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Abstract

The pituitary homeobox1 gene (Ptx1)was initially identified as encoding a pituitary-restricted
transcription factor for the proopiomelanocortin (POMC) gene. In order to elucidate the
expression pattern of the Ptx1 protein, we investigated the localization of the protein in adult rat
pituitary gland and in various pituitary cell lines. We produced an antibody specific for Ptx1
protein, and confirmed its specificity by Western blot analysis. Immunohistochemically, many
nuclei in the anterior pituitary cells as well as in the intermediate cells were positive for Ptx1
staining with this specific antibody. Im- munohistochemical double staining revealed the presence
of Ptx1 not only in all types of hormone-secreting cells but also in some folliculo-stellate (FS)
cells. Furthermore, the expression of PtxZ mRNA was confirmed in various pituitary cell lines and
in the FS cell line by using the reverse transcriptase-polymerase chain reaction (RT-PCR) method.
Our studies indicated that Ptx1 may not only play a role as a basic transcriptional factor for
production of various hormones, but may also play some important role(s) in FS cells. Possible
synergistic actions with other factors remain to be investigated. The novel finding of Ptx1 in FS
cells is of particular interest, and may suggest that FS cells and hormone-secreting cells are
derived from a common cellular ancestor.
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Introduction

The production of hormones in the anterior pituitary gland is under the control of several
pituitary-specific transcriptional factors. Pit-1 has been reported by several investigators to
be a key factor in functional differentiation, resulting in production of growth hormone
(GH), prolactin (PRL), and thyroid-stimulating hormone B(TSHp) in rats and humans
(Bodner et al. 1988; Bodner and Karin 1987; Mangalam et al. 1989; Simmons et al. 1990;
Voss and Rosenfeld 1992; Lew et al. 1993; Andersen and Rosenfeld 1994). Our previous
studies on human pituitary adenomas disclosed the possibility of Pit-1 participation in the
functional differentiation of the tumor cells into cells that produce GH, PRL, and TSH
(Sanno et al. 1994, 1996a, 1996b). It has also been reported that Pit- 1 functions
synergistically with cell membrane receptors and members of nuclear receptor families
(Sanno et al. 1996¢, 1997). Some recently recognized participants in pituitary differentiation
include Rpx/Hesx-1, P- Lim/mLIM-3, P-OTX/Ptx1, and Prop-1. The Rpx/Hesx-1 gene
encodes a homeodomain factor that is initially expressed in the mesendoderm and anterior
neural plate. It is subsequently expressed only in Rathke’s pouch, the primordium of the
anterior pituitary gland, which appears as an invagination of the roof of the oral cavity
(Thomas et al. 1995; Hermesz et al. 1996; Gage et al. 1996). The P-Lim/mLIM-3 gene
encodes an LIM homeodomain factor which is expressed during the formation of Rathke’s
pouch (Bach et al. 1995, 1997; Sheng et al. 1996). P- OTX/Ptx1 was first reported to
promote the transcription of the POMC gene (Lamonerie et al. 1996). Further Prop-1 was
identified as another pituitary-specific homeodomain factor (Sornson et al. 1995). It has
since been clarified that these transcriptional factors may act in synergy with other
transcriptional factors and function in the differentiation and development of pituitary cells.

Ptx1 has been reported to promote transcription of the POMC gene; however, Szeto et al.
(1996) have reported that Ptx1 was capable of transactivating expression of the a-subunit
(a-SU), GH, and PRL promoters as well as the POMC promoter, but was not able to
effectively activate the Pit-1 and TSHP promoters. Subsequently, Tremblay et al. (1998)
reported that Ptx1 expression was detected not only in POMC cells but also in all types of
hormone-secreting cells in the murine anterior pituitary gland and in various pituitary
hormone-secreting cell lines, and that PtxZ may act in synergy with SF-7 and Pit-1. Pix1
MRNA was expressed detectably at embryonic day 9.5 and expressed very strongly at
embryonic day 17.5 in the anterior and intermediate lobes, and the expression was also
observed in the adult murine pituitary (Szeto et al. 1996).

