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ABSTRACT

Studies of parathyroid hormone-like peptide (PLP) have demonstrated
that PLP gene expression is inducible by serum, growth factors, and
cycloheximide. Rapid induction of PLP gene expression has also been
observed following the induction of cell differentiation. These features of
PLP gene expression are consistent with a role for PLP in the regulation
of cell growth and differentiation. To understand the biology of PLP in
developing cells and tissues, we have studied the distribution of PLP
gene expression in the fetal and neonatal rat. PLP was localized by
immunocytochemistry to skin, vascular smooth muscle, skeletal muscle,
heart, liver, kidney, lung, and gastrointestinal tract in Day 14 fetal rat.
By Day 18 PLP immunopositivity was also detected in both fetal pituitary
and adrenal medulla, as well as in endocrine pancreas. Whereas few
PLP-immunopositive cells were detected in Day 14 brain, scattered areas
of PLP immunopositivity were evident in Day 18 brain, in regions such
as the choroid plexus. Immunostaining for PLP was also detected in Day
18 tissues that were positive on Day 14. The pattern of staining in fetal
testis, where PLP was strongly localized to seminiferous tubules, differed
from adult testis, where PLP was localized predominantly in Leydig cells.
PLP was localized to the hepatocytes but not to the hematopoietic
elements in fetal liver. Neonatal hepatocytes were weakly PLP immu-
nopositive, and PLP was not detected in adult rat liver. Northern blot
analysis demonstrated the presence of a single 1.4-kilobase PLP niRNA
transcript in fetal brain, liver, heart, lung, and intestine. The results of
these studies demonstrate that the PLP gene is widely expressed in a
diverse number of fetal rat tissues. The cellular and tissue localization of
PLP immunopositivity remains fairly constant in the transition from fetal
to neonatal and adult tissues except in the testis, where a cellular switch
in PLP-producing cells occurs, and the liver, where PLP gene expression
is progressively extinguished postnatally.

INTRODUCTION

The isolation and purification of a PLP3 from tumor tissue
and tumor-derived cell lines facilitated the isolation and cloning
of human and rodent PLP cDNAs (1-5). The PLP cDNA
sequences encode a 177-amino acid preproPLP with limited
amino-terminal homology (8 of the first 13 amino acids) to
PTH. The elucidation of the predicted amino acid sequence of
PLP was followed closely by a series of studies examining the
biological properties of synthetic and recombinant forms of
PLP. These experiments, using both in vivo and in vitro bioas-
says, have demonstrated that PLP and PTH have similar bio
logical properties and appear to exert many of their effects
through a common PLP/PTH receptor (6-9).

Studies of PLP production and bioactivity have provided
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support for the hypothesis that PLP produced by tumors is an
important mediator of malignancy-associated hypercalcemia.
PLP mRNA transcripts have been identified in human and
animal tumors which produced hypercalcemia in vivo (10, 11).
In addition, passive immunization of hypercalcÃ©miemice and
rats with PLP antisera transiently normalized plasma calcium
levels and urinary cyclic AMP excretion in animals bearing
PLP-producing tumors (12, 13). Furthermore, studies of the
immunoreactive plasma PLP concentrations in patients with
humoral hypercalcemia of malignancy have detected elevated
levels of PLP in the majority of patients with this syndrome
(14-16).

The detection of PLP mRNA transcripts and peptide in many
tissues raised the possibility that PLP may play a physiological
role in the biology of non-neoplastic cells. PLP gene expression
was detected in a variety of tissues from 8- to 12-wk-old human
fetuses (17) and chicken embryos (18) and in fetal ovine para
thyroid glands (19). The results of a number of different exper
iments have demonstrated that the regulation of PLP gene
expression is associated with changes in the state of cellular
differentiation. Purified and synthetic PLP 36Tyr(l-36) amide
induced epidermal growth factor-dependent transformation of
NRK 49F cells (20), and PLP gene expression increased follow
ing differentiation of F9 embryonal carcinoma cells (21). Dif
ferentiation of rat islet cells with sodium butyrate resulted in
rapid serum- and protein synthesis-independent induction of
PLP gene expression (22). Incubation of PLP-producing renal
carcinoma cells with PLP antiserum and a competitive PLP
antagonist resulted in inhibition of cell growth (23), whereas
PLP stimulated DNA synthesis in cultured rat calvarÃa(24).
Taken together, the available evidence supports a role for PLP
in the molecular events underlying cellular growth and differ
entiation. To examine the ontogeny and tissue distribution of
PLP gene expression in developing tissues, we have studied the
localization of PLP immunoreactivity in the fetal rat from Days
8 to 18 of gestation and in the neonatal rat.

