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Prolactin (PRL) was reported to be locally synthesized in many brain areas
including the hypothalamus, thalamus (TH) and hippocampus (HIP). In the
pituitary lactotrophs, PRL synthesis is dependent upon a pituitary-specific
transcription factor, Pit-1. In the present study, we attempted to identify Pit-1
or Pit-1-like protein in brain areas known as the synthetic sites of PRL.
Reverse transcription-polymerase chain reaction (RT-PCR) and Northern
blot analysis showed the same Pit-1 transcripts in brain areas such as the
medial basal hypothalamus (MBH), preoptic area (POA), TH, and HIP with
the Pit-1 transcripts in the anterior pituitary (AP). Electrophoretic mobility
shift assay (EMSA) was run with nuclear protein extracts from brain tissues
using a double strand oligomer probe containing a putative Pit-1 binding
domain. Shifted bands were found in EMSA results with nuclear proteins
from MBH, POA, TH and HIP. Specific binding of the Pit-1-like protein was
further confirmed by competition with an unlabeled cold probe. Antisense
Pit-1 oligodeoxynucleotide (Pit-1 ODN), which was designed to bind to the
Pit-1 translation initiation site and block Pit-1 biosynthesis, was used to
test Pit-1 dependent brain PRL transcription. Two nmol of Pit-1 ODN was
introduced into the lateral ventricle of a 60-day old male rat brain. RNA blot
hybridization and in situ hybridization indicated a decrease of PRL mRNA
signals by the treatment of Pit-1 ODN. Taken together, the present study
suggests that Pit-1 may play an important role in the transcriptional
regulation of local PRL synthesis in the brain.

Prolactin (PRL) was originally identified as an anterior
pituitary (AP) hormone playing a regulatory role in
mammalian milk synthesis. Previous studies indicated
that PRL has various target organs and tissues and
functional varieties (reviewed by Ben-Jonathan et al.,
1996). PRL regulates many physiological processes in-
cluding the regulation of mammary gland development,
initiation and maintenance of lactation, immune modul-
ation, osmo-regulation, and behavioral modification. Re-
cently, almost all of the PRL targets including the brain
were known to synthesize their own PRL by them-
selves (Ben-Jonathan et al., 1996). Locally synthesized
PRL exerts many kinds of cellular functions such as
mitogenic, morphogenic or secretory activities in their
synthetic sites andfor vicinity.

The pituitary-specific expression of PRL and growth
hormone (GH) is due to the 5° flanking region contain-
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ing binding sites for a transcription factor, Pit-1 or
GHF-1 (Ingraham et al., 1990; Karin et al., 1990). Pit-1
was originally identified to regulate fetal pituitary devel-
opment as a pattern formation gene (Ingraham et al.,
1988, 1990; Karin et al., 1990; Li et al., 1990). Pit-1 is
a member of the superfamily of DNA binding proteins
containing a homeodomain (Bodner et al., 1988; ingraham
et al., 1988, 1990). Pit-1 is closely related to the Oct-1,
Oct-2 and Unc-86 proteins, which contain a second
highly conserved sequence motif known as the POU-
specific domain (Herr et al., 1988). Pit-1 binds 2 and 8
sites in the 5°-flanking regions of GH and PRL genes,
respectively (Lefevre et al., 1987; Nelson et al., 1988).
Pit-1 also binds to its own promoter region and aut-
oregulates the transcription of the Pit-1 gene by itself
(Chen et al., 1990). Recently, it was shown that Pit-1
is synthesized in several tissues including human and
rat placentas, hemopoietic and lymphoid tissues pro-
ducing a PRL or PRL-like protein, and plays a trans-
activational role for local PRL (or PRL-like protein)
synthesis (Delhase et al., 1993; Bamberger et al.,
1995; Lee et al., 1996; Lee et al., 1998).
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In the present study, we presumed that Pit-1 is
locally synthesized and trans-activates PRL gene ex-
pression in the brain. We attempted to clarify this hypo-
thesis using Northern blot hybridization, electrophoretic
mobility shift assay (EMSA) and targeted disruption of
Pit-1 synthesis with intracerebroventricular (ICV) admini-
stration of the antisense Pit-1 oligodeoxynucleotide.

