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Abstract. The mouse growth hormone receptor (mGHR) and the mouse growth hor- 
mone-binding protein (mGHBP) are products of a single gene which are generated by 
alternative splicing. The factors that regulate the expression of mGHR and mGHBP 
mRNA and protein during pregnancy in the mouse are incompletely understood. Dur- 
ing pregnancy in the mouse, there are parallel increases in circulating mouse growth 
hormone (mGH), liver mGHR, and serum mGHBP. The increase in both hepatic mGHR 
and serum mGHBP begins on Day 9 of gestation and by late gestation the hepatic 
mGHR content has increased 8-fold and serum mGHBP has increased 30-fold com- 
pared with values in nonpregnant controls. A parallel increase occurs in the steady 
state levels of liver GHR and GHBP encoding mRNAs. The increase in both messages 
begins on Day 9 of gestation; however, the GHR mRNA reaches maximum levels by 
Day 13, while the GHBP mRNA continues to increase until the end of pregnancy. The 
magnitude of the increase in the GHR-encoding message is 15- to 20-fold between 
nonpregnant and late pregnant mice, and the magnitude of the increase in the GHBP- 
encoding message is 30- to 50-fold. Both pituitary mGH and the number of concep- 
tuses influence the receptors and binding protein for mGH during pregnancy. 

[P.S.E.B.M. 1994, Vol 2061 

W 'ithin the last decade, a considerable expan- 
sion of knowledge relative to the biology of 
growth hormone (GH) has occurred. This 

includes the cloning of cDNAs for GH receptors 
(GHRs) from a variety of species (see 1 for a review), 
determination of the three-dimensional structure of the 
complex of human GH (hGH) and the hormone- 
binding domain of the hGHR (2), and the fact that 
unlike the human, the GHR and GH-binding protein 
(GHBP) in rats and mice are generated by alternative 
splicing mechanisms (I) .  In this minireview, discus- 
sion will be restricted to our knowledge of the struc- 
ture and regulation of expression of the mouse GHR 
(mGHR) and the mouse GHBP (mGHBP). 

Mouse GH (mGH) is a single chain polypeptide 
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hormone which contains 190 amino acids with two di- 
sulfide loops (3). mGH is a member of a group of 
evolutionarily related protein hormones that includes 
pituitary prolactin and placental lactogen I and I1 (4). 
In order to elicit its biological response, mGH inter- 
acts with the mGHBP and the mGHR. The presence of 
mGHBP was first suggested by Peeters and Friesen 
(5) .  Subsequently, mGHR was purified from mouse 
liver (6), and antibodies raised against the mGHR were 
shown to recognize the serum mGHBP (7). Hepatic 
GH receptors in mice (8) and rats (9) were first dem- 
onstrated utilizing heterologous ligands. The homolo- 
gous specificity of mGH with its receptor was demon- 
strated by the use of covalent cross-linking studies uti- 
lizing radiolabeled mGH to a microsomal membrane 
prepared from late pregnant mouse hepatic tissue (10). 
These studies demonstrated that the GHR was present 
in 17-day pregnant mouse liver microsomal mem- 
branes in three glycosylated forms, displaying cross- 
linked molecular weight values of 125,000, 62,000, and 
56,000, and corresponding to receptor sizes of approx- 
imately molecular weight 103,000, 40,000, and 34,000, 
respectively. 
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In late-pregnant mouse liver, multiple RNA spe- 
cies were observed by Northern analysis of total RNA 
(11). One RNA species corresponded to 3.9 kb and the 
other corresponded to 1.2 kb. In vitro translation of 
size-fractionated RNA followed by immunoprecipita- 
tion using an anti-mGHR antiserum yielded two pro- 
teins of molecular weight 95,900 and 3 1,800. The larger 
protein was detected when in vitro translation prod- 
ucts of RNA in the size range of 3.9 kb were immu- 
noprecipitated. The smaller protein was detected 
when in vitro translation products in the size range of 
1.2 kb were immunoprecipitated. cDNA clones were 
isolated from a late-pregnant mouse liver cDNA li- 
brary using a probe derived from the rabbit GHR (12). 
Two clones were identified that were identical in the 5’ 
region but diverged in the 3’ regions. The larger of the 
two clones encoded a protein of predicted molecular 
weight 72,782 with a single transmembrane region. 
The N-terminal extracellular domain contained five 
potential N-linked glycosylation sites and eight cys- 
teines. The predicted protein encoded by the larger 
clone was found to have an overall identity of 70%, 
76%, 71%, and 85% with the human, rabbit, sheep, 
and rat GHR, respectively (I). The smaller clone was 
found to be identical to the larger clone in nucleic acid 
sequence in the 5’ region but diverged in the 3’ region. 
The divergence of the smaller clone occurred just prior 
to the region encoding the predicted transmembrane 
domain of the larger clone and encoded a “hydrophilic 
tail” of 26 amino acids. The predicted protein would 
have a molecular weight of 34,104 and would contain 
the GH-binding domain but no transmembrane do- 
main. It was predicted that this smaller clone was re- 
sponsible for the generation of the mGHBP. Northern 
blot analysis of liver RNA from pregnant mice with 
either a probe common to both classes of cDNA 
clones, a probe specific to the large class, or a probe 
specific to the small class of cDNA clones demon- 
strated that the large class of clones is encoded by the 
3.9-kb message and the small class is encoded by the 
1.2-kb message (12). Utilizing COS-7 cells, both the 
large and small cDNA clones were transiently ex- 
pressed under the control of the SV-40 promoter 
(Cramer and Talamantes, unpublished). Expression of 
the small clone resulted in specific binding of 
[12’I]bGH in the medium while expression of the large 
clone resulted in specific binding in the membrane 
fraction. These results demonstrated that the mGHBP 
was generated by an mRNA species separate from the 
mRNA encoding the mGHR. 