Besides these hormone-secreting cells in the anterior pituitary gland, folliculo-stellate (FS)
cells comprise a significant proportion of the anterior gland, with an intimate structural
relationship with the hormone-secreting cells (Baes and Denef 1987). Suggested cellular
lineages of FS cells have included macrophage and glial cell lineages, but the actual lineage
remains a matter of controversy (Coates and Doniach 1988; Young et al. 1967; Kagayama
1965; Couly and Le Douarin 1985; Vila- Porcile and Oliver 1984). In order to further
elucidate the relationship between Ptx1 and individual hormones by localizing Ptx1 in the
adult rat pituitary gland, we performed immunohistochemical analyses of Ptx1 and
compared its localization with those of the anterior hormone-secreting cells and FS cells by
double staining. PtxI mRNA expression was also analyzed by reverse transcriptase-
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polymerase chain reaction (RT-PCR) in various pituitary cell lines to further characterize the
relationships between Ptx1 production, and functional cell lineage and FS cells.

Materials and methods

Animals and tissues

Cell lines

Adult male and female Wistar Imamichi rats (250-300 g) were maintained in a specific
pathogen-free environment and kept under standard housing conditions (20£2°C, light-dark
cycle 8:00-20:00 h/day). They were given commercial food and water. The rats were
sacrificed by decapitation after diethyl-ether treatment in the morning. The rat pituitary
glands were fixed overnight in 4°C in Bouin’s solution and embedded in paraffin. Sections
(4 um) were mounted on 3-amino-propylethoxysilane-coated glass slides.

To investigate the expression of mMRNA and protein in various pituitary hormone-secreting
cells, the following cell lines were used: murine aT1-1 (a-SU-secreting cells), aT3-1 (a-
SU-secreting cells), TaT-1 (a, BTSH-secreting, Pit-1-positive cells), and LBT-2 and LBT-4
cells (a, BLH-secreting cells) (Windle et al. 1990; Alarid et al. 1996), which were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM, Iwaki Glass, Japan) supplemented with
10% fetal bovine serum (FBS); and murine AtT-20 [adrenocorticotropic hormone (ACTH)-
secreting cells] (Buonassisi et al. 1962), rat MtT/SM [growth hormone (GH)- and prolactin
(PRL)- secreting cells], MtT/E (no hormone secretion) (Inoue et al. 1992), and murine
TtT/GF cells (folliculo-stellate-like cells) (Inoue et al. 1990), which were cultured in
medium containing (1:1) DMEM and Ham’s nutrient mixture F12 (Ham F-12, Iwaki Glass,
Japan) supplemented with 10% normal horse serum (NHS) and 2.5% FBS. Murine aT1-1,
aT3-1, TaT-1, LBT-2, and LBT-4 cell lines were established in Dr. Pamela L. Mellon’s
laboratory, and rat MtT/SM and MtT/E and murine TtT/GF cell lines were established by
Dr. Kinji Inoue.

Anti-Ptx1 antibody

To prepare immunogen, murine Ptx1 peptide (amino acid positions 31-50;
FHLARAADPREPLENSASES) Was conjugated with an equal amount of keyhole limpet hemocyanin
(KLH) by using dimethylsuberimidate. Female Japanese White rabbits (Clea Japan, Tokyo,
Japan) were injected subcutaneously with the peptide- KLH conjugate in emulsified
Freund’s complete adjuvant (Calbio- chem-Behring Co., La Jolla, CA) 5 times at 2-week
intervals. Ten days after the fifth immunization, the rabbits were bled, and sera were
separated.

Western blot analysis

Homogenates were prepared from whole adult rat pituitary glands and aliquots of the
extracts (15 pug protein) were used per lane for electrophoresis. The homogenates were
subjected to 12.5% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis
(PAGE) and then the separated proteins were electro-transferred to nitrocellulose
membranes. The membranes were preincubated in phosphate-buffered saline (PBS)
containing 3% bovine serum albumin (BSA) and 0.01% NaNs, and then incubated with the
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anti- Ptx1-specific antiserum diluted 1:250 or with the antiserum neutralized with 10 pg/ml
Ptx1 peptide (31-50) overnight at 4°C in PBS containing 0.05% Tween-20 (PBST) and 2%
NHS. After the incubation, the membranes were incubated with horseradish peroxidase
(HRP)-labeled anti-rabbit 1g diluted 1:400 in PBST for 30 min at room temperature (RT).
The staining was visualized using a solution containing 12.5 mg 3,3’-
diaminobenzidine-4HCI (DAB) and 10 pl H,O, in 50 ml PBST.

