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The intestinal peptide guanylin regulates the electrolyte/water
transport in the gastrointestinal epithelium by paracrine/lumino-
crine mechanisms. Because guanylin also circulates in the blood,
we investigated the rat hypothalamo-pituitary region for expres-
sion and cellular localization of this peptide. Reverse transcriptase-
PCR analyses with guanylin-specific primers revealed expression of
the peptide in the pars tuberalis and pars distalis of the pituitary.
Western blotting analyses in hypophyseal tissue extracts identified
the expected 12.5-kDa immunoreactive peptide by using two
different region-specific guanylin antisera. Light and electron mi-
croscopic immunocytochemistry with the same antisera localized
guanylin in “pars tuberalis-specific cells” in the juxtaneural pars
tuberalis adjacent to nerve endings and blood vessels of the
hypothalamo-pituitary portal system and in gonadotrophic cells
within the distal pars tuberalis and ventrolateral part of the pars
distalis. The presence and cell-specific localization of guanylin
within the hypothalamo-hypophyseal system indicate that this
peptide may be specifically involved in paracrine and endocrine
regulatory mechanisms.
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he peptide guanylin, originally extracted and purified from

rat small intestine (1), has high sequence and structural
homology with Escherichia coli heat-stable enterotoxins (STa)
known to cause secretory diarrhea by activation of the guanylate
cyclase C receptor (1). Actually, guanylate cyclase C represents
the genuine receptor for the endogenous ligand guanylin (2).
Cloning of guanylin cDNA from intestinal cDNA libraries
revealed that this peptide is synthesized as a 115-amino acid
precursor that contains at the C terminus the 15-amino acid
peptide isolated from the intestinal extracts (3). Since the
discovery of uroguanylin (4) and lymphoguanylin (5), it became
evident that guanylin belongs to a family of related peptides.
Through activation of guanylate cyclase C, guanylin induces the
increase of intracellular cGMP concentration, which mediates
phosphorylation and activation of the cystic fibrosis transmem-
brane conductance regulator CI~ channel (1, 6). Although the
function of lymphoguanylin remains to be clarified in detail,
guanylin and uroguanylin are obviously involved in electro-
lyte /water secretion in various ion-transporting epithelia (6).
Guanylin and uroguanylin have been localized in para-
crine /luminocrine-secreting epithelial cells of the gastrointesti-
nal tract (3, 7-12) and of the small airways (13). On the other
hand, a circulating form of guanylin in considerable concentra-
tions has been identified in plasma (14), indicating that endo-
crine cells and organs may be another source of guanylin.
Therefore, in the present study, the rat adenohypophysis was
investigated for expression and cellular localization of guanylin
in the pars distalis (PD) and pars tuberalis (PT). The latter
pituitary region consists of two to four thin layers of epithelial
cell cords, often arranged in follicles, closely adherent to the
ventral surface of the median eminence of the hypothalamus and

the tubero-infundibular region that continues caudally with the
pituitary stalk. The distinctive feature in this region is a rich
blood capillary network representing the primary plexus of the
hypothalamo-pituitary portal system. Studies investigating the
functional role of the PT cells have assigned them the putative
role of intervening on the liquid traffic between the hypo-
thalamo-adenohypophyseal portal vessels and the cerebrospinal
fluid toward the subarachnoidal space and the third ventricle
(15, 16). Our study identifies the presence of guanylin and its
cell-specific localization in different regions of the rat adenohy-
pophysis, implicating the respective cells in paracrine and en-
docrine regulatory functions.

