro-
photometer equipped with a Model 2200 HGA graphite
furnace. At least five determinations were made for each
sample. The standard error of the mean, based on three
different cell preparations, was +10%. Protein concentra-
tions were determined by the method of Sedmak and
Grossberg (29), using bovine serum albumin as standard.

RESULTS

Ca** dependence of cyclic AMP accumulation in re-
sponse to TRH. The effect of Ca** on the cyclic AMP
content of unstimulated GHj; cells was observed initially
to vary with the lot of fetal calf serum in which the
culture had been grown (Table 1A). Serum lots fell
routinely into two categories, as typified by lot numbers
31K2913 and 32P9121, with respect to the cyclic AMP
content of unstimulated Ca®*-depleted cells. Cells har-
vested from some sera (e.g., Lot 31K2913) upon subse-
quent Ca®* depletion possessed cyclic AMP contents
either slightly lower than or equal to that of their Ca**-
restored counterparts, whereas cells from other sera (e.g.,
Lot 32P9121), when Ca®*-depleted, exhibited signiﬁ-
cantly higher cyclic AMP contents than when Ca®*-re-
stored. The cyclic AMP content of Ca®*-restored cells,
however, was largely invariant with fetal calf serum lot.
TRH produced an accumulation of cyclic AMP in Ca**-
restored cells grown with either serum but was signifi-
cantly less effective in raising the cyclic AMP content of
Ca®*-depleted cells.regardless of their initial nucleotide
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content. Cells grown serum-free exhibited cyclic AMP
contents and TRH responses which were similar to those
of cells grown with Lot 31K2913.

The observed variability in the cyclic AMP content of
unstimulated Ca®*-depleted cells harvested from differ-
ent growth sera appeared to correlate with variances
found in cellular cyclic AMP phosphodiesterase activities
(Table 1B). Analyses of cyclic AMP phosphodiesterase
activities from cell homogenates indicated that cells pro-
duced from serum Lot 31K2913 possessed 2- to 3-fold
more phosphodiesterase activity than did cells from Lot
32P9121, with proportionate elevations being found for
both the Ca®*-dependent and Ca®*-independent forms of
the activity. Cells harvested from Lot 31K2913 when
Ca®*-depleted had low basal cyclic AMP content which
correlated with a high Ca**-independent phosphodiester-
ase activity. By contrast, cells from Lot 32P9121 (which
are low in phosphodiesterase activity) when Ca®*-de-
pleted had a relatively high cyclic AMP content which
was lowered to the basal value by Ca®* restoration,
presumably as a reflection of the activation of the Ca®*-
dependent phosphodiesterase activity. Similar correla-
tions appear to hold for the cyclic AMP content of Ca®*-
depleted TRH-stimulated cells. The cyclic AMP content
of TRH-stimulated Ca®*-restored cells, however, ap-

TABLE 2

Ca** and cyclic AMP content of Ca**-depleted and Ca**-restored
GH cells

A. Ca®-depleted or Ca®*-restored cells were pretreated for 45 min in
new polypropylene tubes. Cells were separated from their extracellular
media by centrifugation at 600 X g for 5 min. After allowing the tubes
to drain, the insides were wiped dry with cotton swabs and the pellets
of cells were suspended in Ca’*-free water. To remove extracellular
bound Ca?* from Ca?*-restored preparations, aliquots of the latter were
centrifuged through 10 ml of ice-cold saline containing 2.5 mm LaCls
and 1% serum albumin, and samples prepared as above. All cell samples
were then analyzed for Ca?* content by atomic absorption spectropho-
tometry. Contributions of extracellular Ca®>* were estimated from the
[*H])methoxyinulin space of each pellet and were subtracted. Values
provided represent averages + range of five determinations per sample.
The Ca®* content of the extracellular medium was also determined by
atomic absorption spectrophotometry and was found to be 2.7 mm for
Ca®*-restored cells and 6.7 uM for Ca**-depleted cells.

B. Ca**-depleted and Ca**-restored cells were pretreated for 30 min
with or without 1 mM methylisobutylxanthine and for an additional 2
min with or without 0.1 um TRH. Cell samples were then analyzed for
cyclic AMP content.

A. Determination of Ca®* content

Cells Ca®* content
nmoles-mg protein™'
Ca®*-depleted 2.8 +0.2
Ca®*-restored 2+2

Ca®*-restored, LaCls-saline washed 191
B. Determination of cyclic AMP content
Cells Cyclic AMP

—Methylisobutylxan-  +Methylisobutylxan-
thine thine

—TRH +TRH -TRH +TRH

pmoles-mg protein™'
Ca’*-depleted 1.5+ 0.1 1.8+ 0.1 90+ 3 88 +3
Ca®*-restored 23+ 0.1 45+01, 70+2 140 + 4

peared to reflect a balance between Ca’* stimulation of
both synthesis and degradation. For the purpose of con-
sistency, experiments to follow were performed with cells
grown in the presence of fetal calf serum Lot 31K2913.

