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Pituitary cell phenotypes involve
cell-specific Pit-1 mRNA translation and
synergistic interactions with other
classes of transcription factors

Donna M. Simmons,?* Jeffrey W. Voss,! Holly A. Ingraham 2 Jeffrey M. Holloway,'* Ronald S.
Broide,* Michael G. Rosenfeld,!? and Larry W. Swanson?*

lEukaryotic Regulatory Biology Program, Center for Molecular Genetics, 2Howard Hughes Medical Institute, Department of
Medicine, and 3Department of Chemistry, University of California at San Diego, School of Medicine, La Jolla, California
92093-0613 USA,; “The Salk Institute, Neural Systems Laboratory, La Jolla, California 92037 USA

Development of the anterior pituitary gland involves proliferation and differentiation of ectodermal cells in
Rathke’s pouch to generate five distinct cell types that are defined by the trophic hormones they produce. A
detailed ontogenetic analysis of specific gene expression has revealed novel aspects of organogenesis in this
model system. The expression of transcripts encoding the a-subunit common to three pituitary glycoprotein
hormones in the single layer of somatic ectoderm on embryonic day 11 establishes that primordial pituitary cell
commitment occurs prior to formation of a definitive Rathke’s pouch. Activation of Pit-1 gene expression
occurs as an organ-specific event, with Pit-1 transcripts initially detected in anterior pituitary cells on
embryonic day 15. Levels of Pit-1 protein closely parallel those of Pit-1 transcripts without a significant lag.
Unexpectedly, Pit-1 transcripts remain highly expressed in all five cell types of the mature pituitary gland, but
the Pit-1 protein is detected in only three cell types—lactotrophs, somatotrophs, and thyrotrophs and not in
gonadotrophs or corticotrophs. The presence of Pit-1 protein in thyrotrophs suggests that combinatorial actions
of specific activating and restricting factors act to confine prolactin and growth hormone gene expression to
lactotrophs and somatotrophs, respectively. A linkage between the initial appearance of Pit-1 protein and the
surprising coactivation of prolactin and growth hormone gene expression is consistent with the model that Pit-1
is responsible for the initial transcriptional activation of both genes. The estrogen receptor, which has been
reported to be activated in a stereotypic fashion subsequent to the appearance of Pit-1, appears to be capable, in
part, of mediating the progressive increase in prolactin gene expression characteristic of the mature lactotroph
phenotype. This is a consequence of synergistic transcriptional effects with Pit-1, on the basis of binding of the
estrogen receptor to a response element in the prolactin gene distal enhancer. These data imply that both
transcriptional and post-transcriptional regulation of Pit-1 gene expression and combinatorial actions with other
classes of transcription factors activated in distinct temporal patterns, are required for the mature physiological

patterns of gene expression that define distinct cell types within the anterior pituitary gland.
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The analysis of developmental events resulting in or-
ganogenesis and the appearance of distinct cellular phe-
notypes has been more difficult in vertebrates than in
Drosophila and Caenorhabditis elegans, where analysis
of mutants has suggested complex networks of interac-
tions between developmental factors that activate the
expression of homeotic genes specifying organ develop-
ment and cell phenotypes (Sternberg and Horvitz 1984;
Gehring 1987). Recently, insights into the molecular
basis of cell phenotypes in mammals has been ap-
proached successfully by characterizing the cis-active el-
ements that are necessary for tissue-specific expression,
and by the subsequent isolation of tissue-specific tran-

scription factors that bind to these elements [e.g,
Walker et al. 1983; Nelson et al. 1986; Staudt et al. 1986;
Bodner and Karin 1987; Courtois et al. 1987; Hammer et
al. 1987a,b; Costa et al. 1988; Jones et al. 1988; Nelson
et al. 1988; Singh et al. 1988).

The process by which distinct cell types develop
within an organ is particularly amenable to investiga-
tion by analysis of anterior pituitary ontogeny. While
the posterior lobe is derived from the neuroectoderm
and contains the axon terminals of hypothalamic mag-
nocellular neurosecretory neurons, the anterior and in-
termediate lobes are generally thought to arise from a
placode in the somatic ectoderm. Although there are no
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phenotypic markers for cells in this placodal region, a
definitive Rathke’s pouch is formed within it by embry-
onic day 12 (el2) in the rat (Schwind 1928). Immunohis-
tochemical studies indicate that five phenotypically dis-
tinct cell types appear during ontogeny in a stereotypical
order (Chatalain et al. 1979; Watanabe and Daikoku
1979; Oliver et al. 1980; Gash et al. 1982; Hoeffler et al.
1985; Lugo et al. 1989). These cell types include, in ap-
parent order of initial appearance: corticotrophs pro-
ducing pro-opiomelanocortin (POMC), thyrotrophs pro-
ducing the B-subunit of thyroid-stimulating hormone
(BTSH), gonadotrophs producing the B-subunits of fol-
licle-stimulating and luteinizing hormones (BFSH and
BLH), somatotrophs producing growth hormone (GH),
and lactotrophs producing prolactin (PRL). To date, there
is no evidence that surrounding mesodermal or neural
tissues influence this pattern of development, although
both appear to control the rate of cell proliferation
within the anterior pituitary {Frémont and Ferrand
1979a,b; Begeot et al. 1982; Daikoku et al. 1982; Wa-
tanabe 1982; Schechter et al. 1985).

In adults, expression of the structurally related GH
and PRL genes is limited to the anterior pituitary and to
distinct cell types within it. However, the transient
coexpression of these endocrine genes within putative
precursor cells prior to the appearance of mature lacto-
trophs, as well as in a small population of mature ante-
rior pituitary cells {Chatelain et al. 1979; Watanabe and
Daikoku 1979; Hoeffler et al. 1985), raises the possi-
bility that the PRL and GH genes are developmentally
regulated by related factors. Data from gene-directed ab-
lation studies in transgenic mice are consistent with the
notion that at least most lactotrophs are derived from a
presomatotroph lineage (Behringer et al. 1988; Borrelli et
al. 1989|. The cell-specific expression of high levels of
the rat PRL and GH genes depends on a series of cell-spe-
cific cis-active elements (Nelson et al. 1986, 1988;
Bodner and Karin 1987; Cao et al. 1987; Gutierrez-
Hartman et al. 1987; Lufkin and Bancroft 1987; West et
al. 1987; Ye and Samuels 1987).

