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Dwart mice produced by genetic ablation
ot growth hormone-expressing cells
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Fusion of the 310 bp located 5’ of the rat growth hormone (GH) gene to the human GH structural gene resulted
in somatotrope-specific expression in transgenic mice. Human GH transcripts were detected only in pituitaries
of these mice, and immunocytochemical analyses revealed that this expression was limited to GH-expressing
cell types. The rat GH 5’ sequences were then used to direct the expression of diphtheria toxin to the GH-
expressing cells of transgenic mice. A line of mice was established which lacks detectable levels of circulating

GH. This deficiency resulted in dwarfism; transgenic animals grew only to half the size of nontransgenic
littermates. Nearly all somatotropes were absent, as shown by GH immunostaining in the transgenic
pituitaries. Prolactin (PRL)-producing lactotropes, thought to share a common cellular origin with
somatotropes, were also reduced in numbers. A model for the lineal relationships between GH- and PRL-

synthesizing cells is proposed.
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The diverse cell lineages of multicellular organisms are
generated from a hierarchy of stem cells. Determining
the relationships between cell lineages and stem cells
creates a framework for the detailed studies of complex
developmental systems {Nishida and Satoh 1983, 1985;
Sulston et al. 1983; Cameron et al. 1987, Dale and Slack
1987; Lawson and Pederson 1987; Technau 1987). Sev-
eral approaches have been used to study cell lineage re-
lationships during development; however, in very com-
plex organisms not all lineages are amenable to manipu-
lation (Technau 1987). Recently we developed a
transgenic methodology that permits deletion of a spe-
cific cell type during the development of an organism by
expression of a toxic gene product under the control of
an enhancer/promoter from a gene expressed in only one
cell type. In our first example we chose the enhancer/
promoter from the rat elastase I gene which is only ex-
pressed in differentiated pancreatic acinar cells; expres-
sion of an elastase—diphtheria toxin fusion gene in that
cell type resulted in transgenic mice lacking an exocrine
pancreas (Palmiter et al. 1987). If one chose an en-
hancer/promoter from a gene that is expressed in a stem
cell of two or more differentiated cell types, then one
would predict that all the descendants of that stem cell
should be eliminated. In this paper we assessed the feasi-
bility of this prediction.

The diphtheria toxin A chain (DT-A) gene that was
used for these experiments was engineered so that the
protein product would be retained within the cytoplasm
where it could enzymatically ADP-ribosylate elongation
factor 2, and thereby inhibit protein synthesis (Maxwell

et al. 1986; Palmiter et al. 1987). The DT-A chain cannot
gain access to the cytoplasm of intact cells in the ab-
sence of the B-chain; thus, any DT-A that might be liber-
ated from dying cells should not affect neighboring cells.

The anterior pituitary gland (or adenchypophysis) de-
velops from an ectodermal bud that protrudes from the
roof of the oral cavity and becomes juxtaposed to a neur-
oectodermal extension from the base of the brain, the
posterior pituitary {or neurchypophysis). A variety of en-
docrine cells develop within the anterior pituitary that
specialize in the synthesis and secretion of polypeptide
hormones such as growth hormone (GH), prolactin
(PRL), gonadotropins (FSH and LH), corticotropin
(ACTH), and thyrotropin (TSH). The precise lineal rela-
tionships among all of these endocrine cells is not estab-
lished. However, several observations suggest that GH-
synthesizing (somatotropes) and PRL-synthesizing cells
(lactotropes) may be derived from a common precursor
that synthesizes both gene products {Hoeffler et al.
1985). Although somatotrope and lactotrope cells can be
distinguished morphologically, hemolytic plaque assays
and immunocytochemical analysis reveal that cells pos-
itive for both gene products can be detected in the pitu-
itary of immature and adult rodents (Frawley et al. 1985;
Hoeffler et al. 1985). Furthermore, cell lines that con-
tinue to express both of these hormones have been es-
tablished from pituitary tumors (Bancroft 1981). Because
the GH and PRL genes have been isolated and their regu-
latory elements defined in considerable detail by gene
transfer, DNA-protein binding, and cell-free transcrip-
tion experiments (Nelson et al. 1986; Bodner and Karin
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1987; Lefevre et al. 1987; West et al. 1987), this system
seemed well-suited for cell ablation analysis. It is partic-
ularly favorable because these cell types are not essen-
tial for survival of the embryo; thus, we anticipated that
if cell-specific expression could be achieved, then mice
would develop and survive to adults. We predicted that
if both GH and PRL are synthesized in the stem cell,
then expression of a diphtheria toxin gene under the
control of a GH enhancer/promoter should eliminate
not only somatotrope cells from the anterior pituitary
but lactotrope cells as well.