Materials and Methods

Animal and tissue preparations

Adult male Sprague-Dawley rats were used in the
present experiments. Animals were housed in the nor-
mal light dark cycle (light on 0600 h) and water and
food were fully supplied. Tissue samples including brain
areas such as the medial basal hypothalamus (MBH),
preoptic area (POA), thalamus (TH) and hippocampus
(HIP) were collected from animals. For in situ hybrid-
ization analysis, animals were perfused with 4% para-
formaldehyde in 0.1 M phosphate buffered saline (PBS,
pH 7.2) through the left cardiac ventricle.

PCR cloning of PRL and Pit-1 cDNAs

Partial cDNAs of Pit-1 and PRL were cloned with RT-
PCR using primer sets based on the known sequences
(Cooke et al., 1980; Ingraham et al., 1990; Karin et al.,
1990; Wilson et al.,, 1992). The PCR-cloned Pit-1 and
PRL cDNA fragments were used as templates for cRNA
probes for Pit-1 mRNA determination using Northern
blot hybridization and PRL mRNA using in situ hybridi-
zation histochemistry, respectively. The PCR-cloned PRL
cDNA was also used as the cDNA probe for the slot
blot hybridization of brain PRL mRNA. For amplification
of PRL cDNA, upstream primer (5-AAA TGT GCA
GAC CCT GCC AGT C-3) and downstream primer (5'-
CAT CAG GAG CTT CAT GGA TTC C-3) were syn-
thesized based on previous reports (Cooke et al., 1980;
Wilson et al., 1992). For PCR of Pit-1, upstream primer
(5-CAA CCT TTC ACC TCG GCT GAT AC-3) and
downstream primer (5-GGG TGT GGT CTG GAA ACT
TGT AAA G-3') were designed based on previous re-
ports (Ingram et al., 1990; Karin et al, 1990). Ampli-
fication products were inserted into pGEM-T easy
vector (Promega) and sequenced using an automatic
DNA sequencer (Korea Basic Science Institute).

Northern blot and slot blot hybridization

To determine the levels of brain Pit-1 and PRL mRNA,
Northern blot and slot blot hybridization were employed,
respectively. Total cytoplasmic RNA was extracted us-
ing the guanidinium thiocyanate-acid phenol-chloroform
method (Chomczyski and Sacchi, 1987). RNA samples
(20 pg) were separated on a 1.2% agarose-form-
aldehyde gel, and transferred onto a positively charged
N* nylon membrane (Amersham). To determine the
level of PRL mRNA, RNA samples (5pg) were blotted
onto a nylon membrane with a slot blot kit (Hoeffer).
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Membranes were hybridized with a *P-labeled Pit-1
cRNA probe or a *P-labeled PRL cDNA probe in hybri-
dization solution with a specific activity of 1x10° cpm/ml,
respectively. Final post-hybridization washes were in
0.1xSSC at 60T. Autoradiographic images of X-ray
film were normalized with densities of ribosomal RNA
bands and calculated as a percent of control values.

Probes

Complementary DNA probe for slot blot hybridization of
PRL mRNA was labeled with *P-dCTP (Amersham)
using a random primer labeling kit (Boehringer Mann-
heim) with EcoR! digested PCR-cloned PRL cDNA.
RNA probes were used for Northern blot hybridization
of Pit-1 mRNA and in situ hybridization of PRL mRNA.
After linearization with Ncol, *P- or **S-labeled cRNA
probes were synthesized using SP6 BNA polymerase.
Radiolabeled probes were separated from the free
isotope with a Nick column (Pharmacia).

Electrophoretic Mobility Shift Assay (EMSA)

