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Abstract

The human growth hormone-variant (hGH-V) gene is one of
five highly similar growth hormone-related genes clustered on
the short arm of chromosome 17. Although the pattern of ex-
pression of the adjacent normal growth hormone (hGH-N) and
chorionic somatomammotropin (hCS) genes in this cluster are
well characterized, the expression of the hGH-V gene remains
to be defined. In previous studies, we have demonstrated that
the hGH-V gene is transcribed in the term placenta and ex-
pressed as two alternatively spliced mRNAs: one is predicted
to encode a 22-kD hormone (hGH-V), the other retains intron
4 in its sequence resulting in the predicted synthesis of a novel
26-kD hGH-V-related protein (hGH-V2). In the present re-
port, we document the expression of both of these hGH-V
mRNAspecies in the villi of the term placenta, demonstrate an
increase in their concentrations during gestation, and directly
sublocalize hGH-V gene expression to the syncytiotropho-
blastic epithelium of the term placenta by in situ cDNA-
mRNAhistohybridization. The demonstrated similarity in the
developmental and tissue-specific expression of the hGH-V
gene with that of the related hCS gene suggests that these two
genes may share commonregulatory elements.

Introduction

The human growth hormone-variant (hGH-V)' gene (1) is a
member of the superfamily of polypeptide hormone genes that
includes five highly similar GH-related genes in a 45-kb cluster
(2) located between q22 and q24 on chromosome 17 (3) and at
least one more distantly related gene encoding prolactin (Prl)
located on chromosome 6 (4). All five of the genes in the GH
cluster are arranged in the same transcriptional orientation
and are from 5' to 3': normal human growth hormone (hGH-
N), a chorionic somatomammotropin pseudogene (hCS-L),
one of two nearly identical chorionic somatomammotropin
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genes (hCS-A), the hGH-V gene, and a second hCS gene
(hCS-B) (2, 5). Each of these genes has in commona five-exon
structure and each encodes a major secreted protein product of
22-24 kD. Two alternative splicing pathways have been iden-
tified in the hGH-related gene transcripts: use of an alternative
splice-acceptor site within exon 3 of the hGH-Ngene, resulting
in the expression of a 20-kD internal deletion form of hGH
(6-8), and the retention of intron 4 in hGH-V transcript re-
sulting in an mRNA(hGH-V2 mRNA)with the potential to
encode a novel 26-kD protein (9). The expression of the
hGH-N gene is limited to somatotroph cells in the anterior
pituitary and the expression of the hCS gene to the syncytio-
trophoblastic epithelium of the placenta (10). The hPrl gene
has a wider distribution of expression in vivo including the
lactotroph cells of the anterior pituitary, the decidual basalis of
the placenta (1 1, 12), and decidualized endometrium of the
nongravid uterus during days 22-28 of the menstrual cycle
(13). The in vivo expression of the hGH-V gene has recently
been directly demonstrated by the isolation and sequence anal-
ysis of hGH-V and hGH-V2 cDNAs from the placenta (8). A
placental growth hormonelike molecule found in maternal
sera at increasing concentrations during gestation most likely
represents a circulating form of at least one of the hGH-V gene
expression products (14). In the present report, we attempt to
further define hGH-V gene expression by assaying for the pres-
ence of the hGH-V and hGH-V2 mRNAsin specific anatomic
regions of the term placenta, at various times during gestation,
and by directly identifying the expressing cells by in situ histo-
hybridization to the encoded transcripts.