Results
Somatotrope-specific expression

To determine whether the rat growth hormone (rGH) se-
quences identified by cell transfection, DNase foot-
printing, and in vitro transcription were sufficient for
proper GH cell-specific expression in vivo, we con-
structed a fusion gene containing 310 bp of rGH 5'-
flanking sequences fused to the human growth hormone
{(hGH) structural gene (Fig. 1). In a control experiment,
the hGH gene together with additional hGH 5’- flanking
DNA (upstream to —83 bp, which includes the pro-
moter but deletes the enhancer) was used to produce
eight transgenic mice. Human GH mRNA was not de-
tectable in pituitary, liver, kidney, brain, or gonads in
any of the eight animals. Thus, the hGH sequences in
the rGH-hGH construct can be used as a reporter for
DNA, mRNA, and protein analyses because they alone
do not activate transcription in transgenic mice.

The rtGH-hGH gene was microinjected into fertilized
mouse eggs resulting in 14 founding transgenic animals
that grew normally. Expression of hGH was monitored
in various tissues (liver, pancreas, brain, spleen, heart,
kidney, and pituitary) from eight of these founders by a
solution hybridization assay for mnRNA and/or immuno-
staining for hGH protein, and in each animal expression
was detected only in the pituitary (Table 1). The steady-
state levels of pituitary hGH transcripts observed in four
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of these animals ranged from 3400 to 9300 molecules/
cell. Immunocytochemical analysis of the pituitaries
from the other four founders showed that hGH-specific
staining was limited to cells that expressed mouse GH
{Fig. 2). A population of hGH-staining cells also stained
positively for PRL, suggesting that these are cells termed
mammo-somatotropes because they produce both GH
and PRL (Frawley et al. 1985). To determine if mice nor-
mally possess mammo-somatotropes, control pituitary
sections were stained simultaneously for endogenous
mGH and mPRL. Mammo-somatotropes were readily
observed (not shown). Five hundred pituitary cells were
scored for GH, PRL, and GH plus PRL. Approximately
equal proportions of each of the three cell types were
observed, similar to those values determined for adult
male rat pituitary cells (Frawley et al. 1985). Thus, the
sequence information encoded within the 310-bp frag-
ment from the 5’ region of the rGH gene was sufficient
to direct expression to GH-expressing cells in transgenic
mice.

This same rGH-hGH construct was also coinjected
into fertilized mouse eggs with a chimeric gene in which
the mouse metallothionein-I {MT) promoter/regulatory
region was fused to a human growth hormone-releasing
factor (hGRF) minigene (Hammer et al. 1985). Trans-
genic mice harboring MT-hGRF transgenes exhibit pi-
tuitary hyperplasia and enhanced growth rates due to
the stimulation of endogenous GH expression and re-
lease from the pituitary (Hammer et al. 1985). We hy-
pothesized that the coinjection and expression of the
MT-hGRF transgene would stimulate the expression of
the rtGH-hGH transgene. Three founding transgenic
mice were produced that carried both gene constructs.
Two of these mice expressed hGH transcripts in the pi-
tuitary and the pituitaries were enlarged (Table 1).