To verify that cells prepared with solutions containing
EGTA were Ca?*-depleted, the Ca®* content of cells in
EGTA-containing medium was compared with that of
cells in medium containing 2 mM Ca®* in excess of EGTA.
Cells were separated from their extracellular medium by
centrifugation and were analyzed for Ca’* content by
atomic absorption spectrophotometry (Table 2A). The
Ca®* content of Ca®*-depleted cells was found to be 14%
of that present in Ca®*-restored preparations. It was
presumed that extracellular bound Ca** did not contrib-
ute significantly to the value obtained for Ca®*-restored
cells since a Ca®* determination of the latter following
centrifugation through a LaCl;-containing saline solution
provided a similar value. The effect of a phosphodiester-
ase inhibitor on the cyclic AMP content of Ca**-depleted
and Ca®*-restored cells and on the responses of these cell
preparations to TRH was also examined (Table 2B).
Methylisobutylxanthine (1 mM) increased the cyclic
AMP content of unstimulated cells approximately 40-
fold; the nucleotide content of Ca**-restored cells was
slightly lower than that of Ca®*-depleted cells in the
presence of inhibitor. As was observed without inhibitor,
TRH increased the cyclic AMP content of Ca”*-restored
cells 2-fold; no cyclic AMP accumulation was observed,
however, in Ca®*-depleted cells.

The time dependence of TRH-stimulated cyclic AMP
accumulation in Ca®*-depleted and Ca®*-restored cells is
shown in Fig. 1. A rapid increase in cyclic AMP content .
was apparent in Ca®*-restored cells; maximal responses
(2.5-fold increases over basal) were observed within 0.5-
2 min following addition of hormone. After 2 min the
cyclic AMP content was observed to decline, and basal
levels of nucleotide were reattained approximately 30
min after TRH addition. Ca**-depleted cells treated with
TRH exhibited smaller increases in cyclic AMP content;
the greatest increase over basal cyclic AMP content (40%
stimulation) was observed within 0.5 min following TRH
addition.

w

-

CAMP , pmol-mg protein '
n

- > 1 —— —
0 5 10 20 30
Minutes with TRH

FiG. 1. Accumulation of cyclic AMP with time in suspensions of
Ca**-depleted and Ca**-restored GH; cells following addition of TRH

Ca”*-depleted (O) or Ca**-restored (@) cells were challenged with
0.1 um TRH. At the indicated times aliquots of cell suspension were
removed for cyclic AMP measurements.
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FiG. 2. Extracellular Ca** concentration dependence of the cyclic
AMP content of GH, cells in the absence or presence of TRH

Ca**-depleted cells were pretreated for 30 min in extracellular me-
dium containing the indicated Ca®* concentrations. Cells were then
incubated for 1 min without (O) or with (@) 0.1 M TRH, and the cyclic
AMP content was determined.

The extracellular CaCl; concentration dependence of
the cyclic AMP content of unstimulated cells and of cells
exposed to TRH for 1 min is shown in Fig. 2. Cyclic AMP
in unstimulated cells increased slightly as a function of
external Ca®* concentration; 1.5 mM added Ca** in-
creased the cyclic AMP content approximately 50%.
Cyclic AMP accumulated in response to TRH was de-
pendent on extracellular Ca®*, with a maximal response
(3-fold increase in cyclic AMP content) observed at 1.5
mM added Ca**. Since the EGTA concentration of the
external medium was 1 mM, a free Ca®* concentration
approximating 0.5 mm provided maximal TRH responses.

The TRH concentration dependence of cyclic AMP
accumulation in Ca®*-depleted and Ca®*-restored cells
was also examined (Fig. 3). In Ca**-restored cells, maxi-
mal and half-maximal accumulations of cyclic AMP were
obtained with 10 and 3 nm TRH, respectively. The hor-
mone concentration dependence was similar in Ca**-de-
pleted cells, but increases in cyclic AMP content were
considerably smaller at all TRH concentrations tested.

rr—

(3]
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"

»
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o
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cAMP, pmol-mg protein™
N oo
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F16. 3. TRH concentration dependence of cyclic AMP accumula-
tion in Ca**-depleted and Ca**-restored GH, cells

Ca**-depleted (O) or Ca**-restored (@) cells were incubated for 1
min with the indicated concentrations of TRH, and the cyclic AMP
content was determined.