Methods

mRNAisolation and analysis. Stably transfected mouse fibroblast
(C127) cell lines expressing the hGH-N (CM-GH) and the hGH-V
(CM-V) genes have been previously described (9). RNAwas prepared
from these cultured cells by the method of Strohman et al. ( 15). Fresh
placental tissues were obtained immediately after delivery or termina-
tion of pregnancy under a protocol approved by the Committee on
Studies Involving HumanSubjects of the University of Pennsylvania.
The ages of the placentae were estimated from the dates of the mothers'
last menstrual period. These tissues were immediately dissected into
amnion, chorion, villous and decidual layers, and the tissues were
rapidly frozen in liquid nitrogen. In the case of the 9 wk gestational
tissues, villous polyps were teased away from the membranes and were
selected by flotation in normal saline solution. Floating villous tissue
was removed from the saline and quickly frozen. RNAwas then iso-
lated from each sample (16). Northern analysis was carried out by
standard procedures: RNAsamples were denatured in 6.6% formalde-
hyde at 60°C for 15 min, electrophoresed through 1.5% agarose, 6.5%
formaldehyde-submerged slab gels (17), and transferred to nitrocellu-
lose filters (18). The filters were hybridized with 32P-labeled hPrl cDNA
(19) or hCS cDNA (Cooke, N. E., and S. A. Liebhaber, unpublished
findings) insert probes as described in the text.

HumanGrowth Hormone-variant Gene Expression 1985

J. Clin. Invest.
©The American Society for Clinical Investigation, Inc.
0021-9738/89/06/1985/07 $2.00
Volume 83, June 1989, 1985-1991



A

32p_-.W
v6 primer

32p _..
v6 primer

3v p-rim
v6 primer

1 2 3 4 5 6 7 8

Af

0

n;

l

Figure 1. Detection of hGH-V and hGH
the primer-dependent amplification read

hGH-V and hGH-V2 mRNAsare diagra
253-base intron 4, which is retained in he
The position and orientation of each of t
v12) used in the PDAreactions are indic
zontal arrows. The v6 primer is labeled a

other two primers are unlabeled. The poE

ation codon (AUG), hGH-V2 terminatio
termination codon (V term), and the pol
reaction using primers v6, v I 1, and v 12
stranded M13 preparations of hGH-V an
(lanes I and 2 respectively), and equal m

(lane 3), reverse transcribed RNAfrom h
fected cell lines (lanes 4 and 5, respective
the amnion, chorion, villous, and decidu
placenta (lanes 6, 7, 8, and 9, respectively
solved on a denaturing 5%acrylamide ge

graphed. The position of the hGH-V and
fragments are indicated along with their;

cDNA synthesis and primer-dependen
alyze mRNAby primer-dependent DNj
was synthesized, purified, and then ampI

DNAsynthesis primed by the antisense
initial cDNAsynthesis and by a more 5':
at its 5'-end with [32P]ATP (see Fig. 1 A)
hCS oligonucleotides were each chosen
sequences compared to other members
addition, each was selected for its positior
pair flanked at least one intron. In this wi

uct could be specifically differentiated b
any contaminating genomic DNA. The so
of the oligonucleotides in a 5' to 3' oriei
v6 (GTCGCCTGTACCAGCTGGCAT
CAGCCTCCACATCA),primer v12 (I
TGG), primer csl (GGTCGGCTCACA
(CATGAC-TCCCAGACCTCCT).The
primers is shown in Fig. 1. The csl and cs
1540-1558 and 742-751, respectively, in

vi2 primer sequence divergence between each of these primers and the corre-
/ etos.@ s sponding region of the other expressed genes in the hGHgene cluster is

%,e&'Nhi<as follows: v6 has a 5-base mismatch with hGH-N and a 7-base mis-
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__ n 8-base mismatch with hGH-N and a 6-base mismatch with hCS, csl
v1 1 primer has a 6-base mismatch with both hGH-Nand hCS, and cs2 has a 4-base

mismatch with both hGH-N and hGH-V. The oligonucleotides were
prepared by the DNA synthesis service of the Cancer Center and
Chemistry Departments of the University of Pennsylvania. For the