Materials and Methods

Reverse Transcriptase-PCR (RT-PCR) Analysis. Male Sprague—Dawley
rats (n = 5) weighing 250-300 g (Harlan-Sprague—Dawley) were
anesthetized and killed by cervical dislocation. The whole pituitary
gland, the tubero-infundibular region with the pituitary PT, and the
duodenum (positive control) were removed. For total RNA isola-
tion, 25-mg tissue pieces were frozen in liquid nitrogen together
with 600 ml of homogenization buffer including 40 ul/ml 2-mer-
captoethanol, disrupted, and homogenized by 5 min of shaking at
2,000 rpm in a bead mill (Braun, Melsungen, Germany). After
elution of the RNA from the columns with RNase-free water, its
concentration and purity were analyzed spectrophotometrically
(260,/280 nm). The integrity of RNA preparations was analyzed by
gel electrophoresis on ethidium bromide-stained agarose-
formaldehyde gels (17). In a 22-ul reaction volume, 2.5 ug of total
RNA was incubated with 200 pmol oligo(dT) 15 primer (Promega)
for 10 min at 70°C. RNAs were reverse transcribed by adding 400
units of M-MLV Reverse Transcriptase-RNase H Minus (Pro-
mega)/80 units of RNase Inhibitor (Promega)/0.5 mM each
dNTP/50 mM Tris-HCI, pH 8.3/75 mM KCl/3 mM MgCl,/10
mM DTT to a total volume of 40 ul (18). The reaction sample was
incubated for 90 min at 37°C and stored at —20°C. For the reverse
transcriptase reaction, primer pairs specific for rat guanylin were
deduced from the GenBank cDNA sequences (accession no.
M93005) by using primer design and alignment software (ref. 19
and www.genome.wi.mit.edu/genome_software /other/prim-
er.html) and checked for specificity and homology. The oligonu-
cleotide primers were obtained from MWG Biotec (Ebersberg,
Germany). According to the published protocol (20), the primer
pair for guanylin (forward 5'-CCA GAG CTA TGT AGC CAA
TC; reverse 5'-CAG TAG CTC CAT TTA TTG ACA GAG)
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amplifies a 326-bp fragment from nucleotides 208 to 533. The
integrity of the different transcribed cDNAs was checked by using
the primer pairs (forward 5'-ATG GGA AGC TGG TCA TCA
AG; reverse 5'-CCA CAG TCT TCT GAG TGG CA) specific for
the rat gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), amplifying a 375-bp fragment from nucleotides 256 to
630 of the GAPDH cDNA sequence (GenBank accession no.
X02231). The PCR-master mixture consisted of 5 ul of 10X PCR
buffer [160 mM (NH4),SO./500 mM TrissHCl, pH 8.8/0.1%
Tween 20], 2 mM MgCly, 2 units of Tag-polymerase (PanSystems,
Niirnberg, Germany), 200 nM each dNTP, 100 pmol of each
primer, and 2 ul of cDNA in a final volume of 50 ul. Target DNA
samples were amplified on a Touchdown Thermocycler (Hybaid,
Heidelberg, Germany). After an initial denaturation of 94°C for 4
min, reactions were subjected to 35 cycles of the following thermal
program: 94°C for 30 s, 60°C for 1 min for guanylin (57°C for 1 min
for GAPDH), and 72°C for 30 s; this program was followed by a
final 5-min elongation step at 72°C. Amplification products were
run on an ethidium bromide-stained 1.8% 89 mM Tris/89 mM
boric acid/2 mM EDTA (pH 8.3) agarose gel.

Western Blot Analysis. Male Sprague—Dawley rats (n = 10; body
weight of 250-300 g) were anesthetized and killed by cervical
dislocation. Tissue specimens from hypophysis, duodenum, and
colon (the last two used as positive controls) were excised and
rinsed repeatedly in ice-cold saline. After boiling in 1 M acetic
acid for 10 min, the tissues were homogenized with an Ultra-
Turrax homogenizer (Janke & Kunkel, Staufen, Germany). The
homogenates were centrifuged at 20,000 X g for 20 min at 4°C
and extracted by applying them to an octadecasilyl (C18) Sep-
Pak cartridge (Waters) as described (8). The tissue extracts were
separated by Tricine-SDS/PAGE (21) in 16.5% polyacrylamide
gels and electroblotted onto hydrophobic poly(vinylidene diflu-
oride)-based membranes (Pall) as described (8, 13). The mem-
branes were incubated overnight at 4°C with the guanylin
antisera K42 and K605 (see below), each in a 1:1,500 dilution.
Immunoreactive polypeptides were visualized after incubation
with alkaline phosphatase-conjugated goat anti-rabbit IgG
(1:15,000; Sigma), with nitroblue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate as chromogens (Sigma).

