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Background: Thyrotropin (TSH) is well known as the hormone of the anterior pituitary thyrotrophs responsible
for acting in the thyroid gland, where it stimulates synthesis and release of thyroid hormones through Gs and
Gq/11 protein coupled TSH receptors (TSHRs).
Methods: In this study, we examined whether the functional TSHRs are also expressed in cultured rat pituitary
cells, using double immunocytochemistry, quantitative reverse transcription-polymerase chain reaction analy-
sis, cAMP and hormone measurements, and single-cell calcium imaging.
Results: Double immunocytochemistry revealed the expression of TSHRs in cultured corticotrophs and
melanotrophs, in addition to previously identified receptors in folliculostellate cells. The functional coupling
of these receptors to the Gq/11 signaling pathway was not observed, as demonstrated by the lack of TSH
activation of IP3-dependent calcium mobilization in these cells when bathed in calcium-deficient medium.
However, TSH increased cAMP production in a time- and concentration-dependent manner and facilitated
calcium influx in single corticotrophs and melanotrophs, indicating their coupling to the Gs signaling path-
way. Consistent with these findings, TSH stimulated adrenocorticotropin and b-endorphin release in male and
female pituitary cells in a time- and concentration-dependent manner without affecting the expression of
proopiomelanocortin gene.
Conclusions: These results indicate that TSH is a potential paracrine modulator of anterior pituitary corti-
cotrophs and melanotrophs, controlling the exocytotic but not the transcriptional pathway in a cAMP/calcium
influx-dependent manner.
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Introduction

Thyrotropin (TSH) is a member of the glycoprotein
family of hormones, synthesized and released by ante-

rior pituitary thyrotrophs. Two other members of this family
are follicle-stimulating hormone and luteinizing hormone,
which are produced by anterior pituitary gonadotrophs. Only
in primates and equines, a fourth member of this family,
named chorionic gonadotropin, is secreted by the placenta.
Glycoprotein hormones are known to consist of the common
a subunit and the hormone-specific b subunit that are non-
covalently associated (1). These hormones signal through a
subfamily of G-protein-coupled receptors, known as gly-
coprotein hormone receptors, which are members of the

class A of these receptors. All glycoprotein hormone re-
ceptors stimulate adenylyl cyclase when activated, which
suggests involvement of Gs heterotrimeric proteins. At
higher agonist concentrations, they could also stimulate the
phospholipase C-dependent signaling pathway via Gq/11

proteins (2).
It is well established that TSH regulates thyroid hormone

synthesis and release by the thyroid gland via activation of
TSH receptors (TSHRs) expressed in the thyroid follicular
cells (3). In human thyroid gland, TSHRs interact not only
with Gs and Gq/11 proteins, leading to the activation of ade-
nylyl cyclase and phospholipase C, respectively, but are also
capable of signaling through Gi/o and G12/13 proteins (4).
Several extrathyroidal expression sites of TSHRs have also
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been reported (5). These include fibroblasts and pre-
adipocytes of the orbit (6,7) and abdominal adipose cells,
where TSHRs control interleukin-6 release (8,9), stimulate
lipolysis in adipocytes in culture, and raise serum free fatty
acid levels (10). The presence of TSHRs has also been reported
in osteoblastic lineage of bones (11–13), as well as in the
heart, kidney, immune cells, digestive tract, and several re-
gions of the brain (14). Furthermore, high-affinity TSH
binding sites have been detected in human fat, testicular, and
adrenal membranes (15). TSHRs were also found in normal
and adenomatous human pituitary, and receptors were iden-
tified in folliculostellate cells (FSCs) (16,17) as well as in the
FSC line TtT/GF (18). It has also been suggested that TSHR
autoantibodies can suppress intrapituitary TSH levels in-
dependent of circulating thyroid hormone levels, sug-
gesting that these receptors are functional (19).

In this study, we examined the expression and role of
TSHRs in cultured rat pituitary cells. Our double immuno-
cytochemical analysis not only confirmed the expression of
TSHR in FSCs but also showed that these receptors were
expressed in pituitary corticotrophs and melanotrophs. The
functionality of TSHRs was evaluated by analyzing the
proopiomelanocortin gene (Pomc) expression, cAMP pro-
duction, adrenocorticotropin (ACTH) and b-endorphin release
in mixed pituitary cells, and calcium signaling in single iden-
tified corticotrophs and melanotrophs. These investigations
indicate that, in addition to FSCs, TSH is a paracrine modulator
of POMC-producing pituitary cells, controlling the exocytotic
but not the transcriptional pathway in a cAMP/calcium
influx-dependent manner.