Generation of dwarf mice

To direct expression of diphtheria toxin to somato-
tropes, we inserted DT-A into the first exon of rGH-
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Figure 1. Diagram of tGH-hGH gene and DT-A cassette. For the tGH-DT-A construct, the DT-A cassette was inserted into the first
exon of the hGH gene such that the first open reading frame in the mRNA would be that of DT-A. {Cross hatch) rGH sequence; {solid)
hGH exons; (open) hGH introns.
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Table 1. hGH expression in rtGH-hGH and rGH-hGH + MThGRF transgenic mice

Mouse # Body Pituitary hGH expression®
Construct and sex weight (g)* sizeb (molecules/cell)
tGH-hGH 422-3M 23.4 + 3,420
423-1F 22.0 + 7,870
423-7F 20.8 + 9,270
424-8F 17.4 + 5,750
rGH-hGH + MT-hGRE 1781-1F 19.1 + 0
1781-4M 32.7 ++ + 9,500
1781-6F 18.9 + + 34,500

2 Weights at 6-7 weeks of age. Normal weight range for this age: male 22.8 + 2.2; female 19.5 + 1.5.

b Relative size compared with normal (+) controls.

¢ hGH mRNA values were determined by solution hybridization with 32P-labeled oligonucleotides specific for hGH mRNA using
single-stranded M13 carrying the coding strand of hGH as a standard. The average DNA content of a normal pituitary was 5 ug; RNA

content was 20 pg.

hGH in a manner similar to that used successfully with
an elastase—hGH gene construct (Palmiter et al. 1987)
(Fig. 1). The rtGH-DT-A and MT-hGRF genes were
coinjected into the pronuclei of fertilized mouse eggs.
Twenty of the 66 pups generated carried one or both
gene constructs. Six carried rtGH-DT-A alone, one MT—-
hGREF alone, and thirteen harbored both transgenes. At
approximately 10 days after birth, 2 of the 66 animals
generated were obviously smaller than their littermates.
These two were transgenic and harbored both trans-
genes. By 7 weeks of age the two smaller pups were one-
third to one-half the size of their normal-sized litter-

mates (Fig. 3). One of these two animals died, the other,
male 1982-2, was bred to a superovulated weanling fe-
male and the resulting fertilized eggs transferred to a
pseudopregnant foster mother. By this method a line of
mice was established in which rGH-DT-A (and MT-
hGRF) cosegregated with the dwarf phenotype. None of
the other founding animals in this experiment exhibited
an impairment in growth. In a second experiment, two
additional transgenic mice carrying both gene constructs
were generated. One animal, female 159-7, had impaired
growth, the other grew to normal size. A line of mice
could not be established from this dwarf female.

Figure 2. Dual Indirect immunofluorescence of pituitaries from female rtGH-hGH transgenic mouse

426-3. (A} Anti-hGH,; (B)

anti-hGH; (C) anti-rGH; (D) anti-PRL. A and C are the same section; B and D are the same section. (a) Anterior; (i) intermediate; (p)

posterior pituitary.
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Figure 3. rGH-DT-A transgenic mice.
Founder 1982-2 (left) and nonexpressing
transgenic littermate (right), at 2 months of
age.

The 1982-2 males have not successfully bred with
normal adult females and transgenic females have not
produced progeny when housed with transgenic or
normal males. Therefore, we have maintained this line
in the manner described above or by in vitro fertiliza-
tion. Subfertility has also been observed in another
dwarf mouse mutant, little (Chubb 1987). In addition to
this reproductive difficulty, adult animals from the
1982-2 line exhibit a progressive lack of coordination
and contracture of the front paws. We do not know if
these problems are a consequence of tGH-DT-A expres-
sion in other cell types, a secondary consequence of GH
deficiency, or the result of 2 dominant insertional muta-
tion.