The characterization and purification of a factor that
binds to particular cell-specific cis-active elements in
the rat PRL and GH genes {Ingraham et al. 1988; Man-
galam et al. 1989) permitted the cloning of a pituitary-
specific factor, referred to as Pit-1 (Bodner et al. 1988;
Ingraham et al. 1988). The coding sequence of Pit-1 pre-
dicted a 291-amino-acid protein that was found to be a
member of a novel family of transcription factors con-
taining a highly conserved domain, referred to as the
POU domain (Herr et al. 1988), and including the oc-
tamer-binding proteins Oct-1 and Oct-2 (Clerc et al.
1988; Ko et al. 1988; Miiller et al. 1988; Scheidereit et al.
1988; Sturm et al. 1988), the C. elegans developmental
regulator unc-86 (Finney et al. 1988), and multiple re-
lated proteins expressed in mammalian and Drosophila
neurons (He et al. 1989; M. Treacy, X. He, C.S. Zucker,
and M.G. Rosenfeld, in prep.). Expression of Pit-1 in het-
erologous cell types is capable of activating both rat PRL
and GH promoters, even when Pit-1 is expressed at
levels much lower than those in pituitary cells (In-
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graham et al. 1988, 1990; Mangalam et al. 1989; Fox et
al. 1990). The availability of Pit-1 cDNA and protein
permits a detailed analysis of the potential role of Pit-1
in gene activation and the development of distinct pitu-
itary cell types.

Here, we report that the pituitary cell type arises in a
spatially and temporally specific fashion. Expression of
one transcript {a-glycoprotein subunit, a-GSU} occur-
ring prior to formation of Rathke’s pouch defines the
onset of pituitary organogenesis. The Pit-1 gene tran-
script is initially detected on el5 in most cells of the
anterior pituitary, with Pit-1 protein initially appearing
at very low levels at essentially the same time, pre-
ceding PRL and GH gene activation. Pit-1 is suggested to
be required for the initial activation of both of these
transcription units, each of which requires the actions of
other factors to achieve full physiological levels of ex-
pression. In the case of the PRL gene, the progressive
increase in estrogen receptor gene expression after birth
may account, at least in part, for the progressive post-
natal increase in PRL gene expression characteristic of
phenotypically mature lactotrophs and is based on syn-
ergistic interactions between estrogen receptor and Pit-1
to activate the PRL distal enhancer. Pit-1 gene tran-
scripts are expressed in all five phenotypically distinct
pituitary cell types, although Pit-1 protein is detected
only in the nuclei of thyrotrophs, lactotrophs, and soma-
totrophs. The expression of Pit-1 protein in thyrotrophs,
in concert with previous analyses of transgenic mice
{Crenshaw et al. 1989), suggests that specific restrictive
mechanisms prevent the expression of GH and PRL
genes in this cell type. Thus, transcriptional and post-
transcriptional regulation of Pit-1, and the temporal lag
in maximal expression of the estrogen receptor, could
account for the ontogeny and physiological levels of PRL
gene expression characteristic of the lactotroph cell

type.

Results

Ontogeny of trophic hormone gene expression defines
the onset of hypophyseal organogenesis

To clarify the molecular events that dictate pituitary de-
velopment and ultimately culminate in the appearance
of distinct somatotroph and lactotroph cell types, initial
studies were directed at defining the ontogeny of expres-
sion of transcripts for each hormone in the anterior pitu-
itary using [**S|cRNA probes specific for the hormones
and for Pit-1, as summarized in Table 1. On ell, at a
time just after closure of the anterior neuropore, probes
against the mouse and rat a-glycoprotein subunit, which
is common to BTSH, BLH, and BFSH, exhibited dense,
restricted hybridization to an oval patch of the simple
columnar epithelium in the ectoderm beneath the
neural tube with a clear posterior-to-anterior gradient of
hybridization (Fig. 1). This unexpected expression of the
a-subunit transcript provides the first known pheno-
typic marker for cells throughout the hypophyseal pla-
code, which contains the presumptive anterior and in-
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Table 1. Summary of ontogeny of Pit-1 and hormone mRNA expression in rat anterior pituitary as determined by in situ

hybridization
E10.5 E115 E12.5 E13.5 E14.5 E15.5 E16.5 El7.5 E18.5 E19.5 P0O.5 P2.5 P10

aGSu - +4++  +++ +++ 4+ 4+ 4+ A+ A+ttt A+

POMC  — — — +a + R T o e S e e T o o S s

BTSH — — — — + + ++ +++  +++ +++ A+ A+

BLH — — — — — — + + + ++ t++  +++

BFSH — — — — — — — + + ++ +++  +++

GH — — — — — — — = t4++  +++ A+ 4+
PRL — — — - — — — + + + + ++ +++
Pit-1 — — — — - + +++  +++ t++ A+ At A+ A+

(—) Not detected; (+) low levels in some embryos; (+] low levels; (+ + ] moderate levels; (+ + +) high levels.

Based on our results and those of Lugo et al. (1989).

termediate lobes and is embedded within ectoderm des-
tined for the roof of the mouth. By el2, the a-subunit
expression is restricted to the definitive Rathke’s pouch
and by €13 it is even further restricted to the ventral part
of the anterior half of the pouch, in the region where the
definitive anterior lobe first appears just at this time
{Fig. 1). Further restriction ultimately confines a-sub-
unit transcript expression in the mature pituitary to
thyrotrophs and gonadotrophs.

Distinct cell types were first detected in the pituitary
on el4, with the expression of POMC and BTSH tran-
scripts in a small proportion of the cells in the anterior
lobe (Fig. 2), 12-24 hr preceding detectable proteins
(Watanabe and Daikoku 1979; Daikoku et al. 1983; Lugo
et al. 1989). Interestingly, 2 days earlier, very abundant
POMC transcripts were detected in many cells of the
adjacent ventromedial hypothalamus (Fig. 2, in the re-
gion of the presumptive arcuate nucleus; POMC protein
has been noted in the hypothalamus on €12 {Schwartz-
berg and Nakone 1982; Kachaturian et al. 1983). Surpris-
ingly, these genes exhibited clear spatial patterns of ex-
pression. POMC-expressing cells were centered in
caudal parts of the anterior lobe, while BTSH-expressing
cells were segregated in the anterior part of the lobe in
the region adjacent to the opening of Rathke’s pouch
into the roof of the mouth, where the a-glycoprotein
subunit transcripts were now also localized. Thus,
during a restricted period of time around el13-el4, the
first differentiated cells in the newly forming anterior
lobe are the only regions in the pituitary that express
mRNA for POMC, BTSH, and a-glycoprotein subunit.

Critical events in hypophyseal development occur on
el6 when significant blood vessels and accompanying
mesoderm first invade the parenchyma of the anterior
lobe; the first secretory granules can be observed in
some anterior pituitary cells; and the first axon ter-
minals from the hypothalamus reach the neurohemal
zone of the median eminence, allowing the potential de-
livery of hypothalamic trophic hormones (Fink and
Smith 1971; Dearden and Holmes 1976; Daikoku et
al. 1981). Coincident with these events, we found the
initial appearance of Pit-1 transcripts on el5-el6
throughout the caudal four-fifths of the anterior lobe,
and at levels comparable to those found in the adult, al-
though Pit-1 transcripts were conspicuously absent in

the cluster of thyrotrophs in anterior regions of the gland
on €16 {data not shown). There is a dramatic increase in
the levels of Pit-1 transcripts between el5 and el6. To
confirm that these transcripts represented Pit-1 mRNA,
hybridization was performed using either 5’- or 3’-un-
translated region probes, with identical results {Fig. 3A).
Because polymerase chain reaction analyses are non-
quantitative and, in this type of embryological analysis,
may be subject to false positives, RNase protection
assays were performed to determine unequivocally the
time of initial significant expression of Pit-1 mRNA.
These assays confirm that Pit-1 transcripts were unde-
tectable on e13.5 (at least 3 orders of magnitude less
than on e16), but were clearly present in the anterior pi-
tuitary by el5.5—-el6 (M. Treacy and M.G. Rosenfeld,
unpubl.; He et al. 1989).