_V (336 nt) reverse transcriptase reactions 5 Mg of total cellular RNAin 13 Ml of
v11 primer distilled water was added to an equal volume of 2X reverse transcrip-

tase buffer (100 mMNaCl, 20 mMdithiothreitol, 100 mMTris-HCl,
vi2 primer pH 8.4, 10 mMMgCl2, 180 Mg/ml actinomycin D, and 400 AMof each

of the deoxynucleoside triphosphates) containing 0.15 Mgof the prim-
V2 (397 nt) ing antisense (3') oligonucleotide. The reactants were heated for 3 min

at 920C and then chilled to 4VC prior to the addition 20 U of avian
myeloblastosis virus reverse transcriptase (Life Sciences, Inc., St. Pe-
tersburg, FL). The reactions were mixed and incubated for 45 min at
50'C. At completion of the incubation the cDNAs were purified by
precipitation from 0.2 Msodium acetate with 3 vol of ethanol and
dissolved in a buffer containing 10 mMTris and 1 mMNa2EDTA,
followed by phenol extraction and ethanol precipitation. The resultant

- V2 (397 nt) pellet was desiccated and dissolved in 30 Ml of water. The amplification
-V (336 nt) reactions were carried out in 16 mMammonium sulfate, 67 mM

Tris-HCI, pH 9.0, 6.7 mMMgCI2, 6.7 AMNa2EDTA, 10.7 mMS-
mercaptoethanol, 1.4 mMdimethylsulfoxide, 170 Mg/ml bovine serum
albumin, 33 AMof each deoxynucleoside triphosphate, and 0.15 Mgof

-V2 cDNAs and mRNAsby the antisense (3') oligonucleotide primer and 0.15 Mg of the sense (5')
Lion. (A) The structures of primer which was 32P-labeled at its 5' terminus using polynucleotide
mined.(A)The psition oft kinase and [_-32P]ATP. The reactions were heated at 920C for 4 min,inined. The position of the ly

GH-V2 mRNA, is shown. cooled to 540C for 4 min with the subsequent addition of 2.5 U of
,hethreeprimrsthermostable Taq polymerase (Perkin-Elmer-Cetus, Norwalk, CT).
hethreeprmeThe reactions were then overlayed with mineral oil and incubated for 4

ated by the respective hon-
.t its 5' end with 32P and the min at 720C. These samples were cycled 25 times through the follow-
*ition of the translation initi- ing three temperatures: 90'C for 1 min (denaturation), 540C for 30 s

in codon (V2 term), hGH-V (annealing), 720C for 4 min (synthesis). After completion of the cycles,
Iy A tail are shown. (B) PDA the samples were placed on ice, and 4-Ml aliquots were removed, dena-

tured in 80% formamide, electrophoresed through 5% polyacryl-carried out on single-
id hGH-V2 cDNAclones amide-8 Murea slab gels, and then directly autoradiographed. The

relative intensity of each band was quantified by soft-laser densitome-
xtH-e andthGH- traDn~s -try (model SL-540-XL; Biomed Instruments, Inc., Fullerton, CA) of

the autoradiograph. Exposure times were adjusted to be within thely), and RNAisolated from n o .
linear range of detection.al layers of a normal term In situ cDNA-mRNAhistohybridization. This was carried out using

y). The reactions were re-). Thedireactionsuwerere- a recently published procedure (21). Fragments of human term pla-1 and directly autoradio-
centas, consisting mostly of chorionic villi, were fixed in modified

i ehGH-V2 specific amplified Carnoy's fixative at -20'C, dehydrated through a graded series of
respective sizes. ethanol solutions, embedded in Paraplast, serially sectioned at 8 Am

thickness, and mounted on glass slides. For morphologic examination,
t DNAamplification. To an- the sections were stained with hematoxylin-eosin and visualized by
A amplification (20), cDNA bright field optics. The sections to be used for hybridization were
[ified by successive rounds of treated with proteinase K, followed by RNAdenaturation- with form-

oligonucleotide used in the amide. The cDNA probes, in the form of plasmids (see below), were
sense oligonucleotide labeled labeled with biotinylated dUTP (16-mer; Enzo Biochem, Inc., New
l.The hGH-V, hGH-V2, and York) by nick-translation, and the reaction was monitored using [3H]-