The rat GHR cDNA was cloned by two different 
laboratories (13, 14). Both groups reported cDNA with 
a sequence encoding a protein similar to the mouse, 
rabbit, and human GHRs. One group (13) reported 
finding an additional cDNA that predicted the coding 
of a protein similar to the protein encoded by the 

smaller cDNA found in mice. Further studies by this 
group suggested the same presence of an alternatively 
spliced message encoding the GHBP in the rat as was 
suggested for the mouse (1 1). 

Like the human, the mGHR gene was determined 
to be a single-copy gene (15). Southern blot analysis of 
somatic hybrids between mouse cells and Chinese 
hamster or rat cells demonstrated that the mGHR gene 
was located on Chromosome 15. The human GHR 
gene was cloned and demonstrated to consist of nine 
exons spanning 87 kb of genomic DNA (16). Align- 
ment of the mouse and rat cDNA clones encoding the 
secreted GHBP with the hGHR gene reveals that the 
point of divergence, in mice and rats, of the GHBP 
cDNA with the GHR cDNA corresponds to the splice 
junction of Exon 7 and 8 in the hGHR gene. In the 
mouse it has been demonstrated that the exon encod- 
ing for the hydrophilic tail does indeed exist between 
Exon 7 and 8 (Edens and Talamantes, unpublished). 
Structural analysis of the GHR receptor has revealed 
that this receptor is a member of the hematopoietin 
receptor superfamily (17). 

The factors that regulate the expression of mGHR 
and mGHBP mRNA and protein during pregnancy in 
the mouse are not completely understood. During 
pregnancy in the mouse, there are parallel increases in 
circulating mGH (18), liver GHR (6), and serum 
mGHBP (7). The increase in both hepatic mGHR and 
serum mGHBP begins on Day 9 of gestation; by late 
gestation the hepatic mGHR content has increased 
8-fold, and serum GHBP has increased 30-fold com- 
pared with values in nonpregnant controls (18). A par- 
allel increase occurs in the steady state levels of liver 
GHR and GHBP encoding mRNAs (18). The increase 
in both messages begins on Day 9 of pregnancy; how- 
ever, the GHR mRNA reaches maximum levels by 
Day 13, while the GHBP mRNA continues to increase 
until the end of pregnancy. The magnitude of the in- 
crease in GHR-encoding message is 15- to 20-fold be- 
tween nonpregnant and late-pregnant mice, and the 
magnitude of the increase in the GHBP-encoding mes- 
sage is 30- to 50-fold. In addition, there is a 10- to 
16-fold increase in GH-binding capacity in liver mi- 
crosomes and a 30- to 50-fold increase in serum 
mGHBP between nonpregnant and late pregnant mice 
(19). The increase in hepatic GH-binding capacity be- 
gan on Day 9 of pregnancy and reached a plateau on 
Day 11, which was maintained until the end of preg- 
nancy. In contrast, the increase in serum mGHBP 
which is observed to begin occurring on Day 9 of preg- 
nancy continues to increase until Day 17 of pregnancy. 
No significant changes in mGHR and mGHBP affinity 
were noted between nonpregnant and pregnant mice. 
The mGHR was observed to have a 20-fold greater 
affinity for mGH than did the mGHBP. The amount of 
free circulating mGH in the serum appears to be very 
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tightly regulated below 0.5 nM, despite increases in 
total GH concentration in late pregnancy of greater 
than 4.0 nM. At the same time, the amount of GHBP 
with bound mGH is less than 10% of the total GHBP 
that is available. These data demonstrate that there is 
a large excess of free GHBP relative to the amount of 
total GH in the late pregnant mouse and is suggestive 
of the idea that GHBP acts as a reservoir for GH in- 
creases. 

The nature of the regulatory factors that modulate 
the increases in mRNA and protein for the mGHR and 
mGHBP during pregnancy in the mouse are only be- 
ginning to be elucidated. mGH has been shown to reg- 
ulate the expression of the mGHR and mGHBP (20). 
Pregnant mice hypophysectomized on Day 11 of preg- 
nancy and then administered GH by osmotic mini- 
pumps have demonstrated that GH regulates the 
mGHR and mGHBP at the protein and mRNA level. 
In addition, further studies have shown that the num- 
ber of conceptuses influences the receptors and bind- 
ing protein for GH at the protein and message level 
(21). Recently, the mouse placenta has been shown to 
express the message for the mGHR and mGHBP (22). 
This study demonstrates similar increases in steady 
state mRNA for the mGHR and mGHBP during preg- 
nancy. In addition, in vitro studies of mouse placental 
cells in culture demonstrate that while the mGHBP 
mRNA is expressed, the actual protein is not secreted 
by the cells as is the case for the liver. 

In summary, in the mouse the GHR and GHBP are 
generated by alternative splicing from one gene. Preg- 
nancy results in a dramatic increase at the protein and 
at the message level for GHR and GHBP. The expres- 
sion of the mGHR and mGHBP during pregnancy is 
regulated by factors such as GH and the number of 
fetal-placental units. 
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