Immunohistochemistry. Animals and tissue preparation. Adult
Sprague-Dawley rats (n = 30; body weight 250-300 g) of
different ages and both sexes were perfused under deep anes-
thesia with sodium pentobarbital (50 mg/kg, i.p.; Nembutal,
Abbott) via the left ventricle with 150 ml of 0.01 M PBS (pH 7.3),
followed by 300 ml of a cold fixative mixture [PAF: 4% (vol/vol)

1 23 45 6

375bp_
326 bp—

- 400 bp
-300 bp

Fig. 1. RT-PCR analysis with guanylin-specific primers shows amplification
products of correct size in rat whole hypophysis, PT of the hypophysis, and
duodenum; 15 ul of RT-PCR products were loaded on a 1.8% 89 mM Tris /89
mM boricacid /2 mM EDTA (pH 8.3) agarose gel containing ethidium bromide.
(Lane 1) PT, GAPDH; (lane 2) hypophysis, GAPDH; (lane 3) PT, guanylin; (lane
4) hypophysis, guanylin; (lane 5) duodenum, guanylin; (lane 6) 100-bp marker.
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paraformaldehyde /0.2% picric acid in 0.1 M phosphate buffer,
pH 7.3] containing 0.25% glutaraldehyde. Pituitary glands and
the hypothalamic region between the optic chiasma and the
mammillary bodies, including the pituitary stalk, were quickly
excised and postfixed for 48 h with the same cold PAF mixture
without glutaraldehyde; thereafter, they were divided into four
groups that were, respectively, (i) dehydrated, paraffin-
embedded, and cut (Biocut, Reichert-Jung, Wien, Austria) into
7-um-thick sections that were mounted on albumin-coated
slides; (if) thoroughly washed and cryoprotected with cold 0.1 M
phosphate buffer (pH 7.3) containing 15% (vol/vol) sucrose and
then frozen and cut (Frigocut, Reichert-Jung) into 15-um-thick
sections that were either mounted on gelatin chrome-alum-
coated slides or treated as free-floating sections; (iii) cut with a
vibratome (Microslicer, D.S.K. Dosaka EM, Kyoto, Japan) into
60-um-thick sections that were processed for free-floating in-
cubations and preembedding immunoelectron microscopy; or
(iv) cut in small tissue blocks, routinely embedded in epoxy resin
and cut in serial semithin (0.5-pum) sections.

Antibodies. Two region-specific rabbit antisera against guany-
lin that have been raised against guanylin-(34-46) (antiserum
K42) and guanylin-(101-115) (antiserum K605) were used as
detailed (8); both antisera have been characterized and used in
previous studies (8, 13). Moreover, a panel of antisera was
employed for identification and characterization of guanylin
immunoreactive cells: anti-human growth hormone (lot
AFP872189); anti-rat prolactin (lot AFPC2381); anti-human
luteinizing hormone (h-B-LH, lot AFP54372); anti-human thy-
roid stimulating hormone (h-p-TSH, lot AFP62423473); and
anti-human chorionic gonadotropin (lot AFP310784)—all from
the National Hormone and Pituitary Program of The National
Institute of Arthritis, Diabetes, and Digestive and Kidney Dis-
eases (Baltimore, MD). Anti-human adrenocorticotrophic hor-
mone (IHC8740) and anti-met-enkephalin (IHC8602) were
from Peninsula Laboratories; anti-B-endorphin (RPN1622) was
from Amersham Pharmacia; anti-glial fibrillary acid protein
(GFAP; Z334/015) and anti-protein S100 (Z 311/129) were
from Dakopatts (Copenhagen). Furthermore, three monoclonal
antibodies against chromogranins A, B, and C (kindly donated
by R. Buffa, Institute of Morbid Anatomy, University of Milan)
were used as endocrine cell markers.

1 2 3 1 2 3
kDa
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Fig. 2. Western blot after Tricine-SDS/PAGE of rat tissue extracts immuno-

stained with antiserum K42 (A) and antiserum K605 (B). (Lane 1) duodenum;
(lane 2) colon; (lane 3) hypophysis. Note the predominant immunoreactive
band of ~12.5 kDa in the rat hypophysis, duodenum, and colon (positive
control). The tissue extraction procedure yielded a faintly immunoreactive
band at 17 kDa. The low molecular mass markers from Novex (San Diego, CA)
were used for the molecular mass calibration.
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Fig.3.
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(A and B) Panoramic overview of two neighboring sections of juxtaneural PT region to compare the distribution of guanylin immunoreactivities obtained

with the antisera K605 (A) and K42 (B). (C and D) Higher magnification of boxed areas in A and B, respectively. The immunoreactive elements showed a stick-
or rod-like morphology. (E) Guanylin immunoreactive (K605) elements in PT at the pituitary stalk level. (F) Higher magnification of the boxed area in E. V, third
ventricle; me, median eminence; in, infundibular recess; S, pituitary stalk. (4, B, and E, bar = 100 um; C, D, and F, bar = 25 pm.)