The initial appearance of Pit-1 protein was investi-
gated by direct assay of Pit-1 protein using Western blot
analyses and by antibody-perturbated gel mobility-shift
assays (Fig. 3B,C). Protein extracts of isolated anterior
pituitary glands from el5 to day 10 after birth (p10) were
assayed using highly specific, high-affinity polyclonal
antisera against bacterial Pit-1 protein. These antisera
are highly specific for Pit-1 protein in GC cells or ante-
rior pituitary gland, and staining is entirely blocked by
Pit-1 protein, as determined using a series of bacterially
expressed mutant Pit-1 molecules (data not shown). The
major epitopes are located in the amino-terminal re-
gions, preceding the POU domain of Pit-1. These assays
revealed that the expected 33,31-kD protein doublet of
immunoreactive Pit-1 protein was initially detected on
el5 (Fig. 3B), and suggested a progressive increase in rela-
tive Pit-1 protein concentration through day pl0,
perhaps, in part, reflecting the proliferation of Pit-1-ex-
pressing cells (Fig. 3B). The presence of Pit-1 in the
DNA —protein complex, as detected by antibody-pertur-
bated gel mobility-shift, was initially detected on
el6—el7 (Fig. 3C), using a Pit-1 binding site from the rat
PRL promoter (IP). The ontogeny of Pit-1 protein expres-
sion was confirmed in three separate analyses. Further-
more, Pit-1 antisera provided clear immunostaining on
el6 (data not shown). These data suggest that there is a
minimal, if any, lag between initial expression of Pit-1
mRNA and functional Pit-1 protein during pituitary on-
togeny.
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Figure 1. (Continued on facing page.)

The initial appearance of small numbers of cells ex-
pressing mRNAs for PRL and, to a lesser extent, GH,
was also observed caudally and dorsally on e17. Onel8 a
much larger number of GH-hybridized cells were found
scattered throughout most of the anterior lobe (except
the rostral tip), whereas the number of PRL-hybridized
cells increased only slightly (Fig. 2). Cells expressing
PRL and GH were scattered relatively widely
throughout the anterior lobe, except in the rostral por-
tion. By this time, cells expressing POMC, BTSH, PRL,
and GH transcripts were considerably intermixed, ex-
cept in the rostral tip of the anterior lobe that still con-
tained only BTSH-expressing cells (Fig. 2). Therefore, the
initial appearance of Pit-1 protein correlates closely with
initial expression of the PRL and GH genes, the pro-
moters of which have been shown to be regulated in
vitro by Pit-1 (Ingraham et al. 1988, 1990; Mangalam et
al. 1989). Rare cells hybridizing the BLH probe were ob-
served in the ventral part of the anterior lobe on el6,
with many more cells hybridizing BLH and BFSH probes
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appearing on el7. The presumptive gonadotrophs (BLH
and BFSH) were centered ventrally in a strip of tissue
that lies about midway between the rostral and caudal
poles.

Pit-1 transcripts are expressed in all five pituitary cell
types, but detectable Pit-1 protein expression is
restricted to thyrotrophs, lactotrophs, and
somatotrophs

We have previously reported the detection of putative
Pit-1 transcripts by hybridization histochemistry in the
neural tube on e10—ell {He et al. 1989). We confirmed
the expression of Pit-1 transcripts in developing neural
tube using a probe complementary to the 3’-untrans-
lated region of the Pit-1 transcript, and we determined
that Pit-1 transcripts were expressed in the neural tube
but were not detectable in the somatic ectoderm of the
nascent hypophyseal placode [ell, R, Fig. 3A). RNase
protection experiments (He et al. 1989) were repeated to
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Figure 1. Identification of a marker for initial pituitary development. The photomicrographs at left illustrate the sequential restric-
tion of a-glycoprotein subunit transcripts during early developmental stages of the pituitary. The adjacent drawings show the on-
togeny of tissues in and around the pituitary, and are modified from Schwind (1928). On embryonic day 11 {ell), transcripts are
expressed in an oval region of cells that presumably defines the hypophyseal placode, a part of the original anterolateral ridge ecto-
derm that lies between the hypothalamus and oropharyngeal membrane and also gives rise to ectoderm in the roof of the mouth and
nose, as well as in the olfactory placode (see Adelmann 1925; Couly and Le Douarin 1985; Jacobson and Sater 1988); note that
hybridization is most dense posteriorly. On el2, transcripts are restricted to the definitive Rathke’s pouch, which gives rise to both
the anterior (anterior wall) and intermediate (posterior wall) lobes, whereas, on €13 and el5 expression is further restricted to the
incipient anterior lobe. All figures are in the midsagittal plane, with anterior to left and dorsal to top; in situ hybridization with probe
to mouse a-glycoprotein subunit. Bisbenzimide counterstain; magnification, 80 x . Abbreviations: (AL) Anterior lobe; (AN) anterior
neuropore; (CF) cranial flexure; (FB| forebrain; {FP) floor plate of pontine neural tube; (H) hypothalamus; (HB) hindbrain; (I) infundib-
ulum; (IL) intermediate lobe; (MA) maxillary process; (MB) midbrain; (ME) median eminence; (NC) notochord; {P} pons; (PL) posterior
lobe; (R) Rathke’s pouch; (S) Seessle’s pouch; (SC) sphenoid cartilage.

confirm that transcripts derived from the Pit-1 gene dis-
appeared from the neural tube following transient ex-
pression of Pit-1 on ell, and the absence of detectable
transcripts on €13, before reappearing on el5—-¢18 {data
not shown). Each RNA tested was confirmed to be in-
tact, and the identical preparations were positive for
Brn-2 POU domain gene expression (He et al. 1989), con-
firming that the RNA and cDNA were representational.
Western blot analyses of head extracts from el1 embryos

also showed no detectable Pit-1 protein (Fig. 3B; data not
shown). These data confirm our previous observations
that the Pit-1 gene exhibits a biphasic pattern of devel-
opmental expression (He et al. 1989).