MATERIALS AND METHODS

Animals. For immunocytochemical analysis, timed-pregnant female
Wistar rats (Charles River, Montreal, Quebec, Canada) were obtained,
and fetal pups (7 pups per time point) on Days 8, 10, 12, 14, and 18 of
gestation as well as 1- and 7 day old neonates and 3-month-old adult
rats were sacrificed. Three female New Zealand rabbits (Charles River,
Montreal, Quebec, Canada) were used for antiserum production. All
animals were handled according to University of Toronto guidelines
following approval of the research protocol by the hospital animal care
committee.

Reagents. All chemical reagents were purchased from Sigma (St.
Louis, MO), Fisher (Pittsburgh, PA), or BDH (Toronto, Ontario,
Canada). [32P]dATP was obtained from Amersham (Toronto, Canada).
Restriction enzymes and DNA-modifying enzymes were from Boehrin-
ger Mannheim (Toronto, Canada). Synthetic peptides were from
Bachern and Peninsula (Belmont, CA).

Construction and Expression of TrpE/PLP Vector. A cDNA fragment
containing primarily 5'-directed sequences of the human PLP cDNA
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was generated by polymerase chain reaction using primers synthesized
from published sequences. The cDNA was characterized by restriction
mapping and subcloned into the bacterial expression vector pATH3.
This plasmid contains a bacterial TrpE protein under the transcrip-
tional control of the tryptophan operon (25). The PLP cDNA coding
sequences were ligated in frame to the TrpE coding sequences to
produce a TrpE/PLP fusion protein which contained the first 130
amino acids of preproPLP. Escherichia coli HB 101 transformants
containing the recombinant plasmid PLP/pATH3 were induced as
previously described (25). Briefly, cells were harvested after a 4-h
induction with indoleacrylic acid (5 Mg/mO and resuspended in gel
sample buffer, and the TrpE/PLP fusion protein was purified by gel
electrophoresis and eluted prior to immunization. The purified TrpE/
PLP fusion protein was subsequently quantitated and characterized by
sodium dodecyl sulfate/polyacrylamide gel electrophoresis against a set
of protein standards, and 100 ^g of fusion protein were used for each
immunization.

Immunoblot Characterization of RPLP2 Antiserum. Forty Mgeach of
synthetic peptides [human calcitonin(l-32), human parathyroid hor-
mone(l-84), human PLP(l-34), human PLP(38-64), human PLP(67-
86)] and 40 ^g of gel-purified recombinant bacterially produced PLP(1-
130) were blotted onto a nylon membrane, cross-linked with glutaral-
dehyde, air dried for 10 min, and washed in 25 min Tris-HCl/190 mivi
glycine/20% methanol, pH 8.3, for 10 min. The membrane was incu
bated with antiserum at a 1:100 dilution, and visualization of the
primary reaction was carried out by hybridization with '"I-labeled

Protein A followed by autoradiography. An excess of peptide (40 Mg)
was used, since monitoring of the reactions with '"I-labeled peptide

showed that more than 95% of the peptide was lost from the membrane
after sequential hybridization and washes. Hence, the immunoblotting
cannot be considered quantitative.