We compared the growth of mice from the 1982-2 line
with controls (Fig. 4). The pattern of growth observed is
consistent with data on the role of GH during early post-
natal growth. Both GH-deficient mice and hypophysec-
tomized rats grow at approximately normal rates for 2
weeks after birth (Walker et al. 1950; Eicher and Beamer
1976). In addition, transgenic mice harboring foreign GH
genes expressing high levels of GH do not show acceler-
ated growth rates until 3 weeks after birth (Palmiter et
al. 1982, 1983; Hammer et al. 1984).

Serum GH from mice of of the 1982-2 line was mea-
sured by radioimmunoassay. Immunoreactive GH was
undetectable (<0.78 ng/ml) in transgenic animals (Table
2). In addition, GH was also undetectable by SDS-PAGE
analysis of pituitary proteins {data not shown), sup-
porting the interpretation that GH-synthesizing cells
were absent. Since many of the physiological actions of
GH are believed to be mediated through insulin-like
growth factor I (IGF-I} (Van Wyk 1984), plasma IGF-1
levels were also assayed. IGF-I levels were detectable in
the 1982-2 line but were reduced approximately eight-
fold in comparison to controls (Table 2}, consistent with
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data on the GH dependence of IGF-I expression in other
GH-deficient mice and hypophysectomized rats (D’Er-
cole et al. 1984, Mathews et al. 1986; Roberts et al.
1986). The MT-hGRF construct had been coinjected
along with the rtGH-DT-A gene to stimulate the expres-
sion of the toxin gene. Various tissues from mice from
line 1982-2 were analyzed for hGRF mRNA by solution
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Figure 4. Weight gain of rGH-DT-A transgenic mice from the
1982-2 line. Transgenic pup weights are significantly different
from control littermate weights as early as 5 days of age. The
dwarf mice cease growth at approximately 6 weeks of age,
maintaining a weight of from 10 to 15 grams. Standard error
bars are as indicated. Those markers lacking error bars have a
standard error value equal to or less than the size of the marker.
(M) Transgenic (n = 3); () control (n = 13).
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Table 2. Circulating hormone levels in rtGH-DT-A
transgenic mice

GH (ng/ml) IGF-I (ng/ml)P
Transgenic 0{0/4) 422 = 9.6 (n = 3)
Control 36 + 14 (4/7) 352.6 = 10.3 (n = 3|

Animals were analyzed at 9-10 weeks of age.

2 GH level of detection was 0.78 ng/ml. The fraction of mice
with detectable levels of GH is shown in parentheses. It is not
surprising that some wild-type mice would have undetectable
GH, since circulating GH values undergo temporal fluctuations
(Eden 1979).

b Mean values =+ standard deviation. Nanogram equivalents of
human IGF-I per milliliter of plasma.

hybridization. While hGRF transcripts were present
(data not shown), plasma hGRF levels were indistin-
guishable from control values (<3.7ng/ml). Thus, the
usefulness of the coinjected MT—hGRF construct in this
approach is unknown.

Immunocytochemical analysis

The pituitaries from mice of the 1982-2 line were ap-
proximately one-fourth the size of normal controls. His-
tological examination showed that the intermediate and
posterior lobes were apparently unaffected by transgene

Somatotrope ablation in transgenic mice

expression. Furthermore, the organization of cells in the
anterior lobe into chords and clusters was maintained.
In normal pituitaries, somatotropes and lactotropes are
recognized as granule-filled acidophilic cells. In trans-
genic pituitaries there was a marked decrease in the
numbers of these cell types {Fig. 5B).

To identify potential GH-expressing cells in the pitui-
taries of rGH—-DT-A transgenic mice, GH was localized
by immunocytochemistry. GH-synthesizing cells were
virtually nonexistent in pituitaries from 1982-2 rGH-
DT-A mice; however, rare intensely staining GH posi-
tive cells were observed either singly or in clusters of
two to eight cells (Figs. 5A and 6A,C). GH immuno-
staining of serial sections of pituitaries from 5 rGH—
DT-A mice revealed that there were on average approxi-
mately 10 GH-staining cells present per pituitary (Fig.
6E). Since, there are about 20-25 X 10* growth hor-
mone cells in the adult mouse pituitary gland (Sasaki
and Sano 1982}, about 0.01% of the GH-cells may escape
DT-A-mediated destruction.