On the basis of evidence that the Pit-1 gene was ini-
tially expressed in most cells of the anterior pituitary,
the expression of Pit-1 transcripts and Pit-1 protein was
examined in each of the five classical cell types in the
anterior pituitary gland of mature animals. Transcripts
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el/

el8

Figure 2. Activation of trophic hormone gene expression in the developing anterior pituitary gland. Photomicrographs show in situ
hybridization of the developing hypothalamic—pituitary axis. On ell and e12, POMC transcripts are localized to cells in the mantle
layer of the basomedial hypothalamus, just opposite (arrows) the zone of Rathke’s pouch where POMC is later expressed in the
incipient anterior lobe (see el4). Note that on el4, POMC {arrows) and BTSH (TSH) are expressed in separate caudal and rostral
compartments of the anterior lobe (the figure to left shows the bisbenzimide counterstain of the POMC-hybridized section). (a)
Anterior lobe; (h) hypothalamus; (i) intermediate lobe; (p) posterior lobe; (V3) third ventricle. On el7, cells expressing BLH (LH) and
BESH (FSH) transcripts are evident ventrally in the anterior lobe; a-glycoprotein subunit transcripts are still very abundant in the
anterior tip of the anterior lobe, but many hybridized cells are now also evident more posteriorly. On €18 many GH-hybridized cells,
and a few PRL-hybridized cells, are clear in the posterior four-fifths of the lobe. Same orientation as Fig. 1. Dark-field illumination;

magnification, 60x.

hybridizing to Pit-1 cDNA probes were observed in all
tive cell types, including gonadotrophs and corticotrophs
(Fig. 4). To ascertain the specificity of this signal, probes
from the 5’ end, encompassing the amino terminus of
the protein, and from the 3'-untranslated region, were
used independently. In each case, gonadotrophs and cor-
ticotrophs exhibited high levels of hybridization. The
hybridization signal was consistently higher in LH-con-
taining cells than in somatotrophs, lactotrophs, or thy-
rotrophs (Fig. 4; Table 2). In contrast, when examined for
Pit-1 protein using immunohistochemical co-localiza-
tion techniques, virtually no corticotrophs and <1% of
the gonadotrophs contained immunoreactive Pit-1 pro-
tein (Fig. 5; Table 2). The rare reactive gonadotrophs
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might represent the small number of cells recently re-
ported to synthesize both TSH and LH or FSH (Childs et
al. 1989). Primer-extension products were observed uti-
lizing pituitary tissue from untreated or estrogen-treated
rats or the PRL, GH-producing GC pituitary cell line
RNA, suggesting that all pituitary transcripts were the
products of a single transcription unit (data not shown).
As is usual for this analysis, several prominent, prema-
turely terminated products were shorter than the pre-
dicted 320-nucleotide full-length transcripts (R. Chen,
H.A. Ingraham, M.N. Treacy, V.R. Albert, and M.G. Ro-
senfeld, in prep.). On the basis of their size, all of these
shorter products would be translated to yield Pit-1 pro-
tein. Finally, both RNase and polymerase chain reaction
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Figure 3. Ontogeny of Pit-1 mRNA and Pit-1 protein expres-
sion. (A} Pit-1 transcripts are expressed in neural tube and de-
veloping anterior pituitary. Using Pit-1 probes directed to the
3'-untranslated region (3') or 5’ sequence preceding the POU-
domain binding region (5'), hybridization was observed on ell
in neural tube (NT) but not Rathke’s pouch (R). Detectable hy-
bridization in the pituitary (arrow) was initially observed on
el5.5—el6, with similar results using 5'- or 3'-specific probes.
(B) Immunological detection of blotted Pit-1 protein following
quantitation of SDS polyacrylamide gels. Extracts were pre-
pared from total head (ell) or isolated pituitary glands (el5—
pl0) or GC pituitary cells; 30 pg of protein was fractionated,
transferred to nitrocellulose, reacted with Pit-1 antisera, and
developed using a horseradish peroxidase colorimetric assay
and a biotin/avidin amplification system (see Experimental
methods). A second experiment, shown at right, indicated the
presence of low levels of Pit-1 protein on el5. {C) Antibody-per-
turbated gel mobility-shift analyses of Pit-1 activity. A 32P-la-
beled PRL 1P site (Ingraham et al. 1988) was used as a probe
with 0.5 pg of soluble pituitary cell extract, as described in Ex-
perimental methods. Preimmune (-) or immune {+) aPit-1
sera were added to a final dilution of 1 : 1000 prior to electro-
phoresis. Under these conditions, addition of Pit-1 antiserum
abolishes formation of the indicated PRL-1P protein complex.

analysis failed to detect any alternative RNA species
within the coding region. As gonadotrophs and cortico-
trophs represent ~10% of pituitary cells, a variant tran-
script could potentially escape detection by this anal-
ysis. In addition to the expression of Pit-1 protein in
78% and 80% of mature somatotrophs and lactotrophs,
respectively, we found the protein expressed in a compa-
rable percentage of thyrotrophs (Fig. 5; Table 2). A de-
tailed quantitation revealed that most (~80%), but not
all, somatotrophs, lactotrophs, and thyrotrophs con-
tained detectable Pit-1 protein (Table 2). These data

Pit-1 mRNA translation

were consistent with previous observations (Crenshaw
et al. 1989), suggesting that restrictive mechanisms, as
well as Pit-1-dependent gene activation, were required
for cell-specific patterns of growth hormone and pro-
lactin gene expression.

Combinatorial actions of distinct transcription factors
in achieving physiological levels of PRL gene expression

The temporal association of the initial expression of the
Pit-1, PRL, and GH genes is consistent with the possi-
bility that Pit-1 exerts a critical developmental function
in the initial activation of these two transcription units.
This observation presents a conundrum because, ulti-
mately, these two genes are expressed in distinct cell
types. A clue to the mechanisms of cell-specific expres-
sion has been provided by defining the temporal patterns
of maximal gene expression of these two trophic hor-
mones. While GH gene expression was maximal by
e19-e20, the PRL gene exhibited a gradual, marked (10-
to 50-fold) increase in expression between the initial ap-
pearance at €l7 and full expression ~10-15 days after
birth. Because synergistic interactions between the
proximal promoter and the distal enhancer regions of
the PRL gene were necessary to achieve high levels of
expression in vivo as established in transgenic expres-
sion in mice, and on the basis of analysis of specific in-
teractions in the distal enhancer in GC pituitary cells
{Nelson et al. 1986, 1988; Crenshaw et al. 1989), it be-
came important to determine whether Pit-1 alone was
capable of mediating these synergistic interactions be-
tween the proximal and distal regulatory regions of the
PRL gene. We and others have established that purified
or bacterially expressed Pit-1 protein binds effectively to
elements in both the rat PRL and GH promoters and can
activate transcription of both promoters in cell culture
models {Ingraham et al. 1988; Mangalam et al. 1989; Fox
et al. 1990; Larkin et al. 1990; D. Sharp, pers. comm.).
Permanent HeLa cell transfectants {Pit-1* HeLa) that
express Pit-1 protein at levels 10-fold lower than those
in pituitary cells actually activate PRL fusion genes
under control of the rat PRL promoter even more effec-
tively than those under control of the GH promoter
(Mangalam et al. 1989).