Immunocytochentistry. Tissues were fixed in 10% buffered formalin
immediately following sacrifice of the animals and embedded in paraf
fin. Sections 4- to d-nm thick were cut and stained with hematoxylin
and eosin for tissue identification. The avidin-biotin-peroxidase tech
nique was used to visualize the immunological reaction as previously
described (26). The dilutions of primary antisera used were 1:200 to
1:400 for 24 h at 4Â°C.The specificity of immunostaining was verified

by replacing primary antiserum with nonimmune rabbit serum, and by
absorbing the primary antiserum with recombinant PLP. Positivity was
accepted only in sections in which no immunopositivity was detected
with nonimmune serum and where staining was completely abolished
by the addition of recombinant gel-purified PLP (5 Mg/ml) to primary
antiserum.

RNA Isolation and Analysis. Total cellular RNA from Day 18 fetal
brain, heart, intestine, kidney, liver, and lung was isolated as previously
described (27). Total cellular RNA was size fractionated on a 1%
agarose-formaldehyde gel, ethidium stained to assess the integrity and
loading of the RNA, and transferred to a nylon membrane. The RNA
was immobilized on the membrane following exposure to UV light,
and prehybridization and hybridization were carried out in Ix Den-
hardt's:4x SSC:200 iig/ml of salmon sperm DNA:40% deionized form-

amide:5% dextran sulfate:0.014 MTris, pH 7.4. The blot was hybridized
with 1 x IO6 cpm/ml of 12P-labeled cDNA probe (prepared by the
random priming technique) for 24 h at 42Â°C.Final washing conditions
were O.lx SSC:0.1% sodium dodecyl sulfate at 60Â°C.Autoradiography
was performed using Kodak X-Omat film at -70Â°C.The cDNA probe

consisted of a 712-base pair Pvu\\/Xba\ fragment excised from the rat
cDNA clone rPLPmlO (a gift from Dr. G. Hendy, Calcium Research
Laboratory, McGill University). This fragment encodes for 107 amino
acids of C-terminal PLP.

RESULTS

The results of our previous studies of human tissues using
rabbit polyclonal antiserum directed against PLP(l-34) have
demonstrated that PLP immunopositivity was localized to a
number of different endocrine tissues (28). To prepare antisera
which were not restricted in specificity to the PLP(l-34) epi-

tope, we generated rabbit polyclonal antiserum against a recom
binant human PLP fusion peptide, which contained the 36-
amino acid leader sequence followed by the first 94 amino acids
of human PLP (Fig. 1). To characterize the peptide domains of
PLP that were recognized by the PLP antiserum, synthetic
peptides were immobilized on a nylon membrane, and immu
noblotting was carried out. The result of a representative ex
periment using the RPLP2 antibody is shown in Fig. 1. Cross-
reactivity with the PLP(l-34) and PLP(67-86) peptides was
weak, whereas reactivity directed towards the PLP(38-64) do
main was easily detectable. No reactivity was detected with
human PTH(l-84) or human calcitonin(l-32). For immunocy-
tochemical studies, preincubation of antiserum with 100 ng of
the TrpE peptide had no effect on the staining, but preincuba
tion of antiserum with 5 Â¿Â¿g/mlof the TrpE/PLP fusion peptide
completely eliminated the immunopositivity. Absorption of
primary antiserum with 1 to 10 ng of human PTH(l-34) or
human PTH(l-84) did not eliminate the immunopositivity. The
pattern and quality of immunocytochemical staining of both
rat and human tissues obtained with the RPLP2 antibody were
identical to the results obtained with previously described anti-
serum directed against PLP(l-34) (28).

Immunostaining of rat embryos with the RPLP2 antibody
revealed that PLP immunopositivity was largely confined to
the decidua and trophoblast of the placenta of fetuses at Days
8, 10, and 12 of gestation. The neural tube was negative for
PLP immunopositivity at Day 12, and the developing brain was
PLP immunonegative at Day 14 (data not shown). In contrast,
PLP immunopositivity was localized to epidermis and skin
appendages, skeletal muscle, primitive heart, hepatocytes, renal
tubular epithelium, and bronchial and gastrointestinal epithe
lium of Day 14 rat fetus (Table 1). PLP immunopositivity in
fetal heart was localized predominantly to the myocytes of the