for the uniqueness of their dATP as a tracer. Hybridization was done using 5-10 MAg/mI of biotin-
of the GHgene family. In ylated probe (see below) at 390C for 24 h. After posthybridization

n within the gene so that each washes with buffer containing 30%formamide to remove the unhybri-
ay the amplified cDNAprod- dized probe, sites of hybridization were detected using streptavidin
'y size from amplification of conjugated with alkaline phosphatase (Enzo), and visualized histo-
equence and position of each chemically by incubation with the chromogenic substrates 5-bromo-4-
ntation is as follows: primer chloro-3-indolyl phosphate and nitroblue tetrazolium (Sigma Chemi-
A), primer vl 1 (ATCTTC- cal Co., St. Louis, MO). The sections were examined using the BH-2
rTTCTCTCCCCAGTCCC- microscope (Olympus Corp. of America, New Hyde Park, NY)
LGGATGC), and primer cs2 equipped with Nomarski differential interference contrast optics.
osition of each of the hGH-V The recombinant plasmids used contained either the hPrl cDNA
s2 primers are located at bases (19), the hCS cDNA(Cooke, N. E., and S. A. Liebhaber, unpublished
the hCS gene (1). The level of results), or the subcloned intron 4 region of the hGH-V gene (9).
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Results

Detection of hGH- Vand hGH- V2 mRNAsin placental villi by
primer-dependent amplification. A highly specific assay is
needed to detect the hGH-V mRNAin the placenta because of
its 95% sequence identity to the far more abundant hCS
mRNA.Although specific oligonucleotide probes can be used
to detect hGH-V mRNAon Northern blots (8) or dot blots
(22), we were not able to achieve an acceptable signal-to-noise
ratio using this approach on Northern blots of placental
mRNA. To overcome these problems, a primer-dependent
amplification approach was designed to detect and compare
the relative abundance of hGH-V and hGH-V2 mRNAs.
Three oligonucleotide primers were synthesized (Fig. 1 A).
Antisense primer v12 should hybridize only to intron 4 of the
hGH-V gene and therefore be specific for hGH-V2 mRNA,
whereas antisense primer vi I should bridge exon 4 and 5 se-

quences and therefore be specific for hGH-V mRNAand not
detect hGH-V2 mRNA.To demonstrate the specificity of this
approach, these oligonucleotides were used to amplify single-
stranded M13 templates (9) encoding an hGH-V cDNA, a

hGH-V2 cDNA, and an equal mix of these two cDNAs. When
these M13 DNA templates encoding either hGH-V or

hGH-V2 cDNAs were amplified, only the predicted 336 nu-

cleotide (nt) fragment resulted when the hGH-V template was

used (Fig. 1 B, lane 1), and only the predicted 397-nt fragment
resulted when the hGH-V2 template was used (lane 2). To
demonstrate that both species of cDNA (hGH-V and
hGH-V2) are amplified with equal efficiency we mixed equal
amounts of each of these two templates and amplified them in
the same tube. This resulted in amplification of equal amounts
of 336-nt hGH-V and 397-nt hGH-V2 cDNAs (lane 3). To
further demonstrate the specificity of this assay when begin-
ning with mRNA,we synthesized and amplified cDNAs from
mRNAisolated from C127 cell lines expressing the hGH-N
(CM-GH cell line) or hGH-V (CM-V cell line) genes (8). When
cDNA from CM-V cells was used as template, both hGH-V
and hGH-V2 mRNAspecific fragments were detected in a

ratio of 3:1 (lane 4). This ratio of the two splicing products of
the hGH-V gene agrees with the ratio previously obtained by
Northern analysis of mRNAfrom the same cell line (9). Using
CM-GHcDNA as template no amplified fragments were de-
tected (lane 5). This negative result provides further evidence
that the oligonucleotides were specific for hGH-V and
hGH-V2 mRNAssince the sequence divergence between
hGH-N and hGH-V in the region covered by the primers is
less than or equal to the divergence between hCS and hGH-V.
This primer-dependent amplification analysis therefore ap-
pears to be accurate and specific in detecting the hGH-V and
the hGH-V2 mRNAs.