Materials and Methods

All experiments with animals were approved by the Na-
tional Institute of Child Health and Human Development

Animal Use and Care Committee (19-041). The details of the
experimental methods are described in the Supplementary
Material and Methods.

Results

TSH stimulates the release of POMC-derived
hormones in a sex-independent manner

A preliminary study with cultured rat pituitary cells re-
vealed that TSH significantly stimulates ACTH release, which
prompted experiments summarized in this article. Because
corticotrophs and melanotrophs are sister cells expressing a
common marker gene Pomc, which encodes the 239 amino
acid-containing POMC peptide (20), we also included b-
endorphin measurements in our experiments. Corticotrophs
express prohormone convertase-1 and the predominant POMC
cleavage products are ACTH and b-lipotropin, whereas mela-
notrophs express prohormone convertase-1 and -2, generating
three forms of melanocyte-stimulating hormone, a, b, and c, as
well as b-endorphin (21).

Initially, we examined the time course effect of TSH on
ACTH and b-endorphin release in cultured rat pituitary cells
from both female and male rats. As shown in Figure 1,
20 nM of TSH was able to significantly elevate ACTH and
b-endorphin secretion in all three time points examined, 2,
7, and 19 hours. The stimulatory effects of TSH on ACTH
and b-endorphin release were not sex-specific. In untreated
cells, hormone secretion increased with time of incubation
in both cell preparations, reflecting dependence of basal
secretion on spontaneous electrical activity. Together, these
results raised the possibility that TSHR could be expressed
in POMC-producing corticotrophs and melanotrophs. To
clarify this issue, in further experiments, we performed
immunocytochemical analysis in cultured pituitary cells,
as stated below.
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FIG. 1. Time course of TSH-
induced ACTH and b-endorphin
release in pituitary cells in static
cultures. Experiments were per-
formed with cells derived from
postpubertal female (A) and
male (B) rats 20 hours after cell
dispersion. Notice a progressive
increase in basal hormone re-
lease with incubation time. If
not otherwise specified, in this
and following figures, data
shown are mean – SEM values
from four to six replicates in one
from three similar experiments,
and asterisks indicate significant
differences between pairs, with
p < 0.01. ACTH, adrenocortico-
tropin; SEM, standard error of
the mean; TSH, thyrotropin.
Color images are available
online.
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TSHR is expressed in corticotrophs,
melanotrophs, and FSCs

Corticotrophs and melanotrophs are localized in the ante-
rior pituitary gland; the former are situated in the anterior
lobe and the latter are situated in the intermediate lobe of
anterior pituitary gland (21). However, after separation and
dispersion of rat anterior and posterior glands, the majority of
melanotrophs were found in the posterior gland preparation
and only 7% of Pomc-expressing cells in the anterior pitui-
tary preparation were identified as melanotrophs (22). Cells
from both preparations were cultured for 48 hours in horse
serum containing M199, washed in the morning, incubated
with TSHR antibody, followed by incubation with POM-
C/ACTH antibody, as described in the Immunocytochemistry
section in the Supplementary Material and Methods, to
identify melanotrophs and corticotrophs. As control, S100b
antibody was used to identify FSCs.

The TSHR-positive cells were detected in a fraction of
posterior and anterior pituitary cells. The TSHR-positive cells
from posterior pituitary were positive with POMC/ACTH
antibody, a finding consistent with expression of this receptor
in melanotrophs. Of 688 melanotrophs, 395 (57%) were also
TSHR-positive (Fig. 2A). In anterior pituitary cells, of 419

ACTH-positive cells, 299 expressed both ACTH and TSHR
(71%). The majority of these cells should be corticotrophs
(Fig. 2B). These results confirmed that in vitro activation of
these receptors by TSH accounts for elevation in ACTH and
b-endorphin secretion, respectively. Among anterior pituitary
cells, a fraction of S100b-positive FSCs (66 of 454) were
also TSHR-positive (15%). Finally, cells incubated with only
secondary antibodies or staining solution indicated specificity
of the reaction (Fig. 2D).