â€”¿�PreproPLP/-/JO
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PTH

P L P 1-34

P LP38-64

P L P 67-86

PLP-F

Fig. 1. Immunoblot characterization of RPLP2 antiserum. Plasmid map of
the TrpE/PLP expression vector. The 5'-end of the human PLP cDNA coding

sequence was synthesized by polymerase chain reaction and subcloned into the
bacterial expression vector pATH3. This plasmid contains a bacterial TrpE
protein under the transcriptional control of the tryptophan operon. The PLP
cDNA coding sequences were ligated in frame to the TrpE coding sequences to
produce a TrpE/PLP fusion protein which contained the first 130 amino acids
of preproPLP. Immunoblot analysis of RPLP2 reactivity with different peptides
was carried out with 40 Â¿igof each peptide, which were adsorbed onto a nylon
membrane, cross-linked with 0.5% glutaraldehyde, and incubated for 7 h with
RPLP2 antiserum (1:100 dilution) in 10% milk/0.3% Tween 20/0.1% sodium
azide. The blot was washed twice in phosphate-buffered saline, incubated with
12!I-labeled Protein A for 1 h, washed twice, and exposed to film for 24 h. CAL
is human calcitonin(l-32); PTH is human parathyroid hormone(l-84); PLP 1-34,
38-64, and 67-86 are human PLP(l-34), (38-64), and (67-86), respectively; and
PLP-F K the TrpE/PLP gel-purified fusion peptide.
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Table 1 Immunocytochemical localization ofPLP

Fetus Neonate

Tissue Day 14 Day 18 Day 1 Day 7

Skin
Skeletal muscle
Paraspinal myotomes
Heart
Vascular smooth muscle
Kidney
Lung-bronchial epithelium

Gastrointestinal tract
Salivary gland
Liver
Pancreas

Exocrine ducts
Endocrine islets

Pituitary
Thyroid
Parathyroid
Adrenal cortex
Adrenal medulla
Testis

Germinal elements
Leydig cells

Choroid plexus
Eye
Â°â€”¿�,negative; +, faint positivity in a few cells; ++. moderate positivity in a few

cells; +++, moderate positivity in many cells; ++++. strong posilivity in many-

cells.

myocardium and to the pericardium, with only a few weakly
immunopositive cells detected in the epicardium or endocar
dium (Fig. 2a). The aortic wall muscle was strongly positive
(Fig. 2A), and a few cells in the retina of the developing eye
were also PLP immunopositive (Table 1). Although elements
of the developing spine, including the vertebral bodies and
spinal cord were negative at Day 14, the paraspinal myotomes
were intensely PLP immunopositive (Fig. 3). No positivity was
detected in Rathke's pouch (cells which give rise to the pituitary)

or adrenal gland (Table 1).
The staining intensity of immunoreactive structures at Day

18 was equal to or greater than that seen at Day 14 for most
tissues. For example, the number of PLP-immunopositive cells
in fetal liver increased markedly from Day 14 to Day 18 (Fig.
4a, compared with Day 14 fetal liver shown in lateral aspect of
Fig. 2a). The PLP immunopositivity was confined to the he-
patocytes and was not found in the hematopoietic elements.
Many Day 18 chondrocytes exhibited PLP immunopositivity,
and osteoblasts in areas of developing osteoid also contained
PLP immunopositivity. Whereas the Day 14 pituitary con
tained no PLP-immunopositive cells, by Day 18, PLP immu
nopositivity was detected predominantly in the posterior limb
of Rathke's cleft, the developing intermediate lobe (Table 1).
Scattered PLP-immunopositive cells were detected in the Day
18 brain, with no obvious anatomical localization (data not
shown); the choroid plexus contained intense PLP immuno
positivity, but surrounding neural structures were negative.
Although bronchial epithelial cells exhibited PLP staining at
Day 14, strong PLP immunoreactivity was evident by Day 18
accompanied by faint staining of the alveolar epithelium and
intense staining of vascular smooth muscle (Fig. 5a). PLP
staining of the fetal pulmonary epithelium was more intense in
bronchi compared to the trachea and distal airways. Absorption
of the primary antiserum with the TrpE/PLP peptide com
pletely eliminated the immunopositivity (Fig. 5b).