Immunohistochemical protocol. Paraffin-sections were dew-
axed with toluene, and semithin plastic sections were dewaxed
with sodium ethoxide [3% (vol/vol) NaOH in absolute ethanol].
Rehydrated sections were pretreated with 0.1 M PBS containing
0.3% H»0, to block endogenous peroxidase activity (22). After
preincubation with normal goat serum diluted 1:30 with
PBS/BSA (PBS containing 1% BSA, Sigma), the sections were
incubated in a moist chamber for 4-7 days at 4°C with the
guanylin antisera K42 and K605, and consecutive sections were
incubated with antisera against the various peptides and proteins
used for identification and characterization of the respective
cells. All antisera and antibodies were diluted in PBS/BSA
containing 0.3% Triton X-100 (PBST; Merck) at 1:2,500 for
paraffin- or plastic-embedded sections and at 1:20,000 to
1:40,000 for free-floating sections. A long incubation time, i.e.,
1 week, allowed us to use the highest dilutions of primary
antisera and to avoid any background. The sections were then
incubated for 2 h at room temperature with biotinylated goat
anti-rabbit IgG or horse anti-mouse IgG (Vector Laboratories)
diluted 1:2,000 with PBST and subsequently for 1 h at room
temperature with avidin-biotin-peroxidase complex (ABC Elite,
Vector Laboratories) diluted 1:4,000 with PBST. The peroxidase
activity was then visualized by incubation of the sections for 3
min in the enzyme reaction mixture containing 0.04% 3-3'
diaminobenzidine tetrahydrochloride (Fluka, Deisenhofen, Ger-
many), 0.4% nickel ammonium sulfate, and 0.003% H,O, in
0.05M Tris-HCI buffer (pH 7.6).

Immunoelectron microscopy. Free-floating 60-um-thick vi-
bratome sections of tubero-infundibular PT specimens stored for
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48-72h at4°Cin 0.1 M PBS containing 0.08-0.1% Triton X-100
were preincubated with normal goat serum (1:30) and then
incubated for 1 week at 4°C with K605 and K42 antisera diluted
1:15,000 with PBS containing 0.1% Triton X-100. After washing
with PBS, the sections were incubated overnight at 4°C with
1-nm gold-conjugated goat anti-rabbit IgG (Nanogold, Amer-
sham Pharmacia) diluted 1:50 with PBS, washed repeatedly with
PBS, and submitted to a silver intensifying reaction (20 min at
20°C) by using the kit supplied by Amersham Pharmacia. The
sections were then washed several times in bidistilled water and
a final bath in PBS. The specimens were treated with a reduced
osmium solution [1% osmium tetroxide/1.5% (vol/vol) potas-
sium ferrocyanide in bidistilled water] for 1 h on a crushed ice
bath; subsequently, they were dehydrated in ascending ethanols
and propylene oxide and flat-embedded in epoxy resin (Luweak
812, Nakarai Chemical, Kyoto) on siliconized slides and cover-
slipped. The immunopositive areas were selected under light
microscope, then squared, glued on epoxy resin blocks, and cut
in an ultramicrotome (Leica, Wetzlar, Germany) and mounted
on collodion-coated grids. After the usual counterstains with
uranyl acetate and lead citrate, the sections were examined
under an electron microscope.

Specificity controls. Method- and antibody-specificity controls
included the replacement of primary antisera either by PBST
alone or by normal rabbit serum in the immunohistochemical
staining protocol and the preabsorption of the primary antisera
with an excess of antigens (10-25 ug of antigen per ml of
antiserum in working dilution) for 24—48 h at 4°C. All controls
confirmed the specificity of immunostainings.
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Fig. 4. (A-D) Ultrathin sections of juxtaneural PT previously submitted to
preembedding gold-silver immunocytochemical procedures with K605 anti-
serum. Gold-silver-enhanced particles are contained in small vesicles both in
the cell body and in the cell elongations (arrows). N, nucleus of a specific cells
of PT; by, blood vessel. (Bars = 1 um.)