The primer-dependent amplification assay was applied to
mRNAisolated from the various placental tissues: amnion,
chorion, villi and decidua. In each case equal amounts of
starting mRNAwere used and verified to be intact by gel
analysis of rRNAs (see Fig. 3, bottom). The amplified frag-
ments representing hGH-V and hGH-V2 mRNAswere de-
tected specifically in RNAisolated from the villi (Fig. 1, lane
8). Densitometric analysis of the hGH-V and hGH-V2
mRNA-specific bands revealed that the hGH-V2 signal repre-
sented 10% of total hGH-V gene transcripts in this tissue.

Induction of placental hGH-Vgene expression during ges-

tation. Villous mRNAfrom placentas at 9, 25, and 40 wk of

hGH-V/V2 hCS
1 2 3 4 5 1 2 3 4 5

(hGH-V2)
397 nt-

336 nt- 4 * |
(hGH-V)

_ - 470 nt
(hCS)

Figure 2. Induction of hGH-V and hCS gene expression in the devel-
oping placenta. The levels of hGH-V, hGH-V2 (left) and hCS
mRNAs(right) were analyzed by the PDAreaction. The details of
the hGH-V and hGH-V2 mRNAanalysis were described in Fig. 1.
The analysis of the hCS mRNAwas carried out with a set of primers
specific for this mRNAspecies (see Methods). In both cases the most
5' primer was 5' labeled with 32P and the analytic gel of the reaction
was directly autoradiographed. RNAfrom a cell line stably trans-
fected with the hGH-V and hGH-N genes (lanes I and 2, respec-
tively) demonstrates the specificity of the reactions. Total placental
RNAwas analyzed from placental villi at 9, 25, and 40 wk of gesta-
tion (lanes 3, 4, and 5, respectively). The positions of the hGH-V,
hGH-V2, and hCS mRNAsare each noted along with the size of the
specific amplified fragment.

gestation were analyzed for hGH-V mRNAby cDNAsynthe-
sis followed by PDAas described above (Fig. 1). The results of
these analyses are shown in Fig. 2 (left). Amplifications of
cDNA synthesized from the CM-V and CM-GHcell lines
(lanes 1 and 2, respectively) confirm the specificity of the
assay. The analysis of the timed placental samples is shown in
lanes 3-3. A faint hGH-V signal seen at 9 wk increases moder-
ately at 25 wk and very substantially by 40 wk. The hGH-V2
band which is clearly visible at 25 wk and 40 wk can also be
visualized at 9 wk on prolonged exposures. The level of
hGH-V2 mRNAdetected by this assay as a percent of total
hGH-V gene transcripts (V + V2) is 1.7% at 9 wk, 3.1% at 25
wk, and 10%at 40 wk. In a parallel experiment, the same three
mRNAsamples were reverse transcribed and amplified using
oligonucleotide primers specific for hCSmRNA(Fig. 2, right).
As expected, the hCS-specific oligonucleotides did not detect
hGH-V or hGH-NmRNA(lanes 1 and 2, respectively). Analy-
sis of the timed placental samples (lanes 3-5) demonstrated a
moderate signal at 25 wk and a very dark signal at 40 wk. No
signal was seen at 9 wk. Because of the variables of the proce-
dure, direct comparison of beginning RNAlevels cannot be
inferred by comparing the intensities of the bands between the
hGH-V and hCS experiments.