Pituitary TSHRs are coupled to the Gs

signaling pathway

To evaluate the Gs-dependent signaling functions of pitui-
tary TSHR, we performed two experiments. In the first ex-
periment, pituitary cells in static cultures were treated with
20 nM of TSH for 1, 2, 4, and 6 hours in the presence of 1 mM
IBMX, medium was collected, and released cAMP content was
measured using radioimmunoassay. Figure 3A shows signifi-
cant elevation in released cAMP levels in TSH-treated cells for
2, 4, and 6 hours. In the second experiment, concentration-
dependent effects of TSH on intracellular cAMP accumu-
lation were studied using an enzyme-linked immunosorbent

FIG. 2. Immunofluorescence analysis
of TSHR expression in cultured rat pitu-
itary cells. (A, B) Representative images
for immunostaining of TSHR (green,
left), POMC/ACTH (red, center), and
their overlay (right) in melanotrophs (A),
derived from dispersion of posterior pi-
tuitary gland, and corticotrophs (B), de-
rived from dispersion of anterior pituitary
gland. (C) Expression of TSHR (green,
left) in S100b-positive anterior pituitary
FSCs (red, center) and their overlay
(right). (D) Cells stained with both
ACTH and TSHR antibody (left), cells
incubated with only secondary antibodies
(center), and cells incubated with only
staining solution (right). Scale bars (ap-
plies to all images), 10 lm. If not other-
wise specified, in this and following
figures, pituitary cells from postpubertal
females were used. FSCs, folliculostellate
cells; TSHR, TSH receptor. Color images
are available online.
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assay (Fig. 3B). These experiments confirmed that the acti-
vation of TSHR in anterior pituitary led to the activation
of adenylyl cyclase independent of TSH source, method of
cAMP detection, and cell number per well.

TSH stimulates calcium influx in single
corticotrophs and melanotrophs

We used single-cell calcium measurements to evaluate the
potential coupling of TSHR to calcium signaling pathway(s).
Two types of experiments were performed. In the first ex-
periment, we studied the effects of TSH on calcium signaling
in cells bathed in 2 mM Ca2+-containing medium and qui-
escent cells (not exhibiting spontaneous calcium transients)
were selected. In such cells, we consistently observed that the
application of TSH initiated calcium transients (Fig. 4A). At
physiological concentrations, corticotropin-releasing hormone
(CRH) further stimulated calcium influx, whereas at pharma-
cological concentrations, it blocked calcium influx. Furthermore,
arginine vasopressin (VP) elevated [Ca2+]i, confirming that cells
responding to TSH were corticotrophs (23). In cells treated with
a CRH antagonist, antalarmin, TSH also facilitated Ca2+ influx,
indicating that the effect of TSH is not mediated by CRH re-
ceptors (Fig. 4B). Consistent with this, the stimulatory action of
CRH in a physiological concentration was abolished in the
presence of antalarmin, and inhibitory effect of high CRH dose
was replaced with elevation in [Ca2+]i. TSH also increased the
amplitude and frequency of spontaneous calcium transients in
posterior pituitary cells. Identification of melanotrophs was
carried out by application of dopamine, which abolished Ca2+

influx (Fig. 4C). The stimulatory effect of TSH was mimicked by
forskolin, an allosteric activator of adenylyl cyclase (Fig. 4D).

In the second set of experiments, cells were bathed in Ca2+-
deficient medium and stimulated with TSH to dissociate
whether the rise in [Ca2+]i reflects Ca2+ influx or mobiliza-
tion. In general, the activation of pituitary Gq/11-coupled re-
ceptors elevates [Ca2+]i in cells bathed in Ca2+-deficient
medium due to IP3-dependent calcium release from the en-

doplasmic reticulum (24). However, 20 nM of TSH was unable
to elevate [Ca2+]i (Fig. 4E), clearly indicating that TSH-induced
calcium signaling reflected Ca2+ influx from extracellular me-
dium. Furthermore, none of corticotrophs stimulated with 200
and 2000 nM of TSH responded (Fig. 4F, G). These results
argue against the hypothesis that TSHR expressed in cortico-
trophs cross-couple to the Gq/11 signaling pathway. Thus, it is
reasonable to postulate that the activation of the Gs signaling
pathway is associated with the promotion of Ca2+ influx.

TSH stimulates hormone secretion
in a PKA-independent manner

In corticotrophs and melanotrophs, Ca2+ influx is partially
dependent on L-type voltage-gated calcium channels (23). In
further experiments, cells were bathed in calcium-containing
medium with and without nifedipine, a blocker of L-type
channels, to evaluate the role of calcium influx in spontaneous
and TSH-stimulated hormone secretion. In the absence and
presence of nifedipine, TSH elevated ACTH and b-endorphin
secretion significantly, and basal and stimulated hormone se-
cretion were reduced but not abolished in the presence of ni-
fedipine (Fig. 5A). These results indicate that, at least in part,
basal and TSH-stimulated hormone secretion were dependent on
Ca2+ influx.