In both the salivary gland and the pancreas, faint immuno
reactivity was found within ductular cells but was absent in the

.

- â€¢¿�â€¢â€¢jÂ£V-. . '*&,
.

&M '
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Fig. 2. In a, fetal heart on Day 14 contains intense PLP positivity in myocar
dium. Pericardium (arrow) and mesothelial lining of liver (arrowhead) are also
intensely positive. In b, adjacent to the developing heart !//), the muscular wall
of the aorta (A) is also intensely positive for PLP. a, x 80; Ã©.x 90. Avidin-biotin-
peroxidase complex for PLP in Figs. 2 to 8.

Fig. 3. Skin (arrowheads) and paraspinal myotomes (arrows) of Day 14 fetus
contain intense PLP immunoreactivity. x 90.
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LOCALIZATION OF PARATHYROID HORMONE-LIKE PEPTIDE IN THE RAT FETUS

I
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acinar tissue. The majority of cells comprising Day 18 islets of
Langerhans also contained moderate immunopositivity (Table
1). PLP immunoreactivity was diffusely distributed along the
gastrointestinal epithelium, with the strongest positivity in the
the squamous mucosa of the esophagus and moderate intensity
of staining occurring in the stomach and proximal small bowel
(Table 1). Cells of the adrenal medulla were intensely positive;
cortical cells contained diffuse PLP immunopositivity (Fig. 6).
Within the kidney, strong PLP immunopositivity was detected
in proximal and distal convoluted tubules and collecting ducts
as well as urothelium of the pelvis; in contrast, the glomeruli
did not contain PLP-immunopositive cells nor did the most
immature elements in the cortex of the developing kidney (Fig.
7). The seminiferous tubules in the fetal testis were intensely
positive (Fig. 8a); occasional scattered stromal cells that exhib
ited mild positivity may represent Leydig cell precursors. The
vascular smooth muscle of both Day 14 and Day 18 large blood
vessels, including aorta, its branches, and pulmonary arteries,
consistently contained PLP-immunopositive cells (Figs. 2b and
5; Table 1). Skeletal muscle was also strongly positive, whereas
the fibrous stroma was negative.

:Â£

Â¿M***:'
?*<*KV.Â¿. f *$? .

/ .'â€¢./Â»i.^*."Ar** â€¢¿�â€¢â€¢--â€¢_,-â€¢â€¢<.â€¢â€ž¿�>:

a
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Fig. 4. In a, hepatocytes of fetal liver at Day 18 show intense cytoplasmic PLP
immunopositivity; the hematopoietic elements are negative. In b. Day 7, the
ncunatal liver has some immunopositivc cells, mainly around portal triads and
vessels; many hepatocytes are negative. In c, the adult liver is totally negative for
PLP. atoc.x 230.

Fig. 5. In a, some epithelial cells lining bronchioles in a Day 18 fetus contain
intense PLP immunopositivity in the cytoplasm (arrowheads); alveolar lining
cells have faint PLP immunoreactivity. The most intense staining is seen in
smooth muscle of pulmonary vessels ( V). In b, absorption of primary antiserum
with TrpE/PLP peptide eliminates staining, a and ft, x 220.
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LOCALIZATION OF PARATHYROID HORMONE-LIKE PEPTIDE IN THE RAT FETUS

Fig. 6. The adrenal gland at Day 18 shows intense staining in cells of developing
medulla (arrows) as well as several zones of the cortex, x 80.

acterized by Northern blot analysis. Small amounts of a single
1.4-kilobase PLP mRNA transcript were detected in total cell
ular RNA from Day 18 fetal brain, kidney, liver, heart, lung,
and intestine (data not shown).