Potentiation of TRH-dependent cyclic AMP accumu-
lation by forskolin. The diterpene forskolin has been
reported to activate adenylate cyclase in membranes
from a variety of tissues via direct interaction with the
catalytic subunit (30). In addition, in intact cells forskolin
augments receptor-mediated increases in cyclic AMP (30,
31). It was of interest, therefore, to determine whether
this agent would augment the increase in cyclic AMP
seen in GH; cells following TRH. As shown in Table 3,
the cyclic AMP content of Ca**-depleted and Ca**-re-
stored GH; cells was enhanced 10-fold by 1 um forskolin
and 70-fold by 10 uM drug. When Ca**-depleted cells
were incubated with TRH in combination with forskolin,
the cyclic AMP content was equivalent to that obtained
with forskolin alone. In Ca®*-restored cells, however, a
combination of TRH and 1 or 10 uM forskolin resulted in
a marked potentiation of cyclic AMP accumulation over
that seen with TRH or forskolin alone.

The influence of forskolin on the time dependence of
TRH-stimulated cyclic AMP accumulation in cells sus-
pended in Ca’**-containing medium (nondepleted cells)
was then examined (Fig. 4A). TRH alone produced the
characteristic rapid rise and fall in cyclic AMP concen-
tration. Forskolin (0.5 uM) alone produced a rapid in-
crease in cyclic AMP; 2 min of incubation with the drug
produced an 8-fold increase in nucleotide content which
was maintained throughout the remainder of the 30-min
incubation period. TRH in combination with forskolin
produced synergistic elevations of cyclic AMP at all
incubation times. Maximal cyclic AMP content (a 3-fold
increase over that of forskolin alone) was maintained for
at least 6 min of incubation. After 8 min of incubation
with both agents the cyclic AMP content was observed
to decline slowly.

Daly et al. (31) observed in brain slices that augmen-
tation by forskolin of cyclic AMP accumulation in re-
sponse to a variety of hormones involves either an en-
hanced efficacy or an increased apparent potency for a
given hormone. The potentiation by forskolin of TRH-
dependent cyclic AMP accumulation in GH; cells in the
presence of Ca’** was found to involve an enhancement
of TRH efficacy (Fig. 4B). Forskolin (0.5 uM) produced
a 10- to 15-fold enhancement of hormone-specific cyclic
AMP accumulation at all TRH concentrations examined.
However, the TRH concentration producing a maximal

TABLE 3
Forskolin concentration dependence of cyclic AMP accumulation in
Ca**-depleted and Ca**-restored GH; cells in the presence and
absence of TRH
Ca”*-depleted and Ca®*-restored cells were incubated for 2 min with
the indicated concentrations of forskolin and with or without 0.1 um
TRH, and were subsequently analyzed for cyclic AMP content.

Forskolin Cyclic AMP content
-TRH +TRH
Ca®*-de- Ca®*-re- Ca®*-de- Ca’*-re-
pleted cells stored cells pleted cells stored cells

uM pmoles-mg protein™'

0 16 £ 0.3 1.8+ 0.2 19+0.1 33102

1 15+2 22+2 18+ 2 56 + 4
10 120+ 5 130+ 5 120+ 5 235 £ 10
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Fi1G. 4. Potentiation by forskolin of TRH-dependent cyclic AMP
accumulation in GH, cells in the presence of Ca**

A. Time course of cyclic AMP accumulation. GH; cells suspended in
medium containing 1 mM CaCl: and no EGTA were incubated for the
indicated times with 0.1 uM TRH (O), with 0.5 uMm forskolin (@), or with
0.1 um TRH and 0.5 um forskolin (A), and the cyclic AMP content of
the samples was determined.

B. TRH concentration dependence of cyclic AMP accumulation.
Cells suspended in medium containing 1 mm CaCl. and no EGTA were
incubated for 2 min with the indicated concentrations of TRH and in
the absence (O) or presence (®) of 0.5 uM forskolin, and the cyclic AMP
content was subsequently determined.

¢AMP , pmol-mg protein ™'
N
=

o

response (approximately 10 nM) was unchanged in the
presence of forskolin.