Immunohistochemistry and immunocytochemistry

RT-PCR

For the immunohistochemical staining of Ptx1, the polyclonal antibody against murine Ptx1
described above was used at the dilution of 1:4000 for the avidin-biotin-peroxidase complex
(ABC) method (Vector Laboratories, CA). The specificity for Ptx1 was also examined
immunohistochemically by an absorption test on the pituitary gland. For the absorption test,
the anti-serum was incubated with the Ptx1 peptide (31-50), which had been attached to
CNBr-activated Sepharose-4B (Pharmacia Biotech, Sweden) for 1 h at RT, and then the
complex was centrifuged and the supernatant was passed through a 0.45-um filter. A double-
staining technique was performed to examine the possible co-localization of Ptx1 and
pituitary hormones or S-100 protein. Briefly, the Ptx1 protein was stained using the ABC
method, yielding a brown color with DAB, and then the tissues were incubated in glycine-
HCI buffer (pH 2.2) to remove the immuno-complex. Subsequently, localization of the
pituitary hormones or S-100 protein on the same sections was detected by an indirect method
using an alkaline phosphatase-conjugated second antibody (DAKO Co., CA), which yielded
a blue color by using fast blue salt.

For immunostaining of cultured cells, the cells were fixed with 10% formaldehyde in PBS
for 30 min, preincubated in PBS containing 2% NHS and 0.1% Tween 20 for 10 min, and
then stained with anti-Ptx1 antibody by using the ABC method as described above.

The anti-pituitary hormone antibodies and their sources and working dilutions were as
follows: anti-human (h) GH polyclonal antibody (1:400), anti-hACTH monoclonal antibody
(clone 02A3, 1:400) (DAKO Co., CA), anti-hPOMC monoclonal antibody (clone 1E4,
1:5000) (Biogenesis, UK), anti-rat (r) PRL polyclonal antibody (1:20000), anti-rTSHp
polyclonal antibody (1:40000), anti-rESHP polyclonal antibody (1:5000), anti-rLHB
polyclonal antibody (1:2500), and anti-ra-SU polyclonal antibody (1:4000) (from the
National Institute of Diabetes and Digestive and Kidney Disease, USA). For the
identification of FS cells, anti-cow S-100 protein antibody (DAKO Co., CA) was used at the
working dilution of 1:200.

Total RNA was extracted with the TRIzol Reagent (Gibco BRL, USA) and treated with
DNase | (Promega Biotech Inc., USA) and then 5 g total RNA was reverse transcribed with
Ready-To-Go (T-primed first-strand kit) (Pharmacia Biotech, Sweden). For PCR, the
following oligonucleotide primers were used to amplify PtxZ sequences: upstream 5'-CCG
TGA ACT GAA TGT AGG GAA-3’ and downstream 5°-AGA GCT GAG CCC TTC TCC
TC-3’. These primers produce a 298-bp DNA product. The following oligonucleotide
primers for P-actin were used for internal standardization: upstream 57 -TGG CAC CAC
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ACC/T TTC TAC AAT GAG-3~ and downstream 5'-GGG TCA TCT TC/TT CA/GC GGT
TGG-3’. PCR was carried out with Amplitag Gold (Perkin-Elmer, USA). After an initial
denaturing step at 95°C for 10 min, amplification was carried out with 45 cycles of
denaturation at 95°C for 60 s and annealing and extension at 58°C for 60 s. The size of the
products was estimated by 2% agarose gel electrophoresis with ethidium bromide staining.

Western blot analysis

Western blot analysis was carried out to confirm the specificity of the anti-Ptx1 antiserum in
rat pituitary (Fig. 1). The rat pituitary homogenate blotted on the membrane was reacted
with the anti-Ptx1 antiserum or the antiserum neutralized with 10 pg/ml Ptx1 peptide (31—
50). As a result of this analysis, a single band was detected at 35 kDa (Fig. 1, lane 1) which
was consistent with the molecular weight estimated from the murine Ptx1 amino acid
sequence staining of this band abolished by preincubation of the antibody with Ptx1 antigen
(Fig. 1, lane 2).