Results

Expression of Guanylin in the Adenohypophysis. RT-PCR analysis
with rat proguanylin-specific oligonucleotide primers yielded a
326-bp expected transcript in the tubero-infundibular PT as well
as in the whole hypophysis. This transcript signal completely
matched that obtained from rat duodenal specimens used as a
positive control (Fig. 1). In Western blot analyses, both guanylin
antisera (K42, K605) coincidentally identified a major immuno-
reactive band of ~12.5 kDa molecular mass in extracts of rat
whole hypophysis, corresponding to the molecular mass of
guanylin (3). This hypophyseal peptide comigrated with the
immunoreactive bands also recognized by the antisera K42 and
K605 in homogenates of the rat duodenum and colon that were
used as positive controls (Fig. 2). In all extracts both antisera also
identified a faintly stained band at ~17 kDa.

Cellular and Subcellular Localization. Both guanylin antisera dis-
played distinct immunoreactivities in the PT and PD of the rat
adenohypophysis. We studied the whole PT in its various por-
tions in serial rostrocaudal coronal sections of tubero-
infundibular PT specimens. The most rostral sections, the so-
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called juxtaneural PT, contained some fibrous- or rod-like
structures filled with granular material specifically immuno-
stained by both K605 and K42 antisera (Fig. 3 A-D). Similar
structures occupied the PT surrounding the pituitary stalk (Fig.
3 E-F). All of these guanylin-immunoreactive structures were
irregularly intermingled among the guanylin-unreactive endo-
crine cells and the blood vessels of this region. Of note, gona-
dotrophs and thyrotrophs (identified by the antisera against
h-p-LH and h-B-TSH, respectively) that mainly occupied this
region lacked any immunoreactivity for guanylin. Moreover,
series of consecutive sections alternatively immunostained for
guanylin and for the various peptides or proteins by the respec-
tive antisera revealed that none of these antisera, including
anti-GFAP and anti-protein S 100, coincidentally immuno-
stained the guanylin-immunoreactive structures in the rostral PT
(data not shown). To characterize these guanylin-immunoreac-
tive structures in detail, we examined the specimens of the rostral
PT by preembedding immunoelectron microscopy. Positive
gold-silver-intensified deposits lay mainly within particular a cell
type characterized by a small ovoid or spherical cell body that
branched into thin and sometimes widely extended cytoplasmic
elongations. The deposits were contained within small round
vesicles (average diameter of 107 = 7.3 nm) scattered both within
the perinuclear cytoplasm of their cell body and within their
elongations (Fig. 4). Some of these vesicles contacted the inner
surface of the cell membrane and occasionally gave rise to
exocytosis-like figures. The cell elongations were often found
also around the wall of the rich capillary network of this region
(Fig. 4C) or, more rarely, in contact with some nerve fibers (data
not shown). None of the numerous cells filled with endocrine
secretory granules, normally present in this region, displayed
gold-silver deposits.

In contrast to the pattern of guanylin immunoreactivity in the
rostral PT, in the distal portion of the hypophyseal PT (Fig. 5 4
and B) and in the PD (Fig. 5 C and D), various frankly cuboid
or ovoid cells whose cytoplasm contained granular material were
detected that showed guanylin immunoreactivity by the antisera
K42 and K605. These cells, mostly arranged in clusters, were
located always in the same region of the gland, namely the
ventrolateral part of the PD. Morphologically, the majority
(about 90%) were large, spherical or cuboid cells, devoid of
elongations, with a central nucleus and cytoplasm regularly filled
with positive granular material. In contrast, some few and
scattered cells were smaller, triangular or irregularly shaped,
with two or more thin and short cytoplasmic elongations filled
with positive granular material. To characterize these cell types
in detail, we immunostained a series of consecutive semithin (0.5
pm) sections alternatively with guanylin antisera and with the
panel of antisera against various peptides and proteins. The
majority (about 90%) of the guanylin-immunoreactive cells were
immunoreactive for h-p-LH (Fig. 5 E-H), and only a few were
also immunoreactive for h-B-TSH. The panel of antisera against
various peptides and proteins and the antibodies against the
chromogranins under study displayed no immunoreactivities in
these cells.

Discussion

Using different techniques, we clearly show that guanylin is
present in the rat adenohypophysis. RT-PCR analyses identified
the expression of guanylin in both the tubero-infundibular PT
and the whole hypophysis, which were prepared and separated
by microdissection. The same transcript signal was obtained in
the rat duodenum used as positive control. Although immuno-
blotting analyses in the tubero-infundibular PT could not be
performed (because of the small amount of the tissue), the
presence of guanylin at the translational level in hypophyseal
extracts was shown by Western blotting analyses with two
different guanylin antisera (K42 and K605) raised against the

D’Este et al.