Cyclic AMP accumulation in response to other mod-
ulators of prolactin synthesis and/or secretion. Prosta-
glandins (32), EGF (33, 34), VIP (3), and the tumor-
promoting phorbol ester PMA (35) have been demon-
strated to enhance prolactin synthesis and/or secretion
in GH cells. In view of the proposals that Ca®* and cyclic
AMP modulate prolactin synthesis or secretion or both,
it was of interest to test the capacity of such agents to
promote cyclic AMP accumulation in a Ca**-dependent
manner. The cyclic AMP contents of Ca**-depleted and
Ca®*-restored GH; cells following short-term incubations
with a variety of agents in the absence or presence of a
phosphodiesterase inhibitor are given in Table 4. In-
creases in cyclic AMP were observed following treat-
ments with TRH, PGE,, PMA, EGF, and VIP, with the
latter producing the greatest response; cyclic AMP ac-
cumulation following TRH, PGE,, EGF, and VIP was
significantly greater in Ca®*-restored than in Ca®*-de-
pleted cell preparations. Histamine, carbamylcholine, the
inactive phorbol ester analogue 4-a-pD-phorbol, and do-
pamine, which have not to our knowledge been reported
to promote prolactin synthesis and/or secretion in GH3
cells, did not elevate cyclic AMP concentrations in either
Ca®*-depleted or Ca**-restored cells.

The time dependence and degree of cyclic AMP accu-
mulation varied with the individual agent examined (Fig.
5). Concentrations of agents which produced maximal
degrees of cyclic AMP accumulation at 1 min of incuba-
tion (data not shown) were chosen for the purpose of
comparison. Time courses of and degrees of cyclic AMP
accumulation in Ca®*-restored cells following 30 nm PGE,
and 30 nm EGF were similar to such parameters observed
following the addition of 0.1 uM TRH (Fig. 1). In contrast,

TABLE 4

Cyclic AMP contents of Ca**-depleted and Ca**-restored GH; cells
treated with various hormones
Ca®*-depleted and Ca®*-restored cells were pretreated for 20 min
without (Experiment I) or with (Experiment II) 1 mM methylisobu-
tylxanthine. Cell preparations were then challenged with agents indi-
cated and analyzed for cyclic AMP content after 2 min of incubation.
ND, Not determined.

Agent Cyclic AMP content
Expt I (—methylisobu- Expt II (+methylisobu-
tylxanthine) tylxanthine)
Ca®*-de-  Ca®*-re- Ca®*-de- Ca®*-re-
pleted cells stored cells pleted cells stored cells
pmoles-mg protein™

None 14 +£0.2 22102 1255 70+3
TRH (0.1 um) 1.8 +£0.2 48 £ 0.1 140 £ 10 1305
PGE, (30 nm) 1.9+ 0.2 4.5+0.1 125+ 5 120 + 10
PMA (0.1 um) 48 £ 0.1 44 +03 230+ 5 190+ 5
EGF (50 nM) 1.8+ 04 43+ 0.1 125+ 5 1105
VIP (0.1 uMm) 92+10 25+ 3 470 £ 20 780 + 40
Histamine (1.0

M) 14 +£0.2 2.1+0.2 ND ND
Carbamylcho-

line (1.0 uM) 1.2+02 1.8+ 02 ND ND
Dopamine (1.0

uM) 16 +£0.2 21+0.2 120+ 5 733
4-a-D-Phorbol

(0.1 um) 1.7+£0.2 2.5+ 0.2 125+ 5 7% +3

a 15-fold increase in the cyclic AMP content of Ca®*-
restored cells was observed within 1 min of incubation
with 0.1 uM VIP; thereafter cyclic AMP concentrations
declined rapidly. However, Ca®* dependencies of the
responses to VIP as well as to PGE, and EGF were
apparent at all times following hormone addition. Accu-
mulation of cyclic AMP following PMA differed in two
respects from that following hormones. First, cyclic AMP
was elevated for longer time periods; the maximal cyclic
AMP content (a 4- to 6-fold elevation of cyclic AMP over
basal level) was attained at 3 min following addition of

-ﬂ_'—!‘—“'ﬂ—“—!j

4 [ PGE, h [\ EGF :
o] oo
o123 0 30 01 23 10 30
Minutes Minutes

FiG. 5. Accumulation of cyclic AMP with time in Ca®*-depleted
and Ca**-restored GH, cells treated with various agents

Ca**-depleted (O) and Ca**-restored (@) cells were challenged with
0.1 um VIP (upper left), with 0.1 um PMA (upper right), with 30 nm
PGE, (lower left), or with 30 nm EGF (lower right). At the indicated
time periods following addition of the agent, samples were withdrawn
for cyclic AMP measurements.

cAMP, pmol-mg protein”’

2102 ‘9 JaquiadaQ Uo ollduer ap Oy Op OpeIST Op apepisianiun e Bio sjeuinofadse wieydjow woiy papeojumoq


http://molpharm.aspetjournals.org/

PHARM

aspet..

Ca®* AND CYCLIC AMP IN PITUITARY TUMOR CELLS 405

drug and was maintained for another 7 min of incubation.
Whereas cyclic AMP responses to TRH, VIP, PGE,, or
EGF were attenuated at 30 min, the cyclic AMP content
of cells treated for a similar time period with PMA was
elevated 2.5- to 3-fold. Second, cyclic AMP accumulation
in response to PMA was not enhanced by Ca®*. In fact,
the cyclic AMP content of Ca**-depleted cells was some-
what greater than that of Ca®*-restored cells at all times
following addition of drug.