Immunohistochemical staining of Ptx1 in adult rat pituitary

Immunohistochemically, almost all nuclei in the anterior and intermediate pituitary cells of
the rat pituitary gland were positive for Ptx1 (Fig. 2a). The negative control and
preadsorption test confirmed the specificity of the staining. In the immunohistochemical
preadsorption test, the nuclear staining was abolished when cells were stained with the
preadsorbed serum (data not shown). Among the fixatives we tested, Bouin’s solution gave
the best reactions for nuclear staining. The other fixatives tested included 4%
paraformaldehyde and 10% neutral formalin (data not shown). Immunohistochemical double
staining for Ptx1 and pituitary hormones or S-100 protein showed that the Ptx1-positive
nuclei were present not only in all types of hormone-secreting cells, but also in S-100-
positive cells (Fig. 2b-i). Staining for Ptx1 protein was positive in the nuclei of most GH-
and PRL-secreting cells, and in 71.9% and 72.2% of POMC-secreting cells in the anterior
and intermediate lobes, respectively. In TSH, LH/FSH-, and a-SU-expressing cells, Ptx1-
positive nuclei were detected in about 20-40% of the cells. Ptx1 expression was also found
in the nuclei of 25.2% and 20.0% of S-100-positive cells (FS cells) in the anterior and
intermediate lobe, respectively (Table 1).

Detection of Ptx1 mRNA by RT-PCR

In the various pituitary cell lines, PtxI mRNA expression was detected by RT-PCR not only
in the hormone-secreting cell lines, such as AtT-20, MtT/SM, aT1-1, aT3-1, LBT-2,
LBT-4, and TaT-1, but also in the TtT/GF (FS) cell line (Fig. 3). From our sequence analysis
of PCR products in the rat, we found that the homology between murine and rat PtxZ genes
was 87.8% (data not shown).

Ptx1 in cultured cell lines

Expression of Ptx1 was investigated immunocytochemically in the same cell lines in which
mMRNA expression was examined. Ptx1 was detected in the nuclei of all cell lines examined,
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including TtT/GF (FS cell line) (Fig. 4). The intensity of expression and proportion of cells
expressing Ptx1 were lower in TtT/GF than in the other cell lines.

Discussion

We investigated Ptx1 expression by immunohistochemical double staining and RT-PCR in
the rat pituitary gland and in various pituitary cell lines. Ptx1, a transcriptional factor, was
initially reported to promote the transcription of the POMC gene (Lamonerie et al. 1996),
but in the same year Szeto et al. (1996) reported that Ptx1 was capable of transactivating the
a-SU, POMC, GH, and PRL promoters but not the Pit-1 and TSHR promoters, and that it
was able to act synergetically with Pit-1. In order to investigate the function of Ptx1 in vivo,
we studied the expression of Ptx1 immunohistochemically in the rat pituitary and in various
cell lines. We confirmed the specificity of the anti-Ptx1 antibody used in this study both by
immunoadsorption before use in Western blotting and by an immunohistochemical
preadsorption test before staining cells in the rat pituitary gland. As shown in Fig. 1, a single
band was detected at 35 kDa, and the band was abolished when the preadsorbed antibody
was used. The band was noted at the molecular mass which was predicted based on the
murine Ptx1 amino acid sequence. Tremblay et al. (1998) obtained an antibody to murine
Ptx1 peptide 24-56, and used it to detect Ptx1 in the murine pituitary gland and various
kinds of pituitary cell lines by Western blotting. However, in their study, the band detected
had a molecular weight larger than 35 kDa; thus, they may have detected a precursor protein.
Further, our immunohistochemical study indicated that Ptx1 staining was positive in most
nuclei in anterior and intermediate pituitary cells, and it was co-localized at various
frequencies with all the kinds of hormone-secreting cells tested. This is consistent with the
possibility that Ptx1 is a widely acting DNA-binding transcriptional factor. As Ptx1 was
localized predominantly in the GH, PRL, and POMC-expressing cells, it suggested that Ptx1
has some functional role in the transcriptional control of GH, PRL, and POMC production.
Tremblay et al. (1998) found that Ptx1 expression in a T3-1, an a-SU-secreting cell line,
was stronger than that in AtT-20, an ACTH-secreting cell line. They also concluded that
Ptx1 has a relation to the production of a-SU, based on immunohistochemical double
staining. Our immunohistochemical study disclosed that Ptx1 staining was co-localized with
only 38.7% of a-SU-secreting cells in the adult rat pituitary, and suggested that its
involvement in transcription control of the gene for a-SU in the adult rat pituitary would be
limited. Moreover, the localization of Ptx1 in luteinizing hormone/follicle-stimulating
hormone (LH/FSH)-expressing cells suggested that it may also control the transcription of
LH/FSH to a limited extent, similarly to a-SU. There have been many reports on the
relationship of SF-1 to the production of LH/FSH (Keri and Nilson 1996; Ingraham et al.
1994; Halvorson et al. 1996); thus, it could be speculated that SF-1 acts synergistically with
Ptx1 to some extent in controlling the production of LH/FSH (Tremblay et al. 1998).