Several experiments were performed to begin to deter-
mine the molecular basis for the ontogeny of PRL gene
activation. The efficacy of transcription of fusion genes
containing the full rat PRL promoter or the distal en-
hancer or both regions was compared to the rat GH
promoter in pituitary (GC) cells or in Pit-1* HeLa cells
(HeLa—Pit-1*) as quantitated by immunotitration (data
not shown). As shown in Figure 6A, while both the PRL
promoter element and the distal enhancers can indepen-
dently enhance fusion gene expression, they exert
marked synergistic effects in GC pituitary cells, in con-
cert with previously published results (Nelson et al.
1986, 1988; Crenshaw et al. 1989). In contrast, PRL pro-
moter elements, but not the distal enhancer, were
highly stimulated in Pit-1* HeLa cells, and no Pit-1-de-
pendent synergism between the proximal promoter and
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Figure 4. Expression of Pit-1 mRNA in all five anterior pituitary cell types. Immunohistochemistry with rabbit antisera to the
various trophic hormones or their specific subunits was carried out on dispersed rat anterior pituitary cells cultured for 30 min. This
was followed by in situ hybridization (black silver grains) with a 3'-untranslated-directed 35S-labeled probe. Similar results were
obtained with a probe complementary to the 5’ region, on cultures maintained for 60 min or 3 days, as well as in 10-um-thick sections

of the adult pituitary.

the distal enhancer element was observed, suggesting
that Pit-1, in the context of HeLa cells, was incapable of
stimulating the distal enhancer (Fig. 6B). Interestingly,
the proximal promoter is very well expressed in these
cells. In transient cotransfection analysis, Pit-1 was in-
variably ineffective in stimulating the distal enhancer
element, while always very effective in activating fusion
genes under control of the proximal promoter. The
Pit-1-dependent stimulation of the PRL proximal pro-
moter was greater than that observed for the rat GH pro-
moter, while reciprocal data were consistently observed
in GC cells (Fig. 6A). Thus, factors in addition to Pit-1
are required for full PRL gene activation and apparently
must appear developmentally after birth. In contrast, the
factors in addition to Pit-1 that are required for full phys-
iological levels of GH gene expression are apparently ex-
pressed by el8.

One candidate for a transcriptional coregulator of PRL
gene expression appearing after birth is the estrogen re-
ceptor, because estrogen binding has been suggested to
increase >10-fold in the pituitary between birth and day
20 {Slabaugh et al. 1982} and because a well-character-
ized estrogen response element is localized in the distal
PRL gene enhancer {Maurer and Notides 1987; Wa-
terman et al. 1988). The role of the estrogen receptor in
the activation of the distal enhancer of the rat PRL gene
was explored by cotransfecting plasmids expressing Pit-1
and estrogen receptor with rat fusion genes under the
control of PRL 5'-flanking information into heterolo-
gous cells (CV-1) that do not express endogenous es-
trogen receptors {Glass et al. 1988) As shown in Figure
6C, Pit-1 expression was required for significant basal
expression, whereas expression of estrogen receptors
alone produced no detectable or minimal transcriptional

Table 2. Summary of Pit-1 expression in cell types of mature rat anterior pituitary

Pit-1 transcripts

Pit-1 protein

Cell types percent cells positive? levelsh percent cells positive®
Somatotrophs (GH) 100 22 + 1 78
Lactotrophs {(PRL) 100 16 + 1 80
Thyrotrophs (BTSH) 42 11 +2 80
Corticotrophs (ACTH) 100 20 =1 0
Gonadotrophs

(BLH) 92 32+4 1

(BESH] 34 20 + 5 0.5

*Percent cells with >3 x background (measured over fibroblasts).

®Mean (+SEM) number of silver grains/cell (cells >3 x background).

°n = 400 for each hormone or subunit.
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Figure 5. Pit-1 protein is detected in three of the five pituitary cell types. Pit-1 protein is abundant in the nuclei of most somato-
trophs (GH) and thyrotrophs [TSH), but is rare or absent in the nuclei of gonadotrophs (LH) and corticotrophs (ACTH). A rabbit
antiserum to bacterial Pit-1 was localized with secondary antisera conjugated to fluorescein (GH, TSH, LH) or thodamine (ACTH),
while antisera to the hormones or hormone subunits were raised in other species and localized with secondary antisera conjugated to
rthodamine (GH, TSH, LH) or fluorescein (ACTH). Cultures were counterstained with bisbenzimide {blue, right column) to show all
nuclei in the field. Arrowheads show representative cells with cytoplasmic hormone staining and nuclear Pit-1 staining; arrows
indicate examples of hormone-stained cells with no detectable Pit-1 nuclear staining. The open arrow in the LH/Pit-1 photograph
indicates “bleeding” of the intense LH rhodamine immunofluorescence through the filter system used to detect fluorescein-labeled

Pit-1 protein. Magnification, 490 x .

effects, either basally or with addition of estrogen to the
cell cultures. Cotransfection of both Pit-1 and estrogen
receptors stimulated PRL fusion gene expression compa-
rable to Pit-1 alone; however, in the presence of es-
trogen, a marked, synergistic activation of PRL gene ex-
pression (8- to 15-fold) was observed. This effect was ap-
parently dependent on the estrogen-response element in
the PRL distal enhancer, because a cluster mutation al-

tering six bases in the estrogen regulatory element that
eliminated estrogen receptor binding (Adler et al. 1988)
entirely abolished this estrogen-dependent response (Fig.
6). Estrogen-dependent effects on PRL gene expression in
GC cells are rarely greater than fourfold; this is likely to
reflect, in part, the overlapping nature of recognition ele-
ments for various steroid family receptors (Evans 1988;
Beato 1989; Glass et al. 1989}, many of which are present
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in GC cells and may contribute to basal activation by an estrogen antagonist, a 7- to 15-fold effect is noted.

binding to a series of half-sites adjacent to the estrogen- These effects are dependent on the distal enhancer es-

response element (C.K. Glass, M.G. Rosenfeld et al., un- trogen-response element (S. Adler and M.G. Rosenfeld,

publ.]. However, if one compares estrogen-stimulated unpubl.). The absence of other factors in the CV-1 cells

expression of the PRL gene with that in the presence of may have permitted a more dramatic detection of the
A.
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Figure 6. (See facing page for legend.)
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Pit-1, estrogen receptor synergistic interaction. This
could reflect the actions of the estrogen receptor alone or
in concert with Pit-1 on the distal enhancer. Therefore,
the estrogen receptor appears to represent at least one
synergistic factor capable of producing a 10- to 30-fold
increase in PRL gene expression that is observed after
birth. It remains to be established whether this reflects
interactions between estrogen receptor with Pit-1 ele-

ments in the proximal promoter or distal enhancer, or
both.