To evaluate a potential role of cAMP-dependent protein ki-
nase (PKA) in basal and TSH-induced hormone release, we used
two inhibitors of this enzyme: KT5720 and H89. The first
compound exhibited nonspecific stimulatory effects on basal and
TSH-stimulated hormone secretion when used at 1 lM con-
centration (data not shown). The second compound did not affect
basal and TSH-stimulated hormone secretion, arguing against
the role of PKA in ACTH and b-endorphin release (Fig. 5B).

TSH stimulates the release of POMC-derived peptides
without affecting Pomc expression

To clarify whether TSH-induced cAMP/calcium signaling
is coupled to Pomc expression, we examined the expression
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FIG. 3. Coupling of TSHRs to the Gs-dependent signaling pathway in cultured pituitary cells. (A) Time course of TSH-
induced cAMP release in pituitary cells from males. (B) Concentration dependence of TSH on intracellular cAMP accu-
mulation in pituitary cells from females. Before TSH application, medium of cells in static cultures was replaced with 0.1%
BSA containing medium 199 supplemented with 1 mM IBMX. At the end of incubation with TSH, medium was collected to
measure released cAMP by radioimmunoassay, or cells were lysed, and content collected to measure cAMP intracellular
accumulation by ELISA as described in the Materials and Methods section. BSA, bovine serum albumin; ELISA, enzyme-
linked immunosorbent assay. Color images are available online.
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of this gene in static cultures of pituitary cells treated with
20 nM of TSH for 3, 6, and 9 hours. For this purpose, TaqMan
assays were used, and values were expressed as relative to
glyceraldehyde 3-phosphate dehydrogenase gene (Gapdh)
expression, which was recently shown as a valid reference
gene for pituitary tissue and cultured pituitary cells (25).
Figure 6A shows the lack of effect of TSH treatment on Pomc
expression. We also examined the concentration dependence
of TSH on Pomc expression during 6 hours of incubation.
Again, we did not observe changes in Pomc expression when
cells were stimulated with a wide range of TSH concentra-
tions for 6 hours (Fig. 6B).

In contrast, we recorded a progressive increase in ACTH
and b-endorphin release with elevation in TSH concentration
(Fig. 6C, D), indicating that TSH-induced hormone release did

not reflect elevation in Pomc expression. To confirm inde-
pendence of TSH-induced ACTH release of the status of Pomc
expression, in further work, we used a perifusion system
(Fig. 7). Cells attached on beads were cultured for 40 hours
before experiments, and transferred in 0.5 mL volume cham-
bers and perifused at 0.5 mL/min flow rate at 37�C for 2 hours.
After that, samples were collected every 2 minutes during an
80-minute period and 20 nM of TSH was applied from 10 to 80
minutes (Fig. 7A). Basal ACTH release fluctuated between 60
and 100 pg/mL, whereas the application of TSH rapidly ele-
vated secretion to about 200 pg/mL, with the peak in stimu-
lation reached 14 minutes after the start of TSH application,
followed by establishment of a pulsatile-like secretion above
basal levels during the next 40 minutes. Figure 7B shows cu-
mulative ACTH release with time in controls and TSH-treated

FIG. 4. Calcium signaling functions of TSHRs in pituitary corticotrophs and melanotrophs: single-cell recording. (A–C)
Effects of TSH on calcium signaling in corticotrophs (A, B) and melanotrophs (C). Cells were bathed in calcium-containing
medium, and arrows indicate the moment of application of hormones. TSH (20 nM) induced calcium transients in quiescent
cells (A, B) or increased the amplitude and frequency of spontaneous calcium transients in spontaneously active cells
(C). Corticotrophs were identified by stimulatory effects of CRH in physiological concentrations and inhibitory effects in
pharmacological concentrations on calcium influx, as well as by arginine VP-induced calcium mobilization (A). TSH effect
on calcium influx was not affected by 500 nM antalarmin, a CRH receptor antagonist, in contrast to CRH effects
(B). Melanotrophs were identified by blockade of TSH-stimulated calcium transients by dopamine and the lack of TRH
response on calcium signaling (C). (D) Stimulatory effect of CRH on calcium signaling was mimicked by application of
forskolin, an adenylyl cyclase allosteric activator. (E–G) Calcium signaling function of TSHR in corticotrophs was de-
pendent on calcium influx. Blue areas indicate duration of application of Ca2+-deficient medium (to exclude Ca2+ influx
from extracellular medium), and horizontal bars indicate duration of TSH application in three concentrations. Arrows
indicate the moment of CRH application, which was added to identify corticotrophs. Notice abolition of spontaneous calcium
transients by removal of bath Ca2+. All experiments were performed 20 hours after cell dispersion. CRH, corticotropin-
releasing hormone; VP, vasopressin. Color images are available online.
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cells, indicating that basal ACTH release occurs at constant
rate and that TSH enhances the rate of hormone secretion. Such
rapid effects of TSH on ACTH release demonstrate that pre-
stored hormone is secreted by regulated exocytosis.