These same pituitaries were screened simultaneously
for the presence of lactotropes by PRL immunostaining.
PRL-synthesizing cells were also reduced in numbers, al-
though the extent of that reduction was not as great as
for GH cells (Figs. 5F and 6B,D,F]. Curiously, female
159-7, demonstrated normal PRL staining, while a pat-
tern of GH staining similar to that of the 1982-2 line was
observed (data not shown).

Figure 5. Expression of GH and PRL in pi-
tuitaries from rGH-DT-A transgenic mice.
(A,C,E) control; (B,D,F) transgenic. (A,B) He-
matoxylin and eosin-stained sections. Immu-
nocytochemical localization: anti-rGH (C,D);
anti-mPRL (E,F). C and E are the same sec-
tion; D and F are the same section. (a) Ante-
rior; (i) intermediate; {p) posterior pituitary.
Magnification, 400 x.
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Figure 6. Quantitation of GH and PRL pitu-
itary cells in rtGH-DT-A transgenic mice.
{A,C) Representative pituitary sections
stained with anti-rGH; (B,D) representative
pituitary sections stained with anti-PRL. (a)
Anterior; (i) intermediate; (p} posterior pitu-
itary. (E} Quantitation of GH+ cells; (F)
quantitation of PRL+ cells in tissue sections 24
compiled from a group of five rtGH-DT-A pi-
tuitaries showing that lactotropes are in 012
greater abundance than somatotropes.

Number of sections

Discussion

We have shown that the 310-bp sequence flanking the
rGH gene is sufficient to direct expression of the hGH
structural gene to the pituitary. Human GH mRNA was
found only in the pituitary, and immunocytochemistry
revealed that it was expressed only in cells that synthe-
size mouse growth hormone (somatotropes and mam-
mosomatotropes). All of the transgenic mice expressing
the tGH-hGH fusion gene exhibited normal growth.
Because GH genes are normally under complex negative
feedback control, it may not be possible to exceed the
normal endogenous level of GH mRNA by introducing
exogenous GH genes driven by GH enhancer/promoters.
These results suggest that these genes are not only ex-
pressed but are regulated properly and they also confirm
the conclusions derived by transfection of rGH or hGH
genes into various tissue culture cell lines {Nelson et al.
1986; Lefevre et al. 1987). Lefevre et al. {1987) and
Bodner and Karin (1987) have identified two related cis-
acting elements that bind a pituitary-specific transcrip-
tion factor. Furthermore this factor activates transcrip-
tion of the hGH gene when it is added to a heterologous
nuclear extract. These cis-acting elements are centered
at about —80 and — 120 in the hGH promoter region;
similar sequences are found in comparable locations in
the rGH promoter (Barta et al. 1981; West et al. 1987).
Although there are binding sites for other proteins in the
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promoter region as well, the available data suggest that
the protein that binds to these two elements may be the
critical determinant for cell-specific expression of the
GH gene. We have also produced four transgenic mice
carrying the bovine GH 5'-flanking region fused to SV40
T antigen; all of these mice developed pituitary tumors,
providing additional support for the conclusion that all
of the sequences required for pituitary expression lie 5'
of the transcription start site (unpubl.).