Discussion

The results presented in this manuscript have provided
several insights into the development of a complex
mammalian organ, the adenohypophysis. While the ana-
tomic details of the serial movement of somatic ecto-
derm prior to cellular proliferation and the subsequent
development of Rathke’s pouch is well documented
{Chatelain et al. 1979; Watanabe and Daikoku 1979;
Watanabe 1979; Oliver et al. 1980), a cell-specific
marker to establish the earliest appearance of the pri-
mordial pituitary cells during early developmental
events has been lacking. Unexpectedly, expression of the
gene encoding the a-subunit of the glycoprotein hor-
mones by early ell in a broad band of cells in the so-
matic ectoderm, including those that are progenitors for
the intermediate lobe, establishes these cells as the pri-
mordial pituitary cells in the somatic ectoderm, and
provides a marker to investigate the molecular events
responsible for progression to Rathke’s pouch and ma-
ture pituitary cells. We find that thyrotrophs, cortico-
trophs, and gonadotrophs also exhibit distinct spatial
patterns of hormone mRNA expression, while GH and
PRL transcripts exhibit an apparent, although, much less
defined, spatial pattern of appearance. Thyrotrophs and
corticotrophs emerge on €13—el4 in distinct rostral and
caudal parts of the expanding anterior lobe. It is in-
triguing that cells in which the POMC gene is expressed
on e€l4 were, on el2, in direct apposition to cells ex-
pressing the POMC gene in the developing hypothal-
amus, provoking speculation about the potential role of
specific regulatory molecules in triggering the appear-
ance of specific pituitary phenotypes.

Pit-1 mRNA translation

The expression of Pit-1 protein during embryogenesis
precedes the initial appearance of PRL and GH tran-
scripts, and is consistent with the reported ability of
Pit-1 to trans-activate fusion genes under control of the
PRL and GH promoters in heterologous cell types (In-
graham et al. 1988, 1990; Mangalam et al. 1989; Jong et
al. 1989). The only failure to observe Pit-1-dependent co-
ordinate regulation of GH and PRL promoters involved
comparison of a human GH promoter with a rat PRL
promoter truncated at —9 bp (Castrillo et al. 1989).

Lactotrophs appear to arise from a somatotroph or pre-
somatotroph cell (Behringer et al. 1988; Borelli et al.
1989); thus, secondary mechanisms must subsequently
restrict GH gene expression out of lactotrophs, and con-
currently enhance PRL expression to the physiological
levels characteristic of mature lactotrophs. The very ex-
istence of a significant percentage of cells expressing GH
and PRL (somatomammotrophs) in the mature gland
(Hoeffler et al. 1985) itself argues that complete restric-
tion of either gene product might, in part, reflect limita-
tions in the assays used. It is quite possible that many,
or even most, somatotrophs and lactotrophs express lim-
ited amounts of PRL and GH, respectively, which are
below current levels of detection. Analyses of PRL fu-
sion genes in cultured cells (Nelson et al. 1988) and in
transgenic animals {Crenshaw et al. 1989) suggest that
synergistic interactions between the PRL proximal pro-
moter and distal enhancer are critical for physiological
levels of PRL gene expression. Because an estrogen re-
sponse element is located in the distal enhancer, and be-
cause the plasma estrogen and pituitary estrogen re-
ceptor levels have been reported to increase in concert
with increasing PRL gene expression (Slabaugh et al.
1982), the estrogen receptor was evaluated as a candidate
for a factor that, in synergy with Pit-1, might account for
the ontogeny of PRL expression. Based on observed syn-
ergistic transcriptional effects consequent to binding to
a response element in the distal enhancer, the estrogen
receptor is suggested to be capable of acting, with Pit-1,
to, in part, produce the characteristic large postnatal in-
crease in PRL gene expression.

Conversely, we would suggest that additional mecha-
nisms serve to restrict expression of growth hormone
out of both lactotrophs and thyrotrophs, and PRL out of

Figure 6. Combinatorial actions of at least two factors are required for the characteristic activation of the PRL distal enhancer. (A)
Transcription of rat PRL and rat GH fusion genes in GC pituitary cells. Fusion genes under control of the PRL promoter (— 176 to
+33) (Pl P), distal enhancer (— 1831 to — 1553 fused to a —36 to +33 PRL promoter) (Prl DE), or a construction containing both distal
enhancer and promoter (Prl DE/P} were compared with expression of the fusion genes under control of the GH promoter (GH-310) or
T, response element (TRE). Results are the average of triplicate determinations differing by <5%; similar results were obtained in four
experiments of similar design. (B) Expression of rat PRL and rat GH fusion genes in Pit-1* HeLa cells that express Pit-1 at levels
<10-fold those in GC cells, as documented by Western blot analysis. Comparable results were observed in five independent experi-
ments. (C) Cooperative interactions of Pit-1 and estrogen receptor on distal enhancer function. Expression plasmids encoding human
estrogen receptor or rat Pit-1 under control of the CMV promoter (Ingraham et al. 1988) were cotransfected with transcription units
under the control of the indicated PRL promoter/distal enhancer. Background was determined by utilizing a CMV expression plasmid
harboring a control insert (see Experimental methods) and subtracted from the results of the Pit-1 expression plasmid. The estrogen
response element in the distal enhancer was changed to a nonbinding site by a 6-bp cluster mutation (M), as previously described
(Adler et al. 1988). Where indicated, estradiol-17p (10-8 m) was added for 24 hr prior to harvest. Media conditions were as previously
described {Adler et al. 1988). Results are the average of duplicate determinations differing by <5%. Similar results are obtained in
three experiments of similar design.
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Figure 7. Combinatorial determination of ontogeny of cell phenotypes in the anterior pituitary gland. The initial appearance of each
cell type based on detectable expression of trophic hormone transcripts is represented schematically. The temporal pattern of appear-
ance of Pit-1 transcript and protein are indicated, with Pit-1 protein detected only in somatotrophs, lactotrophs, and thyrotrophs. The
required actions of additional activating and restricting factors are indicated. Estrogen receptors which dramatically increase after
birth, are postulated to represent one of the critical factors for activating the function of the distal enhancer of the rat PRL gene, by
direct or indirect synergistic interactions with Pit-1. Synergism between the PRL distal enhancer and promoter are required for a
physiological level of expression of the PRL gene (Crenshaw et al. 1989), characteristic of the mature lactotroph.

thyrotrophs and somatotrophs. Consistent with this in-
terpretation, a distinct genomic region has been sug-
gested to be required to restrict PRL gene expression out
of thyrotrophs (Crenshaw et al. 1989), and a similar sug-
gestion has been made for the GH gene (Lira et al. 1988).
The failure of GH to be expressed in detectable levels in
thyrotrophs or in lactotrophs also implies a multifac-
torial basis for GH gene expression, and this appears to
involve the actions of both restrictive and activating
factors. Indeed, based on analyses of transgenic mice, el-
ements 5’ to the two Pit-1 sites serve to increase rat GH
gene expression >20-fold (Lira et al. 1988). In concert,
these observations formally eliminate models proposing
that all cells expressing Pit-1 {GHF-1) would selectively
and obligatorily express the GH gene (Castrillo et al.
1989). The apparent multifactorial activation of pitu-
itary hormone gene expression is entirely in concert
with the overlapping pattern of developmental acti-
vators that physiologically activate and restrict gene ex-
pression in much simpler organisms such as yeast, C.
elegans, and Drosophila (Ptashne 1986; Gehring 1987;
Scott and Carroll 1987; Herskowitz 1989).