Cholera toxin, which irreversibly activates adenylate
cyclase by catalyzing an ADP-ribosylation of the guanyl
nucleotide regulatory component of the enzyme (36-39),
enhances prolactin synthesis and release by GH; cells
(6). Since cyclic AMP accumulation and activation of
adenylate cyclase following treatment of glial tumor cells
with cholera toxin is dependent on intracellular Ca>* (25),
it was of interest to assess the role of Ca’* in cholera
toxin-stimulated cyclic AMP accumulation in GH; cells.
Ca**-depleted and Ca**-restored cells were treated with
2 nM cholera toxin; at varying times of incubation the
cells were harvested by centrifugation and the cyclic
AMP content was determined (Fig. 6). Twenty minutes
of incubation were required to detect an increase in the
cyclic AMP content of Ca**-restored cells. Thereafter the
cyclic AMP content increased rapidly, and maximal ac-
cumulation of nucleotide was obtained 60 min after toxin
addition. In Ca®*-depleted cells, however, cyclic AMP
was accumulated more slowly, with detectable increases
in nucleotide observable after 30 min of incubation with
toxin. More than 90 min of incubation with toxin were
required for maximal cyclic AMP (90 pmol - mg protein™')
to be attained in Ca**-depleted cells.

“Ca flux studies. Several recent studies (14-16) have
provided evidence that TRH promotes an efflux of Ca**
from GH cells. Other modulators of prolactin synthesis
and/or secretion, however, have not been reported to
regulate Ca’* metabolism in these cells. In view of the
Ca®* dependence of cyclic AMP accumulation in re-
sponse to several prolactin-modulating agents, it was of
interest to examine the effects of such agents on GH; cell
Ca’* content. Initially, cells preloaded with “*Ca for 4 hr
in Ham’s medium were incubated for 15 min with test

CAMP , pmol-mg protein™
H [-d @
o © o

N
o

0 30 60 90
Minutes with Cholera Toxin

FiG. 6. Accumulation of cyclic AMP with time in Ca**-depleted
and Ca**-restored GH, cells following addition of cholera toxin

Ca**-depleted (O) or Ca**-restored (@) cells were challenged with 1
nM cholera toxin. Aliquots of cell suspension (1 ml) were removed at
the indicated times following toxin addition and centrifuged immedi-
ately at 1000 X g for 2 min at 4°. Extracellular fluids were discarded,
and cell pellets were analyzed for cyclic AMP content.

TABLE 5

Effects of various agents on total “*Ca content of GH; cells preloaded
with “Ca

Washed cells were suspended in Tes-buffered Ham’s F-10 medium
(pH 7.4) containing 1% serum albumin. Suspensions of cells were
incubated at 37° for 4 hr with “Ca (2 xCi/ml) (1.5 uCi.umole™"). The
agents indicated were then added to cell suspensions, and the incuba-
tion period was continued for an additional 15 min. Aliquots of cell
suspensions (five per experimental value) were withdrawn, and meas-
urements of cell-associated “°Ca were performed.

Agent Cell-associated “Ca
cpm “Ca-107°.mg protein™'
None 19419
TRH (0.1 um) 109 + 1.7
PMA (0.1 pv) 132+ 1.2
PGE, (30 nM) 146 £ 0.3
EGF (30 nM) 159 £ 1.0
VIP (0.1 um) 95+ 15
Methylisobutylxanthine (1 mm) 213+ 25

agents, and cell-associated **Ca was measured (Table 5).
A 50% loss of cell-associated **Ca was observed following
treatment with TRH and VIP. Treatment with PMA,
PGE,, and EGF resulted in 32%, 25%, and 18% losses,
respectively, in cell-associated **Ca. Methylisobutylxan-
thine, however, did not affect cell **Ca content.