Further support for the cell specificity of the rGH en-
hancer/promoter region comes from the experiments in
which this sequence was fused to DT-A. If this gene
were expressed in any essential cell type during develop-
ment, we would have anticipated embryonic or neonatal
lethality. Previously, we showed that expression of
DT-A in pancreatic acinar cells leads to neonatal death
{Palmiter et al. 1987). However, there was no evidence of
morbidity with the trGH-DT-A construct and the
number of transgenic mice born was in the normal
range. Only 3 of 21 (14%) transgenic mice carrying the
rGH-DT-A gene had impaired growth indicative of ap-
propriate expression. In contrast, pituitary expression
was detected in all of the mice {8/8) harboring the rGH—
hGH gene. We noted a similar inhibition of expression
when the 795-bp DT-A cassette was inserted into the
elastase—hGH gene, suggesting that sequences within
the DT-A cassette interfere with the transcriptional ac-
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tivation of the transgene in most chromosomal locations
{(Palmiter et al. 1987). Perhaps by enlarging exon 1 of the
hGH gene we have inappropriately displaced sequences
lying 3’ that normally contribute to transcriptional acti-
vation. We have suggested previously, that the introns of
the rGH gene are important for efficient transcription
(Brinster et al. 1988).

We have been able to establish a line of mice that ap-
pear to be normal in most respects except for their di-
minuitive size, reproductive difficulties, and neurolog-
ical symptoms. Ablation of the GH-expressing cell types
during development resulted in the birth of normal
pups, suggesting that GH is not required during embryo-
genesis. The 1982-2 line of dwarf mice provides another
GH-deficient animal model. Dwarf strains of mice have
been described previously {Snell 1929; Schaible and
Gowen 1961; Eicher and Beamer 1976). The Snell, Ames
and Little dwarf mice are deficient for both GH and PRL
(Beamer and Eicher 1976; Slabaugh et al. 1981). In one
dwarf strain, little, a recessive mutation affects the GRF
receptor such that somatotrope cells do not produce suf-
ficient GH {Jansson et al. 1986). In the other lines the
primary defects are unknown. Here we have genetically
depleted the cells that produce GH and PRL and there-
fore understand the lesion that results in the observed
dwarfism. Although not every somatotrope was ablated,
it is clear that GH levels were lower than physiological
levels required for the stimulation of normal growth. By
crossing the 1982-2 dwarf mice with transgenic mouse
lines carrying other genes involved in somatic growth,
we hope to determine the actions of these genes on
growth in the absence of endogenous GH.

The general architecture of the pituitary in the 1982-2
line of mice appears normal, although the entire organ is
smaller. Because GH synthesis commences after the
morphogenesis of the pituitary is nearly complete, death
of the somatotropes may not significantly influence the
development of this organ. In contrast, depletion of pan-
creatic acinar cells from transgenic mice with elastase—
DT-A results in a severe underrepresentation of duct and
islet cells as well {Palmiter et al. 1988). In that model the
elastase gene is first expressed at about fetal day 14, at a
time when the pancreatic rudiment is still very small;
presumably the death of the acinar cells affects the de-
velopment of the other pancreatic cell types. Although
we have not assayed the function of all the endocrine
cell types in the pituitary, other endocrine cells are
present in the adenohypophysis, and the phenotype of
the mice does not suggest a deficiency in ACTH or TSH.

One of the goals of these experiments was to gain in-
sights into the lineal relationships between somato-
tropes and lactotropes. In mice, GH expression precedes
PRL synthesis by about 2 weeks {Slabaugh et al. 1982).
This temporal relationship and the finding that in rats
most of the initial PRL secreting cells also express GH
suggested that PRL-synthesizing cells are derived from a
GH-expressing progenitor (Hoeffler et al. 1985). If all
PRL cells are derived from GH-expressing cells, then we
would have expected to observe a depletion of both PRL
and GH cells from transgenic mice expressing rGH-

Somatotrope ablation in transgenic mice

DT-A. In the 1982-2 line we observe an average of about
10 GH-positive cells, per pituitary compared to a normal
number of about 200,000. However, there are several
hundred PRL-positive cells, indicating that many of
them were derived from cells that never synthesized
GH. Furthermore, the development of these PRL cells
did not depend upon the presence of GH cells or their
diffusible products. The presence of a few GH-positive
cells probably reflects a rare loss or inability to activate
the toxin gene. These GH-positive cells are occasionally
present in small clusters, suggesting that they may be
the progeny of a single cell that escaped activation of the
transgene. This rare event may be due to gene deletion,
mutation, or some epigenetic event such as DNA meth-
ylation.