Furthermore, we investigated the expression of PtxZ mRNA in various cell lines by RT-PCR,
and it was particularly noteworthy that the expression was found in TtT/GF, an FS cell line,
as well as in all kinds of hormone-secreting cell lines examined. From our sequence analyses
of PCR products in rat, we found that the homology between the murine and rat PtxZ genes
was 87.8%. From these results, it was suggested that Ptx1 is not only related to the
production of pituitary hormones but also to the functions of FS cells.
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The functions and histogenesis of FS cells have been controversial with respect to not only
the physiology but also the morphology. Based on this background, it should be particularly
emphasized that Ptx1 may play some role(s) in the function on FS cells. FS cells have been
shown to produce not only S-100 protein and glial fibrillary acidic protein (GFAP) (Ishikawa
et al. 1983; Eng et al. 1971; Shirasawa et al. 1983), but also various cytokines (Sawada et al.
1994; Bernton et al. 1987; Spangelo 1989). We speculate that Ptx1 plays some role in the
production of various cytokines by FS cells. The hitherto unreported finding that Ptx1 was
detected in the nuclei of FS cells, which are thought to be supporting cells, suggests that
Ptx1 may act on not only differentiation of hormone-secreting cells but also on development
and formation of the pituitary gland. The detection of Ptx1 in FS cells suggests the
possibility that they share a common cellular ancestor with the hormone-secreting cells.
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Fig. 1.
Western blot analysis to confirm the specificity of the anti- Ptx1 antibody (/ane 1). The Ptx1

protein was detected as single band at 35 kDa (fane 2). The Ptx1 signal was decreased by use
of preadsorbed antibody
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Fig. 2a-i.

Irr?munohistochemical co-localization of Ptx1 (brown)and pituitary hormones or S-100
protein (blue)in rat pituitary. Ptxl was detected in the nuclei of intermediate lobe (7L) and
anterior lobe (AL) (a), and it was expressed in the nuclei of cells containing POMC (b),
ACTH (c), GH (d), PRL (e), TSHB (f), a-SU (g), FSHp (h), and S-100 protein (i). x600(a-
i)
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Fig. 3.

R'Ig-PCR analysis of expression of PixZ mRNA and g-actin mRNA. PtxI mRNA was detected
in male and female rat pituitary glands and all hormone-secreting cell lines examined. The
Ptx1 PCR products were detected at 298 bp. The negative control without RT showed no
formation of the PCR product from the rat pituitary RNA. The B-actin primers were used as
internal standards, and yielded PCR products in all samples. The B-actin PCR products were
detected at 105 bp
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Fig. 4a, b.

Immunocytochemical detection of Ptx1 in pituitary cell lines. Ptx1 was detected in the nuclei
of the aT3-1 cell line (a) and TtT/GF cell line (b). X650 (a,b)
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Table 1

Immunohistochemical co-localization of Ptx1 and pituitary hormones or S-100 protein in adult rat pituitary (a
anterior lobe, 7intermediate lobe)

Expression of Ptx1 Hormoneor protein

GH PRL POMC  TSHB LHB:FSHB a-SU  S100
PtxL-positive nuclei/counted nuclei 3001300 250250 ¥ 218345 1046 2j02:34190 4311 20108
PtxL-expressing cells (%) 100 100 ar 217 304343 37 2202

Co-localization was detected by observation of double staining
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