The capacity of GH; cells which had been pretreated
with various agents to take up “*Ca was then examined.
Cells were pretreated for 30 min in Ham’s medium with
test agents and then incubated an additional 4 hr with
*Ca. As shown in Table 6, calcium uptake was reduced
20% by TRH and PGE,, 53% by PMA, and 27% by VIP.
In contrast, hydrocortisone, cholera toxin, triiodothyro-
nine, methylisobutylxanthine, and 4-a-D-phorbol had no
effect on calcium uptake. Ca**-depleted GH; cells, pre-
treated for 5 min with various agents, were also tested
for their capacity to accumulate **Ca during a 5-min
incubation with the cation (Table 7). **Ca uptake by
Ca®*-depleted cells was routinely inhibited 40%-80% by
TRH, PGE,, PMA, EGF, and VIP. On the other hand,
pretreatment with 4-a-p-phorbol, cholera toxin, or meth-

TABLE 6
“®Ca uptake by GH; cells pretreated with various agents

Washed cells were suspended in Tes-buffered Ham’s F-10 medium
(pH 7.4) containing 1% serum albumin and 1.3 mm CaCl,, and aliquots
of cell suspension were pretreated for 30 min with the agents indicated.
“Ca (2 uCi/ml) (1.5 uCi-umole™') was then added and cell suspensions
were incubated for 4 hr. Samples of treated cells suspensions (five per
experimental value) were withdrawn for determinations of cell “Ca
content.

Agent Calcium uptake
nmoles-mg protein™'
None 7.7+0.1
TRH (0.1 um) 6.1+02
PGE, (30 nm) 6202
PMA (0.1 um) 3.6 £0.2
VIP (0.1 um) 5.6 £ 0.2
Hydrocortisone (0.1 uM) 74103
Cholera toxin (2.4 nm) 8.0+ 0.3
Triiodothyronine (2 nM) 75+0.1
Methylisobutylxanthine (1 mm) 76+03
4-a-D-Phorbol (0.1 um) 7.6+ 0.2
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TABLE 7

““Ca uptake by Ca**-depleted GH; cells pretreated with various
agents

Ca’*-depleted cells in buffered saline containing 1 mm EGTA were
pretreated for 5 min with the agents indicated. Pretreated cells were
then incubated for 5 min with 1.5 mM “Ca (4 uCi-umole™), and aliquots
of cell suspension (six per experimental value) were withdrawn for
measurements of “Ca uptake. I, II, and III represent three separate
experiments. ND, Not determined.

Agent Calcium uptake
I II I
nmoles-mg protein™'

None 1402 11+£02 12102
TRH (0.1 um) 04+£01 05+01 0602
PGE, (30 nm) 03+£01 0701 0.7x0.1
PMA (0.1 um) 0401 03%1 ND
4-a-p-Phorbol (0.1 uMm) 1.2+ 03 ND ND
EGF (30 nm) 05+0.1 ND 06+0.1
VIP (0.1 um) 03+0.1 ND 04 +02
Cholera toxin (2.4 nm) ND 10+0.1 ND
Methylisobutylxanthine (1 mm) ND 1.1+0.1 ND

ylisobutylxanthine did not influence **Ca uptake by Ca>*-
depleted cells.

DISCUSSION

The results presented in this report demonstrate that
depletion of cellular Ca** reduces the capacity of GH;
cells to accumulate cyclic AMP in response to TRH,
EGF, PGE,, and VIP and retards the effect of cholera
toxin on cyclic AMP accumulation in these cells. Resto-
ration of the extracellular medium with Ca** at concen-
trations believed to prevail in extracellular fluids (i.e.,
0.5-1 mM free cation) restored maximal cyclic AMP
accumulation in response to TRH (Fig. 2) and to other
agents.” A number of observations support the conclusion
that enhancement by Ca®* of cyclic AMP accumulation
in GHj cells reflects the activation of a Ca®**-dependent
form of adenylate cyclase. First, forskolin, which magni-
fies the stimulatory effects of hormones and GTP ana-
logues on adenylate cyclase activity by activating the
catalytic unit of the enzyme (30, 31), potentiated TRH-
dependent cyclic AMP accumulation only in Ca**-re-
stored cells (Table 3). Second, Ca** enhanced cyclic AMP
accumulation in response to cholera toxin (Fig. 6), a
substance which has been established to exert its effects
via an irreversible activation of adenylate cyclase. Third,
the adenylate cyclase activity of cell-free preparations of
GH; cells was previously shown to be stimulated by
micromolar free Ca®* concentrations (22). Last, it is
improbable that Ca®* increases cyclic AMP content by
inhibiting a cyclic AMP phosphodiesterase, since high
concentrations of a potent phosphodiesterase inhibitor
served to enhance (Table 4) and prolong® cyclic AMP
accumulation in response to TRH, VIP, PMA, PGE,, and
EGF in Ca**-restored, but not in Ca**-depleted cells. In
addition, Ca®* stimulated total cyclic AMP phosphodi-
esterase activity of cell-free preparations of GH; cells
(Table 1). Ca**-dependent phosphodiesterase may, how-

? M. A. Brostrom, unpublished observation.

ever, play a role in the rapid attenuation of cyclic AMP
responses to the forementioned agents.