Discussion

Using cultured rat pituitary cells and double immuno-
cytochemistry, we show for the first time the presence of
immunoreactive TSHR in sister cells: corticotrophs and
melanotrophs. These receptors were functional, as shown by
TSH-induced rise in cAMP production in amplitude sufficient
enough to allow the release of this messenger in extracellular
medium. The function of this receptor was further confirmed

in single-cell calcium measurements in identified cortico-
trophs and melanotrophs. Finally, we show here that in static
cultures and perifused pituitary cells, TSH stimulates ACTH
and b-endorphin secretion.

For in vitro experiments, 20 nM of TSH was considered as
low concentration, 200 nM as medium concentration, and
2 lM as high concentration (26). This concentration range is
consistent with measurements of TSH levels in rat portal
blood of around 360 nM (27). In our experiments, 20 nM of
TSH was sufficient to stimulate cAMP production, elevate
[Ca2+]i, and stimulate ACTH and b-endorphin release in
cultured cells bathed in calcium-containing medium. Secre-
tory studies also revealed that 2 nM of TSH is the threshold
concentration to trigger ACTH and b-endorphin release. We

A B

4

2

0

A
C

T
H

 (
ng

/m
L)

b-
en

do
rp

hi
n 

(n
g/

m
L)

*

Basal

1 µM Nifedipine 20 nM TSH 
+1 µM Nifedipine

20 nM TSH Basal

300 nM H89 90 nM TSH 
+300 nM H89

90 nM TSH

4

2

0

A
C

T
H

 (
ng

/m
L)

2

1

0

b-
en

do
rp

hi
n 

(n
g/

m
L)

4

2

0

*

*

*

FIG. 5. Partial dependence of TSH-induced hormone release on calcium influx through L-type calcium channels but not
on protein kinase A in cultured pituitary cells. (A) Basal and TSH-stimulated ACTH (left) and b-endorphin (right) release
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endorphin (right) release. Color images are available online.
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available online.
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also observed concentration dependence of cAMP produc-
tion and hormone secretion in this concentration range, with
2 lM probably reflecting a pharmacological dose.

TSH-stimulated cAMP production indicates the coupling
of pituitary TSHR to the Gs signaling pathway. The cross-
coupling of this receptor to the Gq/11 signaling pathway is
well established in the thyroid gland (28). Low concentra-
tions of TSH are known to activate the Gs signaling pathway,
whereas medium and high concentrations activate both the
Gq/11 and Gi/o signaling pathways (26,29). If these receptors
cross-couple to the Gq/11/phospholipase C signaling pathway,
the rise in [Ca2+]i, reflecting the phospholipase C-mediated
IP3 production and IP3-dependent release of calcium from
the endoplasmic reticulum (20), should also be observed in
cells bathed in calcium-deficient medium. However, in sev-
eral independent experiments, with TSH doses ranging from
20 nM to 2 lM, we were unable to observe it.

Thus, it is reasonable to conclude that the stimula-
tion of calcium influx in corticotrophs and melanotrophs
bathed in Ca2+-containing medium reflects the coupling
of TSHR to the Gs signaling pathway (3) and cAMP-
dependent facilitation of voltage-gated calcium influx (30).
In general, cAMP can regulate excitability of pituitary cells
and calcium-dependent hormone secretion directly by acti-
vating hyperpolarization-activated cyclic nucelotide-gated
channels. These channels and their activation by cAMP have
been identified in immortalized mouse corticotrophs (31).
cAMP could also regulate excitability and Ca2+ influx indi-
rectly through EPAC and PKA signaling pathways. The role
of EPAC in CRH-induced signaling via cAMP-dependent
mechanism has been described in corticotroph cell lines (32)
as well as the role of PKA in cAMP-dependent control of
excitability in corticotrophs (33). The cAMP-dependent
PKA-independent mechanism involves the activation of
Rap1 and B-Raf in the pathway of MAP kinase stimulation
by TSH (34). G-protein-coupled receptors could also signal
independently of G-proteins through b-arrestin signaling
pathway, which is operative in AtT-20 cells (35), and TSHR
is known to signal through this pathway (36,37). Our results
argue against the role of PKA in these processes, but future
experiments are needed to clarify which pathway is utilized
in TSH-stimulated corticotrophs and melanotrophs.