Localization of hGH- Vgene expression to the syncytiotro-
phoblastic epithelium by in situ histohybridization. To deter-
mine the specific cell type(s) in the placenta expressing
hGH-V, placental samples from a term gestation were fixed in
a manner that preserved the mRNA,were then embedded in
paraffin, and were sliced into 8-,gm sections. hCS and hPrl
cDNA probes to be used as positive and negative controls,
respectively, were first nick-translated and hybridized to
Northern blots containing total RNA from term placentae
previously dissected into amnion, chorion, villi, and decidua.
Fig. 3 demonstrates that the hCSprobe hybridizes only to vili
RNA(10, 23) and the hPrl probe only to decidua (24). These
results are consistent with previous studies (10, 23, 24). RNA
samples isolated from a separate placental dissection con-
tained PrI mRNAin the chorion mRNAas well as the decidua
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Figure 3. Sublocalization of hCS and hPrl mRNAsin the placenta
by Northern analysis. Equal quantities of total RNAisolated from
the amnion, chorion, villus, and decidual layers of the term placenta
(lanes 1, 2, 3, and 4, respectively) were resolved on a 1.2% agarose-
formaldehyde gel, transferred to nitrocellulose paper, and hybridized
with a 32P-labeled hCS or hPrl cDNAprobe (left and right, respec-
tively). An ethidium bromide stain of the 18S rRNA region of the gel
is shown in the panel below the respective lanes of the autoradiograph.

(data not shown). Weattribute this variability in the chorion
mRNAto adherent decidua in some of the chorion membrane
preparations. Such contamination is difficult to detect visually
and completely remove from the chorion membrane and the
mRNAsare analyzed as a combined chorion-decidual sample
by some investigators (24). In no case did we detect any Prl
mRNAin villous mRNA.An hPrl probe was therefore used as
the negative control in the histohybridization studies of pla-
cental villi. Our previous Northern blots (9) as well as Fig. 1
have shown the hGH-V mRNAis anticipated to be expressed
only by cells located in the villi. Since a full-length hGH-V or
hGH-V2 cDNA probe would cross-hybridize to the related
hCS, a subclone of the intron 4 region included in the hGH-V2
mRNAwas utilized to detect hGH-V gene expression. A repre-
sentative placental section stained with hematoxylin and eosin
is shown in Fig. 4 A. No decidual tissue was present. The three
probes were labeled by nick-translation with biotinylated
dUTP and hybridized to the sections. The hybridization sites
were detected with streptavidin-alkaline phosphatase histo-
chemistry and the slides were examined using Nomarski
optics. The hCS probe hybridizes discretely to the syncytiotro-
phoblastic epithelium (Fig. 4 B), while the hPrl probe fails to
demonstrate specific hybridization to the tissue, consistent
with the absence of decidual tissue in the sample (Fig. 4 C).
Interestingly, the intron 4 probe, specific for the hGH-V2
mRNA,hybridizes in a patchy manner to scattered regions of
the syncytiotrophoblastic epithelium (Fig. 4 D). By comparing
the kinetics of hybridization signal development between the
hCS and the intron 4 probes, it was concluded that the patchy
hybridization pattern of the latter genuinely reflected the cel-
lular specificity of hGH-V2 expression. This conclusion is lim-
ited to the resolution of the histohybridization and expression
of low levels of hGH-V2 by the remaining cells in the epithelial
layer cannot be ruled out. Thus hGH-V2 is expressed at detect-
able levels by a small fraction of the cells making up the syn-
cytiotrophoblastic epithelium, whereas hCS is expressed uni-
formly by all cells in this layer. In addition, examination of
serial sections hybridized with the intron 4 probe (Fig. 4, Eand

F) confirmed that the patchy signal was indeed cell-specific
since the same cells stained throughout several serial sections.