Fig.5. (Aand B) Clusters of guanylinimmunoreactive cells can be observed in two distal PT sections at different craniocaudal level. (Insets) Higher magnification
of boxed areas. (C) Guanylin immunoreactive cells in PD assumed the morphology of the endocrine cells of this region. (D) Higher magnification of an area in
C. (E-H) Pair of two consecutive semithin (0.5-um) sections of PD immunostained for guanylin (K605; E and G) and h-B-LH (BLH; F and H). Almost all guanylin
immunoreactive cells show coincident immunoreactivity for h-g-LH, but the number of colocalizing gonadotrophs varies: about one-third in E and F (arrows)
and almost all in G and H. Arrows in G indicate the only two guanylin unreactive gonadotrophs. Asterisks label some landmarks to allow the alignment of

consecutive sections. (A-C, bar = 100 um; Insets and E-H, bar = 25 um.)

midportion and the C terminus of the peptide. Thus, both
guanylin antisera coincidentally identified a major immunore-
active band of ~12.5 kDa molecular mass in hypophyseal and
intestinal (duodenum and colon) extracts, corresponding to the
molecular mass of guanylin (3). In all extracts, however, both
antisera also yielded a faintly stained band that may be due to a
related protein of higher molecular mass (=17 kDa). Immuno-
cytochemical studies localized guanylin in distinct cells in the

D’Este et al.

juxtaneural zone of PT, in the distal PT, and in the ventrolateral
part of the PD. Despite a common immunoreactivity pattern,
guanylin was localized in different cell types in these regions.
The caudal zone of PT and the ventrolateral part of PD
contained a distinct number of guanylin-immunoreactive cells
that were apparently intermingled into the endocrine cell cords.
Consecutive semithin sections alternatively immunostained for
guanylin and for various hormones revealed that guanylin im-
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munoreactivity is confined to gonadotrophic cells. Only a few
thyrotrophic cells also showed immunoreactivity for this peptide.
Although the function of guanylin in these cells is not yet known,
it is reasonable to assume that guanylin is released by these cells
into the circulation where the peptide has already been identified
(14). Judging from the RT-PCR and Western blotting data, it is
obvious that the hypophysis is one source of circulating guanylin.

Other than in the distal PT and ventrolateral part of the PD,
in the juxtaneural part of the PT, guanylin was confined to cells
that were unreactive for other hormones, chromogranins,
GFAP, and protein S 100. Using light and electron microscopy,
we identified the guanylin immunoreactive cell type found in the
juxtaneural part of the PT as the so-called “chromophobic-
specific cells of PT” (23, 24). Their characteristic feature is the
small cell body with thin cytoplasmic extensions that reach the
wall of the blood vessel, some nerve endings, and the pia mater
(23). Despite the fact that the PT-specific cells variably display
immunoreactivities for a-chain and B-subunits of TSH that
depend on the species investigated, the search for a PT-specific
hormonal product is still continuing (25). In the present study,
both K42 and K605 antisera localized guanylin in these cells,
which in consecutive sections proved to be unreactive toward the
panel of antisera against various peptides and proteins. In
particular, the lack of immunostaining with anti-GFAP and
anti-protein S 100 allowed us to exclude the possibility that these
cells might be interpreted, at the light microscopic level, as glial
cells or follicle-stellate cells, respectively. In accordance with the
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RT-PCR data, it is quite conceivable that guanylin is produced
by the respective cells and may be considered as a potential
regulator in this hypophyseal region. Various studies on the
function of PT cells have assumed that these cells are involved
in liquid traffic between the hypothalamo-hypophyseal portal
vessels and the cerebrospinal fluid toward the subarachnoidal
space and the third ventricle (15, 16). Because the function of
guanylin is well documented with respect to regulation of
electrolyte /water homeostasis, the unique localization of gua-
nylin in the PT-specific cells implicates a pivotal regulatory role
of guanylin in these cells. Moreover, the PT is one of the zones
where the melatonin receptors reach their highest concentration
(26). Hence, PT is currently considered the most important
mediator between pineal and hypophyseal PD functions by
transferring the pineal inputs generated by the photoperiod to
the PD secretory activity overall of gonadotrophic hormones and
prolactin (see ref. 25 for a review). Because guanylin is expressed
both in the rostral PT cells and in the PD gonadotrophs, guanylin
is a potential candidate of regulatory factors involved in this
particular intermediary function.
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