An unexpected finding was that Pit-1 mRNA con-
tinues to be highly expressed in all five mature pituitary
cell types, while protein is detectable only in somato-
trophs, lactotrophs, and thyrotrophs {Fig. 7). The absence
of detectable Pit-1 protein in about 20% of somato-
trophs, lactrotrophs, and thyrotrophs is likely to reflect
variation in levels of expression; however, the existence
of a distinct subpopulation for all three cell types is a
formal possibility. The specific hybridization of 3'-un-
translated probes of the Pit-1 mRNA, the failure to de-
tect any alternatively spliced species by RNase protec-
tion assays, and the apparent use of the identical CAP
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site in GC and total pituitary transcripts were all consis-
tent with the interpretation that Pit-1 mRNA was ex-
pressed in all five cell types. The most probable explana-
tion for these findings is that a specific inhibitory mech-
anism prevents translation of Pit-1 mRNA in
gonadotrophs and corticotrophs. There are few examples
in which mRNA-specific translational control has been
suggested to operate as a developmental strategy (Mac-
Donald and Struhl 1986; Vassalli et al. 1989). The
caudal gene in Drosophila appears to exhibit a gradient
of protein expression; however, reactive transcripts are
reported to be evenly distributed across the embryo (Le-
vine 1985; Mlodzik et al. 1985; MacDonald and Struhl
1986). Bicoid mutants abolish the gradient of protein ex-
pression, confirming the authenticity of reactive tran-
scripts (MacDonald and Struhl 1986). It is intriguing that
bicoid, a homeo domain protein, also contains a con-
sensus RNA-binding motif, suggesting the possibility
that it binds directly to caudal transcripts {Rebagliati
1989). Of course, differential protein stability, rather
than mRNA translation, could formally account for the
observations in the case of both caudal and Pit-1 selec-
tive protein expression. For other genes, altered CAP site
usage leads to an mRNA exhibiting altered translation
(Gawl et al. 1989). In one well-studied example of post-
transcriptional regulation in the differentiated cell, it
has been suggested that a putative iron-binding factor
can bind to two transcripts, ferritin and transferrin, re-
sulting in control of translation and mRNA degradation,
respectively (Leibold and Munro 1988; Mullner et al.
1989; Rouault et al. 1989).

The intriguing implications of the data are that Pit-1
gene activation represents an organ-specific event; how-
ever, the protein products of the Pit-1 transcripts are not
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detected in all mature cell types, possibly on the basis of
translational control. These data would suggest that a
distinct cell-specific mechanism might be responsible
for the translational “block” in gonadotrophs and corti-
cotrophs. The actions of Pit-1 protein are complemented
by other interacting factors that are required to achieve
the physiological patterns of gene activation. In the case
of the developing lactotroph, the appearance of estrogen
receptor subsequent to Pit-1 expression initiates syner-
gistic interactions that could produce progressive in-
crease in PRL gene expression to levels characteristic of
those in mature lactotrophs by permitting functional ac-
tivation of the distal enhancer. The combinatorial inter-
actions between transcriptional regulators containing
POU-domain and zinc-coordinated finger DNA-binding
motifs that, in part, account for the ontogenic patterns
of quantitative PRL gene expression, are likely to be pro-
totypic for similar events in development of other mam-
malian organs. Clearly, other mechanisms must operate
to restrict PRL and GH gene expression correctly from
thyrotrophs and from somatotrophs and lactotrophs, re-
spectively.

Experimental methods
Tissue preparation

Timed-pregnant Sprague-Dawley rats were purchased from
Zivic-Miller (Zelienople, Pennsylvania); time of insemination
(confirmed later by vaginal plug) was around midnight and was
considered the beginning of embryonic day O (e0); animals were
perfused around noon {EDT) an appropriate number of days
later. For this, the animals were deeply anesthetized with
chloral hydrate, and perfused transcardially with saline, fol-
lowed by 4% paraformaldehyde at pH 6.5 and then 4% parafor-
maldehyde at pH 9.5, as described previously (Simmons et al.
1989). The embryos were then removed and postfixed overnight
at 4°C in paraformaldehyde (pH 9.5) with 10% sucrose. Serial
10-pm-thick sagittal or frontal sections through the embryos
were cut in a cryostat, and mounted on subbed, poly-L-lysine-
coated slides {Simmons et al. 1989). For Pit-1 immunohisto-
chemistry, the fixative consisted only of 4% paraformaldehyde
at pH 9.5, and the tissue was also postfixed overnight as above.
Alternatively, pituitary glands (or neural regions] were col-
lected under the dissection microscope and frozen from unper-
fused animals; pituitaries from two litters were pooled and pro-
cessed. To characterize the ontogenetic appearance of tran-
scripts in the pituitary, animals on each day from el0 through
postnatal day 2 (p2) were examined with each of the probes
listed below; four to six embryos were examined for each probe
on the days just before and after initial expression; one to three
embryos were examined at the other ages.

Cultures of dispersed rat anterior pituitary cells were pre-
pared as described elsewhere (Vale et al. 1983) and 5 X 105 cells
were plated onto LabTek two-well culture slides. They were
fixed by immersion with 4% paraformaldehyde (pH 9.5 at 4°C)
for 15 min.

Histochemistry

In situ hybridization on embryo sections was carried out as de-
scribed in detail elsewhere {Simmons et al. 1989), except that
0.05% Triton X-100 at room temperature was used instead of
proteinase K, and the acetic anhydride step was omitted in the

Pit-1 mRNA translation

hybridization pretreatment. Immunochistochemistry on both
tissue sections and cultured cells was carried out using the
same methods. In brief, tissue was pretreated for 30 min with
KPBS+ [potassium phosphate-buffered saline (KPBS, pH 7.4}
containing 2% normal goat serum and 0.3% Triton X-100];
after rinsing 2 X 10 min in KPBS. Primary antibodies were di-
luted in KPBS with 0.02% sodium azide and applied for 2472
hr at 4°C. Tissue was then rinsed 2 x 10 min with KPBS at
room temperature, and secondary antibodies diluted in KPBS +
were applied for 60 min at room temperature. All histochem-
ical material (except combined immunohistochemistry/in situ
hybridization} was counterstained with bisbenzimide to show
cellular details (Schmued et al. 1982). The method used for
combining immunohistochemistry with in situ hybridization
has been described elsewhere (Watts and Swanson 1989).