Nuclear protein extracts from different rat tissues known
as synthetic sites for PRL were prepared according to
the method of Andrews and Faller (1991), utilizing the
cocktail of protease inhibitors. A double-stranded oligo-
deoxynucleotide probe containing the sequence of the
proximal auto-feedback Pit-1 binding site in the Pit-1
promoter (5-GCC GCC CTG ATG TAT ATA TGC AAT
AGG GAG C-3) was synthesized as a complementary
pair on an automatic DNA synthesizer as described
previously (Chen et al, 1990). The probe was end-
labeled with *P- » -ATP in a reaction catalyzed by DNA
polynucleotide kinase and purified over a Nick column
before use. The binding assay was performed as
described (Andrews and Faller, 1991) using nuclear
proteins (2ug from AP and 5pg from other tissues,
respectively), 20,000 cpm of probe and 1pg of poly
(dI-dC) in a buffer containing 10 mM Tris (pH 7.5, 50
mM NaCl, 1 mM EDTA, 5 mM MgCl,, and 5% glycerol).
Upon completion of the reaction (performed in a 20 pi
volume, for 20 min at room temperature), the protein/
DNA complexes were separated by electrophoresis on
a 4% nondenaturing polyacrylamide gel using a running
buffer containing 0.05 M Tris, 0.38 M glycine, and 2 mM
EDTA, pH 8.8. The gels were then dried and exposed
to film at -85%C.

Targeted disruption of Pit-1 synthesis

An antisense oligodeoxynucleotide (Pit-1 ODN) directed
against the sequence surrounding the first ATG codon
(Ingraham et al., 1990} in the rat Pit-1 gene (5-TTG
GCA ACT CAT TCC CAC AAG-3) was used to disrupt
Pit-1 synthesis. An ODN containing the same nucleo-
tide composition of the antisense ODN, but in scram-
bled order (Pit-1 SCR: 5-TCG CCA ATA GCC TAC
TTA GAC-3) was used as a control. This scrambeled
sequence does not bear similarity with any sequence



deposited thus far in the NCBI GenBank. To determine
the selective effect of ODN on Pit-1 synthesis, we
determined the level of the Pit-1 protein using EMSA.

Intracerebroventricular (ICV) injection of antisense Pit-1
oligodeoxynucleotide

For the ICV injection, the ODNs were diluted in saline
at a final concentration of 0.5 mM. Under pentobarbital
(7.5 mg/kg BW) and ketamine hydrochloride (25 mg/kg
BW) anesthesia, a polyethylene guide cannula (od
1.05 mm, id 0.35 mm) with the inner stylet (27 gauge)
was stereotaxically implanted into a lateral ventricle
(1.2 mm rostral to the bregma, 1.2 mm lateral from the
midline, and 4.5 mm vertical from the surface of the
skull) of 60-day old male SD rats and fixed in place
with anchor screws and dental cement. After a re-
covery period of 1week, the inner stylet was removed
and then ODNs (2nmol) were ICV injected with a
Hamilton syringe once a day for 2 consecutive days.
The amount of ODN injected was reported to be more
than sufficient to block the synthesis of the target
protein (Ogawa et al., 1994; Seong et al., 1998).

To determine the functional consequences of Pit-1
ODN-induced inhibition of Pit-1 synthesis, we sought to
determine the level of PRL mRNA using slot blot
hybridization 2 days after ICV injection.

In situ hybridization

The procedure employed is that described previously
(Simmons et al., 1989) with minor modifications. The
brains were fixed by transcardiac perfusion with 4%
paraformaldehyde in phosphate buffered saline (pH
7.4), followed by overnight post-fixation in the same
fixative containing 10% sucrose. The tissues were
frozen on dry ice and stored at -80T until sectioning.
Sections with 20 um thickness were obtained using a
sliding microtome, mounted onto ProbeOn™ Plus mic-
roscope slides (Fisher Scientific), and dried under
vacuum overnight before hybridization. The sections
were overlaid with 70 ul of hybridization solution con-
taining 5x10°cpm of probe per ml and hybridized
overnight at 60C. Post hybridization washes were
carried out as recommended (Simmons et al., 1989).

Statistical analysis

To determine the statistical significance of Pit-1 ODN
on the mRNA level of brain PRL, we applied student
T-tests between Pit-1 SCR and Pit-1 ODN injected
groups. The significance was determined at the level
of p<0.05.

Results

Northern blot analysis of Pit-1 mRNA

Pit-1 mRNA was determined in the brain regions by
Northern blot hybridization using **P-labeled cRNA pro-
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be. RT-PCR was performed to make a cDNA fragment
of Pit-1 from RNA extracted from hypothalamic tissues.
The Pit-1 ¢cDNA fragment in the brain had exactly the
same sequence with the known sequence of Pit-1
cDNA in AP (data not shown).