The Ca®* requirement for cyclic AMP accumulation in
GH; cells appears to be regulatory rather than constitu-
tive. Concomitant with increases in cyclic AMP content,
changes in cell Ca®* content were observed following
treatment with TRH, EGF, PGE,, VIP, and PMA. Both
cell-associated **Ca (Table 5) and *’Ca uptake (Tables 6
and 7) were reduced in accord with a promotion by these
agents of mobilization of Ca®* from intracellular to extra-
cellular pools. It is probable that those agents release
Ca®" from sequestration at intracellular storage sites to
intracellular free Ca** pools (7). The immediate effects
of such mobilization of Ca®* appear to include (a) an
enhancement of cyclic AMP synthesis and (b) the acti-
vation of a Ca®*-dependent ATPase such as has been
described in erythrocytes and which is believed respon-
sible for the transport of Ca®* across the plasmalemma
into extracellular fluids (40).

These data are also consistent with the notion that
cyclic AMP accumulation in GH; cells is dependent on a
rapidly exchangeable, membrane-associated Ca** pool,
perhaps related to the “superficial” pool proposed by
Tan and Tashjian (15) to exist in GH4C, cells. One Ca>*
pool of the GH,C, cells was described as residing in a
superficial compartment in that it was rapidly exchange-
able (¢, = 1 min) and removable by proteinase treat-
ment. The other pool was believed to have a slower
exchange rate (¢;,» = 28 min) and was not affected by
proteinase treatment. TRH was reported to stimulate
both an acute release of **Ca from the superficial com-
partment into the medium and a slower “’Ca uptake into
the intracellular compartment; the increased uptake was
believed to involve an accelerated rate of Ca®* exchange
between the extracellular medium and the intracellular
compartment and a small increase in the size of the
intracellular exchangeable Ca®* pool. The Ca®* pool in
GHj; cells which enhances cyclic AMP accumulation fol-
lowing TRH, PMA, PGE,, EGF, or VIP is likely to be
associated with the cell plasmalemma or a superficial
compartment for several reasons. The components of
adenylate cyclase and receptors for VIP, EGF, and PGE,
are recognized to be associated with the cell membrane,
and PMA expresses a variety of actions at the cell surface
(41). In addition, the times of onset of cyclic AMP accu-
mulation in GH; cells in response to TRH (Fig. 1) and of
Ca®* exchange within the superficial pool of GH.C, cells
following TRH (15) are similar.

The rapid attenuation of cyclic AMP responses to
TRH and to other hormones may explain why some
workers do not detect alterations in cyclic AMP content
following treatment of organ cultures of rat pituitary or
thyrotroph-enriched cell preparations with TRH (42).
Low concentrations of forskolin appear to be capable of
revealing a receptor-mediated activation of cyclic AMP
that normally might not be detected (30, 31). The studies
reported here with forskolin leave little doubt that TRH
increases the cyclic AMP content of GH; cells. While
TRH alone increased cyclic AMP content 2- to 3-fold at
1-2 min of incubation, TRH in the presence of forskolin
enhanced cyclic AMP content 3-fold over that of forsko-
lin alone for at least 10 min of incubation (Fig. 4A). The
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increment in cyclic AMP accumulation due to TRH was
increased 10- to 15-fold by the drug, implying that TRH
directly or indirectly affects the catalytic unit of adenyl-
ate cyclase. The receptor for TRH is not believed to be
coupled to adenylate cyclase because the enzyme in cell-
free preparations of pituicytes (42) or GH; cells (22, 43)
is not stimulated significantly by TRH. Alternately, as
proposed above, the hormone may affect adenylate cy-
clase indirectly through increases in free intracellular
Ca®* following TRH receptor occupancy. In brain slices
forskolin enhances the potency of hormones which act
through receptors coupled to adenylate cyclase but en-
hances the efficacy of hormones which act on receptors
not thought to be directly coupled to the enzyme (31).
Forskolin increased the efficacy, but not the potency, of
TRH for cyclic AMP accumulation (Fig. 4B) in accord
with an indirect action of TRH.