Discussion

The existence of the hGH-V gene was first appreciated when
extensive sequence analysis of the GHgene cluster demon-
strated a gene that differed from the authentic GHgene by
only 34 base substitutions and potentially encoded a protein
product that differed from pituitary GHby 15 amino acids (1).
Although no corresponding protein was known to be ex-
pressed, the fact that the sequence of the hGH-V gene ap-
peared to possess all the structural attributes of an expressed
gene, and that it could be expressed both transiently and stably
in a number of transfected cell lines (8, 25) suggested that this
gene may in fact function in vivo. The first suggestion that this
gene was expressed in vivo came from the detection of signals
on dot blots of placental mRNAand a single pituitary tumor
mRNAusing a hGH-V-specific oligonucleotide (22). It was
estimated from that study that hGH-V expression in the pla-
centa was 104-fold lower than that of the hCS-A/hCS-B genes.
This finding was confirmed and expanded upon by the isola-
tion and sequence analysis of two major forms of hGH-V
cDNA from a term placental library (9), one generated by the
normal splicing of all 5 exons analogous to the hGH-Nand the
hCS mRNAs, and a second less prevalent form (hGH-V2) in
which the fourth intron of the gene is retained in the mature
mRNA. Based upon the representation of hGH-V gene tran-
scripts in the term placental library we estimated that the
hGH-V mRNAsconstituted - 0.05% of placental mRNA.
Based upon the number of hGH-V and hGH-V2 clones which
we had isolated and on the representation of the hGH-V and
hGH-V2 mRNAsin a mouse cell line stably transformed with
the hGH-V gene, we had estimated that hGH-V and hGH-V2
mRNAsare expressed at a 3:1 ratio. Although attempts to
localize the hGH-V mRNAby Northern analysis using a spe-
cific oligonucleotide probe were unsuccessful due to back-
ground from the far more prevalent hCSmRNA,we were able
to sublocalize hGH-V2 mRNAto the placental villi by using
an hGH-V intron 4 probe. These studies therefore demon-
strated the in vivo expression of two distinct forms of hGH-V
mRNAand demonstrated that at least one (hGH-V2) was
expressed specifically in the villous tissue (9).

To overcome the difficulties in specifically detecting
hGH-V mRNAexpression in the placenta we have used the
polymerase chain reaction in the present study (20). Using this
approach, we can detect and relatively quantitate the two
hGH-V mRNAsin a single reaction tube. The experiments
shown in Fig. 1 demonstrate the specificity and accuracy of
this approach. By end-labeling one of the oligo primers with
32p before the reaction, the amplified fragments become la-
beled and can be assayed directly by autoradiography thus
eliminating the need for an additional step of hybridization to
a labeled probe. This assay is highly specific in the presence of
both high hCS or high hGH-N mRNAlevels, and is useful
even when the hGH-V mRNAsare present at very low con-
centrations. The amounts of amplified, specific DNA frag-
ments in control experiments correlate quantitatively with the
subnanogram amounts of control single-stranded cDNAs
added to the assay. Background amplification of contaminat-
ing genomic DNAsequences can be specifically detected and
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Figure 4. Cellular localization of mRNAtranscripts of hCS, hPrl, and hGH-V2 in human term placenta by in situ cDNA-mRNAhybridiza-
tion. (A) Histology of placental chorionic villi as shown by hematoxylin-eosin staining: ST, syncytiotrophoblasts; MC, maternal circulation (in-
tervillous channels); FC, fetal circulation. (B) In situ histohybridization with an hCS cDNAprobe. (C) In situ histohybridization with a hPrl
cDNAprobe. (D-F) In situ histohybridization with a probe containing intron 4 of hGH-V gene. Sections E and F are adjacent serial sections
to illustrate the consistency of the hybridization signal localized to specific regions throughout the tissue. The bar in panel A represents either
17,gm (A, D) or 8.5 gm (B, C, E, F).

separated from the measured product by using primers which first and second trimesters of pregnancy. The studies shown in
flank introns (see Methods). Fig. 2 demonstrate a dramatic increase in hGH-V gene ex-