In agreement with previous reports in AP (Ingraham
et al., 1988; Day and Day, 1994), major and minor
transcripts of approximately 2.5kb and 1.2kb were
detected in MBH, POA, TH and HIP of the brain as
well as AP (Fig. 1). Levels of Pit-1 mRNA in the brain
tissues were relatively low compared to the level of
Pit-1 mRNA in AP when the same amount of RNA (20
ug) was loaded on each lane.

Electrophoretic mobility shift assay (EMSA)

Electrophoretic mobility shift assay (EMSA) was carried
out to determine the binding protein to a putative Pit-1
binding domain in the promoter region of the Pit-1
gene. Nuclear protein fractions from rat tissues in-
cluding MBH, POA, TH, and HIP were incubated with
a double strand oligomer probe. A single shifted band
of the same size with a positive control tissue of AP
was found in MBH, POA, TH, HIP, mammary gland
and placenta (Fig.2). Therefore, a putative Pit-1 (or
Pit-1-like protein) in these tissues seemed to bind the
Pit-1 binding domain of an oligomer probe. On the
contrary, nuclear proteins from the thymus, spleen, and
uterus did not generate a specific shifted band as
found in AP, suggesting that these tissues do not
synthesize Pit-1 (or Pit-1 like protein) with the binding
activity to the Pit-1 binding domain. Different forms of
shifted bands were shown in the cerebellum and de-
cidua, suggesting that different forms of Pit-1 or dif-
ferent protein sharing binding activity with Pit-1 may be
synthesized in these tissues.

= 25 g & 3
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Fig. 1. Northern blot analysis of Pit-1 mRNA in the rat brain. RNA
samples (20 pg) were run on 1.2% agarose gel, transferred onto nylon
membrane, and hybridized with a **P-labeled Pit-1 cRNA probe. The
upper panel represents autoradiography of Pit-1 mRNA bands showing
a 25kb major transcript and 1.2kb minor transcript in the positive
control tissue of the anterior pituitary (AP), medial basal hypothalamus
(MBH), preoptic area (POA), thalamus (TH), and hippocampus (HIP).
No positive signal was observed in the muscle (MU). Lower pane!
shows 28 S and 18 S ribosomal RNA bands.
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Fig. 2. Electrophoretic mobility shift assay (EMSA) of Pit-1-like proteins
in various tissues and organs including the medial basal hypothalamus,
a preoptic area in the brain. Nuclear protein extracts (2 g for anterior
pituitary and 5ug for other tissues) were incubated with *P-labeled
double strand oligomer probe containing a Pit-1 binding domain and
poly (dI-dC). Shifted bands were separated from the free probe with a
4% nondenaturing polyacrylamide gel.

We focused on the specific shifted band of Pit-1
found in brain tissues only, and further confirmed the
presence of the Pit-1 protein in brain tissues using
EMSA as a competitor. 2p._|abeled probe competed
with excess amounts of unlabeled cold probe to bind
the nuclear protein fractions that have binding activity
to the Pit-1 binding domain. Shifted bands found in the
HIP, MBH, POA and TH disappeared by addition of
excess amounts of cold probes (Fig. 3).

Effect of ICV injection of antisense Pit-1 oligodeoxy-
nucleotide (ODN)

To target the synthesis of Pit-1 in the brain, we
injected antisense Pit-1 oligodeoxynucleotide (Pit-1 ODN)
into the lateral ventricle of the male rat. To validate the
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Fig. 3. Competition of electrophoretic mobility shift assay. Excess amounts
of unlabeled probes (50x and 100x) were added in the reaction mixture
to compete with the radiolabeled probe. Nuclear protein fractions were
extracted from the hippocampus (HIP), medial basal hypothalamus
(MBH), preoptic area (POA) and thalamus (TH). AP, anterior pituitary.
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Fig. 4. Validation of the selective effect of antisense Pit-1 oligodeoxy-
nucleotide (ODN) on the biosynthesis of Pit-1. Pit-1 ODN and SCR (2
nmol each) were ICV injected into the lateral ventricle twice, and 2 days
later nuclear proteins were extracted from the hypothalami. Nuclear ex-
tracts (5ug) were analysed with EMSA. Pit-1 ODN clearly removed the
shifted bands of the binding protein with the Pit-1 specific oligomer probe.