The adenylate cyclase activity of cell-free preparations
of GH; cells is unaffected by TRH, PGE,, or EGF in the
absence (22) or presence’ of forskolin. It appears, there-
fore, that receptors for these hormones are not coupled
to adenylate cyclase in GH; cells. The behavior of VIP,
however, is markedly different in that enzyme activity is
stimulated 4-fold (22). In intact GH; cells, VIP promoted
a large, Ca®*-dependent increase in cyclic AMP (Table 4;
Fig. 5) and produced alterations in cell Ca®* content
(Tables 5-7). Thus the receptor for VIP may trigger
adenylate cyclase activity through dual mechanisms, a
direct activation and an indirect stimulation through
alterations in free Ca>*. It should be noted, however, that
although micromolar free Ca** concentrations enhance
the adenylate cyclase activity of GH; cell homogenates,
enzyme activity due to the addition of VIP is reduced
progressively as free Ca®* concentrations in the assay are
increased (22). Such discrepancies may reflect the dis-
ruption by the homogenization process of certain com-
ponents of the adenylate cyclase system or of Ca** se-
questering or transporting processes operative in the
intact cell. Alternately, VIP may increase the affinity of
a regulatory component of adenylate cyclase for Ca>*
such that maximal enzyme activity is observed at lower
free Ca®* concentrations in the enzyme assay. Clearly,
more detailed studies with the components of the GH;
adenylate cyclase system are needed to support the latter
hypothesis.

PMA, a tumor-promoting drug, mimics the action of
hormones and mitogenic substances which exert their
effects through Ca®* transients in many cell types (41).
C6 glial tumor cells, which accumulate cyclic AMP in a
Ca®*-dependent manner in response to norepinephrine
(20) and to cholera toxin (25), respond to PMA with a
reduced Ca®* content, a decreased basal cyclic AMP
concentration, and a decreased ability to accumulate
cyclic AMP in response to catecholamine or toxin (44).
In this cell line intracellular Ca®>* appears to be consti-
tutive, rather than regulatory, for cyclic AMP accumu-
lation since neither norepmephrme nor cholera toxin
promotes Ca’* fluxes.? GH; cells, on the other hand,
responded directly to PMA with an accumulation of
cyclic AMP and with changes in cell Ca** content. Cell-
associated **Ca was reduced to similar degrees by short-
term (15 min) treatments with PMA, TRH, or VIP

(Table 5), but after longer exposures (4% hr) to these
agents calcium uptake was reduced to a greater extent
by PMA than by TRH or VIP (Table 6). Accumulation
of cyclic AMP in response to PMA also differed from
that to TRH or VIP in that Ca** depletion of GHj; cells
did not decrease the response to the drug (Table 4; Fig.
5). While PMA may act by promoting Ca** fluxes and
cyclic AMP accumulation by mechanisms different from
those of hormonal regulators, it is equally reasonable
that the differential effects of PMA arise from more
stable drug-receptor associations than those of the hor-
mones examined in this study, allowing PMA effects on
cyclic AMP content to occur in cells with a lower Ca**
content. It is of interest that PMA stimulates the ade-
nylate cyclase activity of GH; cell homogenates (22). The
stimulation provided by PMA is equivalent to that pro-
vided by micromolar free Ca®** concentrations and is
eliminated by the addition of such Ca®* concentrations
to the enzyme assay. Experiments are in progress to
determine whether PMA can promote the mobilization
of Ca®* from particulate to supernatant fractions from
such cell types as GH; or C6.

The relationship of hormone-stimulated, Ca**-depend-
ent accumulation of cyclic AMP to the specific functions
performed by cells of the anterior pituitary remains to be
defined. However, in light of the evidence favoring the
involvement of both Ca** and cyclic AMP in prolactin
secretion and/or synthesis, a Ca®*-dependent form of
adenylate cyclase may represent one pathway by which
prolactin secretion and/or synthesis in response to var-
ious hormones is regulated or facilitated. In our studies,
increases in cyclic AMP in Ca**-restored GHj cells fol-
lowing TRH, EGF, or PGE, were never greater than 3-
fold and were clearly of short duration, whereas responses
to VIP, PMA, and cholera toxin were of a greater mag-
nitude. Similarly, when other workers have compared
these agents with respect to capacity to stimulate prolac-
tin synthesis or secretion, the agents were not found to
be equivalent. Whereas TRH promotes both prolactin
synthesis and secretion, PGE, (3) and EGF (33, 34)
appear to exert effects primarily on prolactin synthesis.
In contrast, VIP (3) and cholera toxin (6) produce greater
effects on prolactin secretion but smaller effects on pro-
lactin synthesis as compared with those of TRH. PMA
is at least as effective as TRH in promoting both
processes (35). It should be noted that Dannies et al. (4)
found a correlation between the concentrations of TRH
which stimulate cyclic AMP accumulation and those
which enhance prolactin release; TRH concentrations
which stimulated prolactin synthesis, however, did not
correlate well with those which increase cyclic AMP. It
therefore seems reasonable to propose that those agents
which produce large elevations in cyclic AMP content
will also produce greater effects on prolactin secretion. It
is anticipated that investigations of prolactin synthesis
and secretion in cells with defined intracellular Ca®>* and
cyclic AMP concentrations will provide evidence for or
against a requirement for the Ca’*-dependent adenylate
cyclase in these pituitary functions.
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