By using primer-dependent amplification of reverse tran- pression during gestation. Parallel analysis of hCS mRNA
scribed cDNA, we can clearly detect hGH-V mRNAas well as using the same primer-dependent amplification approach
hGH-V2 mRNAin the term placental villi. Because of the demonstrates a similar increase in concentration of mRNA.
sensitivity and specificity of this approach, we can also detect This increase in hCS mRNAwith gestational age parallels the
these mRNAsat much lower levels in placental tissue from the well-documented increase in hCS levels in maternal sera dur-
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ing gestation. A similar parallel in protein expression may exist
for the hGH-V mRNA. While there is at present no definite
proof that a hGH-V protein is expressed, Hennen and col-
leagues (14, 26) have detected a placental 22-kD GH-like pro-
tein, unique from hGH-N by immunologic criteria, which is
present in maternal plasma at increasing concentrations
through the second and third trimesters. The physical and
immunologic properties of this protein suggest that it repre-
sents the hGH-V gene product. We suspect that this is the
hGH-V protein and not hGH-V2 on the basis of size and
because we have so far been unable to detect hGH-V2 in the
media of transfected CM-V cells (unpublished data). The in-
crease in levels of this protein during gestation and the finding
that none is detectable in cord blood or amniotic fluid suggests
strongly that hGH-V and perhaps hGH-V2 are human hor-
mones of pregnancy.

In addition to the observation that hGH-V gene expression
increases during gestation, a more subtle finding is that the
ratio of hGH-V and hGH-V2 mRNAsmay change during
gestation. The level of hGH-V2 mRNAas a percentage of total
hGH-V transcripts increases from 1.7% to 3.1% to 10% at 9,
25, and 40 wk of gestation, respectively. While this observation
must be considered preliminary pending a more exhaustive
study, additional data suggest that the relative rates of hGH-V
and V2 mRNAsare subject to control. Although the level of
hGH-V2 expression in term placenta is 10% of the hGH-V
gene transcripts (present results), we have noted that when the
hGH-V gene is expressed in stably transfected mouse fibro-
blasts the level of hGH-V2 mRNAincreases to 30%of total (9,
unpublished data). The significance of hGH-V2 expression is
difficult to assess at the present time since the expression of an
hGH-V2-encoded protein has not yet been demonstrated and
the function of such a protein is totally undefined.

Wehave localized the expression of the hGH-V gene to the
syncytiotrophoblastic epithelium by in situ cDNA histohy-
bridization to sections of fixed and paraffin-embedded term
chorionic villi. It was generally found that detection of this
transcript required a maximal time period for color develop-
ment of the alkaline phosphatase histochemical reaction. This
was not surprising since the intron 4 probe is detecting
hGH-V2 mRNAwhich is present in '/Io the concentration of
hGH-V, which is itself expressed at levels significantly lower
than the related hCS mRNA. The patchy pattern of staining
along the syncytiotrophoblastic epithelium suggested either
that only selected regions express hGH-V2 or that only se-
lected regions are expressing hGH-V2 abundantly enough for
detection with this technique. This contrasts with the pattern
seen with the hCS probe, for which only a short color develop-
ment time was necessary to yield a uniform staining of the
syncytiotrophoblasts.

The similarity in histologic localization and the parallel
induction of mRNAsencoded by the hGH-V and the hCS
genes suggests that these genes are controlled by common
mechanisms. The close proximity of the hGH-V gene to the
hCS genes in the growth hormone gene cluster may be directly
relevant to their coexpression in placenta and parallel increase
in transcriptional activity during gestation. These genes may
share specific cis-acting regulatory elements or derive similar
elements from local duplications within the cluster (5). The
major difference between them is that the level of hCSmRNA
is several orders of magnitude greater than hGH-V mRNA. In
contrast to hGH-V and hCS, the expression of the linked

hGH-N gene is limited to the pituitary. Comparing the ex-
pression of the genes in this tightly linked cluster which share
similar tissue specific expression but differ significantly in
levels of expression (hGH-V vs. hCS) with those demonstrat-
ing a distinct tissue distribution and a distinct physiologic
control (hGH-N) may be useful in the delineation of the rele-
vant regulatory elements in the respective genes.
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