In general, the rise in [Ca2+]i in corticotrophs and mela-
notrophs could be coupled to stimulation of Pomc expression
and/or activation of the regulated exocytotic pathway. In our
experiments, we did not observe changes in Pomc expression

in TSH-stimulated cells within 20–2000 nM concentration
range during variable times of treatment. CRH also activates
the Gs signaling pathway in corticotrophs but stimulates
Pomc expression, probably reflecting the specific feature of
this receptor to stimulate the MAPK signaling pathway as
well (38). This finding indicates that TSH-stimulated calcium
influx triggers ACTH and b-endorphin secretion by the
exocytotic pathway. There was a rapid (within 2–4 minutes)
ACTH release, further confirming independence of hormone
release of de novo protein synthesis, and a sustained (at least
19 hours) release of ACTH, suggesting that these receptors
do not desensitize. In all cases, stimulation of hormone re-
lease was significant, but the amplitude of response was
smaller relative to CRH and VP-induced ACTH release (39),
which is typical for paracrine hormonal actions.

The expression of functional TSHR in corticotrophs and
melanotrophs implicates the potential physiological role of
this signaling pathway. It is reasonable to speculate that in-
trapituitary TSH elevates basal secretory activity of these two
cell types. In corticotrophs, this should modulate ACTH-
dependent actions. Consistent with this hypothesis, it has
been reported that elevated TSH is associated with elevated
cortisol among young people (40). The existence of positive
relationship between serum TSH and cortisol levels in a
healthy population is an interesting finding that is consistent
with observation that hypothyroid patients frequently have
elevated cortisol levels (41). Furthermore, it is unlikely that
acute elevation in cortisol levels influences TSH secretion;
the inhibitory effect was observed only during prolonged
hypercortisolism, that is, Cushing’s syndrome (42).

Previous work has established the expression of TSHRs in
normal and adenomatous human anterior pituitary, and re-
ceptors were identified in FSCs (16,17) and the FSC line
TtT/GF (18). Consistent with these findings, we also ob-
served the expression of TSHR in FSCs, but only in a small
fraction (15%) of these cells. Genetically, FSCs are a highly
heterogeneous population of cells (22), which could indicate
that a subfraction of these cells express TSHR. In parallel to
our observations with corticotrophs and melanotrophs, the
activation of TSHR in TtT/GF is also not coupled to the Gq/11/
phospholipase C signaling pathway in FSC line. In contrast to
secretory pituitary cells, in TtT/GF cells, TSHR is not cou-
pled to the Gs signaling pathway but probably signals through
the JAK/STAT5a pathway (18). Further studies are needed to
characterize whether the rat TSHR in FSC exhibits similar
signaling properties and functions.
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FIG. 7. Stimulatory effect of TSH on
ACTH release in perifused pituitary
cells. (A) A rapid effect of TSH on
ACTH release. (B) Calculated cumu-
lative effects of TSH on ACTH release.
Anterior pituitary cells were attached
on beads and cultured for 40 hours
before experiments. Perifusion was
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at a flow rate of 0.5 mL/min. Arrow
indicates the beginning of application
of TSH (blue circles) and solvent
(green circles). Samples were collected
every 2 minutes during 80 minutes.
Color images are available online.
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In conclusion here, we show that pituitary corticotrophs
and melanotrophs from both female and male rats express
TSHR, which activation by TSH leads to an increase in
cAMP production and facilitation of Ca2+ influx in cortico-
trophs and melanotrophs. The rise in [Ca2+]i is accompanied
with increase in ACTH and b-endorphin secretion, whereas
Pomc expression was not altered. The effects of TSH on
hormone release were rapid and sustained, indicating that
pituitary TSHRs do not desensitize at that agonist concen-
tration. These findings indicate that thyrotrophs influence
corticotroph and melanotroph functions through TSH, which
is of potential physiological and clinical relevance, but this
needs to be addressed thoroughly in future investigations.
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