[358]RNA probes and antibodies

[35S]cRNA probes were transcribed from linearized DNA tem-
plates using Riboprobe Gemini kits purchased from Promega
Biotech, Madison, WI) and [33S]UTP (1,000-1,500 Ci/mMm; New
England Nuclear, Boston, MA] as described elsewhere
(Simmons et al. 1989). The following cDNA inserts in either
SP64 or pGem vectors were used: mouse a-GSU (460-nucleo-
tide fragment supplied by P.L. Mellon, The Salk Institute; see
Chin et al. 1981), rat «GSU (495-nucleotide fragment, supplied
by W.W. Chin, Harvard University; see Godine et al. 1982);
mouse BTSH (430-nucleotide fragment, supplied by P.L.
Mellon, The Salk Institute; see Gurr et al. 1983); rat BLH {300-
nucleotide fragment, supplied by J.L. Roberts, Mt. Sinai School
of Medicine; see Tepper and Roberts 1984]; rat BFSH (874-nu-
cleotide fragment, supplied by P.L. Mellon; see Maurer 1987);
rat GH (800-nucleotide fragment) and rat PRL (780-nucleotide
fragment; see Gubbins et al. 1980), rat POMC (500-nucleotide
fragment of exon 3 supplied by J.L. Roberts, Mt. Sinai School of
Medicine; see Chen et al. 1983). Pit-1 RNA probes were synthe-
sized from pBluescript SK-based vectors (Stratagene). Probes
consisted of either a 0.37-kb EcoRI fragment (A) from the
coding region at the 5’ end of the cDNA, a 0.55-kb EcoRI frag-
ment from the internal part of the coding region that contains
the homeo box (B), a 1.2-kb EcoRI fragment of the cDNA that
contains only 3’-untranslated region (C) (Ingraham et al. 1988).
Qualitative results were equivalent with all three probes, but
the combination of all probes provides the greatest quantitative
signal. All probes were used at a concentration of 107 cpm/ml.
As a control for hybridization specificity, sense-strand control
probes were synthesized; none showed labeling of cells in the
pituitary.

The following antibodies were used for immunohistochem-
istry; sheep anti-rat ACTH polyclonal (D.N. Orth, Vanderbilt
University; 1 : 2000); rabbit anti-human ACTH polyclonal (ucb
Bioproducts; 1 : 1000); mouse anti-human BTSH monoclonal
{ucb Bioproducts; 1 : 5000); rabbit anti-human BTSH polyclonal
(BioGenex; 1 : 5000); mouse anti-human BLH monoclonal (Bio-
Genex; 1 : 2000); and rabbit anti-human BLH polyclonal (Cam-
bridge Medical Diagnostics; 1:2000).; mouse anti-human
BFSH monoclonal (Ventrex; 1:10,000); rabbit anti-human
BFSH polyclonal (Cambridge Medical Diagnostics; 1 : 2000);
monkey anti-mouse GH polyclonal (W. Van der Laan, Whittier
Institute; 1 : 20,000); rabbit anti-ovine GH polyclonal (Immun-
onuclear Corporation; 1:2000); and rabbit anti-human PRL
polyclonal {ucb Bioproducts; 1:2000). Specific staining was
blocked by absorption to the homologous antigen (1 mg antigen
to 1 ml of antibody diluted 1 : 200; absorbed overnight at 4°C,
then diluted to appropriate staining concentration).

Secondary antisera used to detect these antibodies included:
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goat anti-rabbit IgG conjugated to fluorescein or rhodamine
(Tago; 1 : 200); biotinylated goat anti-rabbit IgG (Vector Labora-
tories; 1:200); goat anti-sheep IgG conjugated to fluorescein
(Litton Bionetics; 1 : 50); goat anti-mouse IgG conjugated to
fluorescein or thodamine {American Qualex; 1 : 100); and goat
anti-human IgG conjugated to rhodamine (Cappel; 1 : 200).

RNase protection and primer extension assays

Poly(A)-selected RNA isolated from GC cells, or pituitary, es-
trogen-treated pituitary, as described previously (Ingraham et
al. 1988), was subjected to RNase protection analysis as de-
scribed {He et al. 1989). Briefly, a clone that contained Pit-1
cDNA extending 3’ to a portion of the POU domain in pBKS
(Stratagene) was used to generate labeled antisense probe, using
T7 RNA polymerase (Studier and Moffat 1986) in the presence
of [32P|JUTP (>800 Ci/mmole), that generated an RNA tran-
script of 538 nucleotides. As we have previously described (He
et al. 1989); 355 nucleotides were contributed by Pit-1 cDNA.
RNA (20 pg) was hybridized to 5 x 10° cpm antisense probe
{heated to 85°C and annealed for 12 hr at 45°C) and digested
with RNase A (30 pg/ml) at 30°C for 45 min prior to electropho-
resis on a sequencing gel. Markers used were the BRL 1-kb
standard ladder. mRNA transcription initiation site analysis
was performed with total RNA isolation from pituitary glands
from adult rats, retired breeders treated for 10 days with es-
trogen, or GC cells, as previously described (Elsholtz et al. 1986)
using a 30-bp antisense primer that would generate a 320-nu-
cleotide fragment, based on the characterization of the Pit-1
gene (R. Chen, H.A. Ingraham, M.N. Treacy, V.R. Albert, and
M.G. Rosenfeld, in prep.), labeled to 10° cpm/mg. Primer exten-
sion products were analyzed on 8% polyacrylamide gels.

Cotransfection analyses

Reporter plasmid vectors containing either rat PRL 5'-flanking
information (- 1831 to —1530/—178 to +36), rat GH informa-
tion {—320 to +8), and the firefly luciferase gene (de Wet et al.
1987) were prepared as previously described (Nelson et al.
1988). Expression plasmids for Pit-1 or a control plasmid con-
taining a noncoding portion of the epidermal growth factor re-
ceptor (Ct) were under transcriptional regulation of the CMV
promoter region, as previously described (Ingraham et al. 1990).
An SV40 splice poly(A) site was 3’ of the inserted DNA. CV-1,
GC, or Pit-1* HeLa cells were transfected with each reporter
plasmid (10 pg) using the calcium phosphate coprecipitation
procedure (Chen and Okayama 1987) and 10 ug of the expres-
sion vector containing the Pit-1 insert or Ct insert. Luciferase
assays were performed as previously described (de Wet et al.
1987) 48 hr following transfection. Permanently transfected
Pit-1* HeLa cells used were previously described {Mangalam et
al. 1989).

Preparation of antisera directed against Pit-1

Approximately 100 pg of Pit-1 protein purified by phosphocel-
lulose chromatography of protein extracts produced from an E.
coli expression system (Mangalam et al. 1989) was used to im-
munize a 3-1b female New Zealand white rabbit, which was
subsequently boosted twice with similar preparations of pro-
tein.

Preparation of embryonic cell protein extracts

Pituitary glands were harvested from pregnant rats at the indi-
cated times after fertilization by microsurgery and pooled. The
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pooled pituitaries were sonicated in 10 mm KCl, 20 mm HEPES
(pH 7.8), 1 mm MgCl,, and 0.1% NP-40. After sonication, the
lysates were adjusted to 300 mm in NaCl and incubated on ice
for 30 min. Final soluble protein concentrations in lysates
ranged from 2 to 7 mg/ml. A 0.5-pg amount of total pituitary
protein was used for gel mobility-shift analysis and 30 pg of
total pituitary protein was used in Western blot analysis.
Western transfers were made using a Novablot apparatus (Phar-
macia/LKB) following the manufacturer’s recommendations.
Final antiserum dilutions for both Western blot and gel-shift
analysis were 1:1000. Pit-1 reactive species were visualized
using a horseradish peroxidase colorimetric assay and a biotin/
avidin amplification system {Vector Labs).
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Pituitary cell phenotypes involve cell-specific Pit-1 mRNA translation
and synergistic interactions with other classes of transcription
factors.
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