DISCUSSION

A number of different transcription factors and cytoplasmic
proteins have been shown to be serum inducible, and the levels
of their respective mRNA transcripts are often superinduced
following cycloheximide inhibition of protein synthesis (re
viewed in Ref. 31). Many of these gene products participate
directly in the early molecular events which mark the transition
from quiescence to the G, phase of the cell cycle (hence, their
designation as members of the immediate early gene family). A
much smaller number of serum-inducible immediate early genes
encode secreted peptides which may have important paracrine
or autocrine effects on cell growth (31 ). The observations that
PLP may have growth factor-like properties and of growth
factor regulation of PLP gene expression prompted us to ex-

*
Fig. 7. The Day 18 fetal kidney has strong PLP Â¡mmunopositivityin epithelial

cells of the proximal (arrows) and distal (arrowheads) collecting tubules and very
intense positivity in cells of collecting ducts (C). Staining is also detected in the
urothelium of the pelvis (P). The glomeruli and immature elements of the cortex
(*) are negative, x 80.

Neonatal rats sacrificed on Day 1 exhibited PLP positivity
in a distribution and intensity similar to that of Day 18 fetuses
(Table 1). By Day 7, the intensity of hepatocyte staining was
markedly reduced, but many cells remained faintly positive
(Fig. 4Â¿>);PLP immunoreactivity was not detectable in adult (3
mo) rat liver (Fig. 4c). In contrast to the localization of PLP
immunoreactivity detected in the germinal elements of the
seminiferous tubules in fetal testis (Fig. 8a), most of the im-
munopositivity in adult testis was clearly localized to the Leydig
cells (Fig. 8Â¿>).The staining patterns of other tissues at postnatal
Day 1 and 7 remained largely unchanged compared to Day 18
fetal rat (Table 1).

The results of most studies to date have demonstrated an
excellent correlation of tissue PLP immunopositivity or bioac-
tivity with the detection of PLP mRNA transcripts (17, 29, 30).
To provide additional evidence for the expression of the PLP
gene in fetal tissues, we extracted total cellular RNA from
different fetal tissues, and PLP mRNA transcripts were char

y "â€¢!*;*;Â»'./&

mta

Fig. 8. In a, germinal elements in seminiferous tubules ( '/') of Day 18 fetal

testis contain intense PLP immunopositivity. A few scattered stromal cells are
also weakly PLP immunopositive (arrows). In b, the adult testis, elements of the
seminiferous tubules (T) are faintly positive, whereas clusters of Leydig cells
(arroH'j) contain the most intense reactivity, a and Ã¨,x 210.
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amine the distribution of PLP-immunopositive cells in devel
oping fetal tissues.

The results of our experiments demonstrate that PLP mRNA
transcripts and immunoreactive peptide are detectable in a
diverse number of fetal tissues. Moreover, the developmental
appearance of PLP-immunopositive cells appears to be highly
tissue specific. Furthermore, we have localized PLP immuno-
positivity to several structures not previously demonstrated to
contain PLP immunoreactivity and identified several novel cell
types which contain PLP immunopositivity. For example, PLP-
immunopositive cells were observed in the fetal retina and
choroid plexus. In comparison to human fetal smooth muscle
where only localized positive staining was detected (17), PLP
immunoreactivity was consistently observed in vascular smooth
muscle of a number of different small- and medium-sized blood
vessels. These latter observations complement the results of
previous studies which demonstrated vasodilator and adenylate
cyclase properties of synthetic PLP, in agreement with the
known effects of PTH on vascular tissues (32). PLP immuno
positivity was also detected in skeletal muscle tissue, and nu
merous cells in the fetal myocardium were PLP immunoposi-
tive. The localization of PLP to smooth muscle provides further
evidence for possible local effects of PLP, in that both PTH
and PLP have previously been shown to be capable of inducing
relaxation of smooth muscle in vitro, particularly in the gas
trointestinal tract (33).