selective effect of antisense ODN on Pit-1 protein
synthesis, EMSA was carried out to determine the
binding activity of Pit-1 protein from the hypothalamic
nuclear extracts. As shown in Fig. 4, shifted bands were
almost completely removed in the Pit-1 ODN injected
rat hypothalami. To determine the inhibitory effect of
Pit-1 synthesis on PRL mRNA leveis, we measured PRL
mRNA levels, using slot blot hybridization, in brain
tissues injected with Pit-1 ODN. Pit-1 ODN signifi-
cantly suppressed PRL mRNA levels in the brain tis-
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Fig. 5. Effect of antisense Pit-1 ODN on the PRL mRNA level. Two
nmol of antisense Pit-1 ODN or scramble (SCR) were injected into the
lateral ventricle twice, and RNA samples were purified from the preoptic
area (POA), medial basal hypothalamus (MBH), thalamus (TH), and
hippocampus (HiP). Slot blot hybridization (using 5ng RNA_samples)
was performed to determine the level of PRL mRNA with a p.labeled
PRL cDNA probe. Upper panel shows the representative autoradio-
graphy and lower panel shows the mean (+SEM) of three repeated
experiments. Inlet of upper panel shows the effect of antisense Pit-1
ODN on prolactin (PRL) mRNA in the anterior pituitary.

* Significantly different at the level of p<0.05.
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Fig. 6. In situ hybridization analysis showing the effect of antisense Pit-1 ODN on the brain PRL mRNA. Bright fields of autoradiography (10x
magnification) represent PRL mRNA signals in brain areas including the hippocampus (HIP), thalamus (TH), preoptic area (POA), and medial basal
hypothalamus (MBH) in the Pit-1 SCR injected control rat brain (left panels). Antisense Pit-1 ODN almost completely removed the positive signals of
PRL mRNA (right). Upper panels show the rostral sections of lower panels. CC, cerebral cortex; PIR, piriform cortex.

sues such as the POA, MBH, TH and HIP as well as
the PRL mRNA level in AP (Fig. 5).

The effect of Pit-1 ODN on the mRNA level of brain
PRL was further confirmed with in situ hybridization
histochemistry using a **S-labeled PRL cRNA probe
(Fig. 6). PRL mRNA signals were found in many brain
regions including the HIP, TH, POA and MBH of the
SCR injected control animal. The PRL mRNA signals
nearly disappeared with ICV injection of Pit-1 ODN.
This result differed from the result of slot blot analysis
showing a 60-80% reduction in the PRL mRNA level
by Pit-1 ODN. This discrepancy may be due to dif-
ferent determination methods and sensitivities between
the two techniques. It is presumed that the present in
situ hybridization analysis did not generate specific
signals from reduced PRL mRNA levels by Pit-1 ODN
shown in the slot blot analysis.

Discussion

PRL affects many physiological processes in various
targets such as the mammary gland, placenta, uterus
and brain. Furthermore, PRL is involved in many kinds
of cellular functions such as mitogenic, morphogenic or
secretory activities and osmo-regulation. Recently, PRL
was reported to be locally synthesized in several brain
areas including the hypothalamus, TH and HIP (Ben-
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Jonathan et al.,, 1996).

PRL gene transcription in AP is dependent upon
trans-activation by a pituitary specific transcription factor,
Pit-1, by binding to eight binding motifs in the PRL
gene promoter region (Nelson et al., 1988). Moreover,
Pit-1 was reported to play an important role in the
trans-activation of PRL or PRL-like protein synthesized
in other tissues such as the placenta and lymphoid
tissues (Delhase et al., 1993; Bamberger et al., 1995;
Lee et al., 1996; Lee et al., 1998). Therefore, we hypo-
thesized that Pit-1 may play a role in the biosynthesis
of brain PRL.