Studies of PLP gene expression in neoplastic tissues con
firmed that PLP mRNA transcripts could be detected in tumors
associated with hypercalcemia in vivo (11). More recent molec
ular surveys of PLP gene expression demonstrated the presence
of immunoreactive PLP in tumors not associated with the
development of hypercalcemia in vivo (28, 34-37). PLP mRNA
transcripts and immunoreactive PLP have been localized to a
large number of nonneoplastic tissues, including skin, brain,
stomach, lactating breast, gravid uterus, heart, skeletal muscle,
and many endocrine tissues (2, 10, 28, 30, 36-39). PLP gene
expression has recently been examined in developing chicken
and human fetal tissues. Examination of the distribution of
PLP gene expression in developing chicken embryos demon
strated that the PLP gene was expressed in a large number of
fetal tissues (18), in good agreement with the data presented
here for the fetal rat. A combination of Northern blot analysis
and immunocytochemical studies also provided evidence for
expression of the PLP gene in human fetal kidney, gonads,
musculoskeletal tissues, lung, and adrenal glands (17, 40),
consistent with the rat tissues shown to be immunopositive in
our study. Immunoreactive PLP(l-34) has also been identified
in extracts of fetal parathyroid glands from lambs and calves,
as well as human placenta! membranes (41), and experiments
carried out with fetal lambs have provided evidence for the
potential importance of PLP in the regulation of fetal calcium
homeostasis(19).

Analysis of the tissue distribution of PLP gene expression in
the fetal rat as compared to higher vertebrates provides a
number of distinct advantages, including the shorter gestational
period of the rat and the simpler organization of the rat PLP
transcription unit. Isolation of rat PLP cDNA and genomic
clones revealed that the amino acid sequence of rat PLP is
highly homologous to human PLP (2, 3). Rat PLP mRNA
transcripts originate from a single unique promoter and tran
scription start site, in contrast to the human gene where at least
two transcription start sites and multiple 5'-noncoding exons
produce considerable complexity in the 5'-ends of human PLP

mRNA transcripts (42). Additional diversity in the structure of
the human PLP transcription unit derives from the observation
that the human, but not the rat, PLP gene contains 3 different
exons which may be differentially utilized to generate PLP
mRNA transcripts with unique 3'-coding and 3'-untranslated

sequences. The results of our studies demonstrated a single 1.4-
kilobase PLP mRNA transcript in fetal rat tissues, indicating
that PLP mRNA transcripts in the fetus are similar in size, if
not identical to transcripts previously observed in adult tissues.

The cellular localization of PLP immunopositivity in fetal
rat tissues differed in some instances from the results obtained
with neonatal or adult rats. For example, the seminiferous
tubules of the fetal rat testis contained the majority of PLP-
immunopositive cells, with only faint Leydig cell PLP immu
nopositivity detected in the fetus. In contrast, both rat and
human (28) adult testis contained PLP immunopositivity pre
dominantly in the Leydig cells. The results of a previous study
demonstrated that PLP mRNA transcripts were present in fetal
but not adult liver (2). We have now extended these observations
by demonstrating that fetal hepatocytes but not hematopoietic
elements contain immunoreactive PLP. Furthermore, PLP im
munopositivity was progressively attenuated in neonatal rat
liver and absent from adult liver. Transcription of the a-feto-
protein gene is also activated in the developing liver and re
pressed following birth. The results of experiments using trans-
genie mice have shown that the molecular basis for the devel
opmental regulation maps to a c/s-acting enhancer which
mediates postnatal repression of a-fetoprotein gene expression
(43). The molecular basis for the extinction of PLP gene expres
sion in adult liver is currently not understood, but may poten
tially be under similar control of a developmentally regulated
fra/w-acting represser.

The detection of PLP-immunopositive cells in the bronchial
cells of the developing lung, and in the collecting ductules and
tubules of the fetal kidney, is in keeping with the observation
that humoral hypercalcemia of malignancy is frequently seen
in association with neoplasms of lung and kidney. Thus, the
expression of the PLP gene in many tumors should not neces
sarily be viewed as "ectopie," in that many normal fetal and

adult cells product PLP. The mechanisms underlying the ob
servation that only a small percentage of patients with PLP-
producing tumors develop hypercalcemia are currently not well
understood. Potential explanations include a high PLP produc
tion or secretion rate in selected tumors, possibly due to uncou
pling of the normal control of PLP biosynthesis or secretion.
The observation that a diverse number of fetal tissues express
the PLP gene and contain immunoreactive PLP lends further
support to the hypothesis that PLP may play an important role
in the growth and differentiation of fetal tissues.
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