We report here that Pit-1 is locally synthesized in
the rat brain region and regulates brain PRL gene
expression, based on the electrophoretic mobility shift
assay, PCR, and Northern blot analysis. Data from the
electrophoretic mobility shift assay and Northern blot
hybridization showed that the Pit-1 protein as well as
mRNA is present in brain regions such as the hypo-
thalamus, TH, and HIP. According to the present Nor-
thern blot analysis, the same major and minor tran-
scripts were found to be transcribed from the Pit-1
gene in the brain as in AP, though the level of brain
Pit-1 mRNA was relatively low compared to the level
of AP Pit-1 mRNA. Therefore, the same Pit-1 found in
AP may play a role in the regulation of PRL gene
transcription in the brain.
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Recently, several results suggested that Pit-1 is
locally synthesized and plays a role in the regulation of
local GH and PRL family genes in the placenta, hemo-
poietic and lymphoid tissues as described above. In
addition, phylogenetically conserved Pit-1 was found in
the salmon pituitary and it was believed to regulate the
expression of saimon PRL (Eisholtz et al., 1992; Ono
et al., 1994). Taken together with the previous data,
the present results highly suggest that Pit-1 may play
a role as a target gene-specific transcription factor in
whichever tissues it is found.

To test this hypothesis, we determined the level of
brain PRL mRNA after ICV injection of antisense Pit-1
ODN. Pit-1 ODN markedly suppressed the level of
brain PRL mRNA as well as PRL mRNA in AP. The
present result suggests that Pit-1 ODN exerts its effect
on the transcription of the PRL gene through the inhi-
bition of Pit-1 biosynthesis and, in turn, the low level of
Pit-1 may not sufficiently trans-activate PRL gene ex-
pression.

It is so far unclear how the ODN can reach celis in
deep areas of the brain and play an inhibitory role in
protein synthesis. ODN may be diffused through the
periventricular wall into brain areas including the
hypothalamus, HIP and TH as previously suggested
(Pellegrini et al., 1996; Cui et al., 1999). Cui et al.
(1999) showed that ICV injected biotinylated-ODN
reached even to cerebral and cerebellar layers within
24 hr, and the level of ODN was maintained up to 2
days after infusion. Although the precise pathway of
ODN into the cell is still unclear, the perinuclear locali-
zation of ODN was observed in several studies
(Agarawal et al., 1992; Whitesell et al., 1993; Cui et
al., 1999). In part, endocytosis may be one mechanism
through which cells uptake charged ODN (Yakubov et
al.,, 1989). Previous reports suggest that antisense
ODN may block the translation of the protein by bind-
ing to the translation initiation site of mMRNA or DNA/
RNA double strand may facilitate the RNase H diges-
tion of mRNA (Landgraf, 1996; Roush, 1997).

The decrease in PRL mRNA level of AP may be
due to the partial delivery of Pit-1 ODN to AP through
the hypothalamo-hypophysial portal system because
median eminence, the hypothalamic end of the portal
vein, lies outside the blood-brain barrier (Pellegrini et
al., 1996). It may also be due to an indirect mechanism
through the effect of Pit-1 ODN on the PRL release
inhibiting factor or activating factor in the hypothalamus
although it has not been tested yet.

In the present study, we found the Pit-1 transcript
corresponding to the major splice variant of the a form
using RT-PCR and Northern blot analysis. However,
we could not find any other minor splice variants such
as B and 1 forms as suggested by previous studies
(Day and Day, 1994; Konzak and Moore, 1992; Voss
et al., 1993). B and Tt forms of splice variants may not
be present at all or be much less than the a form in
the brain. Pit-1 B was known to trans-activate the PRL
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and GH gene promoter and be a more potent trans-
activator for the GH gene promoter than Pit-1 a (Konzak
and Moore, 1992). Further studies are needed to
clarify the presence of Pit-1 8 and T, and their possible
role in the brain.

Pit-1 has been known to be essential in the trans-
activation of placental lactogen (PL) genes andfor GH
variant genes in the rat and human placenta (Bamber-
ger et al., 1995; Lee et al., 1996; Lee et al., 1998). On
the other hand, the placenta specific expression of PLs
was reported to be due to other regulators such as
GATA factors for the trans-activation of the mouse PL-|
gene (Ng et al., 1994), and transcriptional enhancer
factor-1 (TEF-1) for human chorionic somatomammo-
tropin (Lytras and Cattini, 1994). Recently, the PRL
regulatory element binding protein (PREB) was identi-
fied and characterized to bind to the PRL promoter in
combination with Pit-1 in the rat pituitary (Fliss et al.,
1999). PREB mRNA was also found in the brain and
other tissues known as RRL biosynthetic sites. There-
fore, we could not exclude the possibility that PREB
and Pit-1 may coordinately work to regulate the tran-
scription of the PRL gene in the brain.
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