Because there are always more PRL-positive cells than
GH-cells in the 1982-2 line and the single dwarf founder
female 159-7, there may be more than one lineage
pathway for their development. One possibility is that a
stem cell synthesizing neither GH nor PRL usually gives
rise to cells that initially synthesize GH and then GH
and PRL (Hoeffler et al. 1985). Cells synthesizing both
hormones subsequently give rise to cells synthesizing
PRL only. Occasionally the stem cell gives rise to cells
capable of synthesizing only PRL. A summary of these
lineal relationships is depicted in Figure 7. In this model
there are two pathways for developing lactotropes. The
major pathway would be ablated by tGH-DT-A expres-
sion, but the minor pathway would contribute the small
number of PRL cells that appear in these mice. Such a
system would produce a lactotrope subpopulation that

PRL

Figure 7. Diagram of model summarizing lineal relationships
among progenitors of somatotropes and lactotropes in rodents.
Biochemical and immunocytochemical data suggest that: GH
positive, cells appear first, most of the early PRL-positive cells
are also GH positive, and later PRL-positive cells appear [Sla-
baugh et al. 1982; Hoeffler et al. 1985). Data from the 1982-2
line support this pathway but indicate that a population of
PRL-positive cells may arise directly from a non-GH-expressing
stem cell.
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might possess unique physiological functions (Walker
and Farquhar 1980; Frawley and Clark 1986; Boockfor et
al. 1986; Boockfor and Frawley 1987). An alternative ex-
planation for the greater abundance of PRL cells than
GH-positive cells in the 1982-2 line is that expression of
rGH-DT-A is delayed relative to endogenous GH syn-
thesis; thus, some cells may have specialized in the di-
rection of PRL synthesis, thereby removing signals for
transgene activation.

We have demonstrated that the genetic ablation of
specific cell types in transgenic mice can be a useful
method for understanding cell lineage relationships and
the role of particular cell types in morphogenesis. Fi-
nally, if that cell type produces a hormone one can gen-
erate a hormone-deficient animal model.

Methods
Plasmid constructions

For rtGH-hGH, the BamHI site at +2 of the hGH gene {Seeburg
1982) was converted to Xhol with a synthetic linker,
CCTCGAGG, that would regenerate the BamHI site. The rGH-
flanking region (Barta et al. 1981} was joined via its natural
Xhol site, located at +7, to the hGH gene. To generate rtGH-
DT-A, the 795-bp DT-A cassette (Palmiter et al. 1987), bounded
by BgIIl sites, was inserted into the BamHI site of tGH-hGH.
The Kpnl (-310} to EcoRI fragment from both types of
plasmids was isolated for microinjection. Transgenic mice were
produced and identified as described previously (Brinster et al.
1985).

Analysis of hGH mRNA levels

Nucleic acids were purified from tissues by homogenization in
SDS/Proteinase K followed by phenol/chloroform extraction
and ethanol precipitation. hGH mRNA was quantitated by so-
lution hybridization using an end-labeled oligonucleotide di-
rected against hGH as described (Durnam and Palmiter 1983;
Ormitz et al. 1985)

Immunocytochemistry

Pituitaries from wild-type and transgenic mice were dissected
and placed in Carnoy’s fixative for a minimum of 24-hr and
then embedded in paraffin. Indirect immunofluorescent
staining was performed on deparaffinized 5-um sections. All
primary antisera were obtained from Dr. A.F. Parlow through
the NIADDK (Bethesda, MD). To examine rGH-DT-A pitui-
taries, antiserum to rtGH (monkey) for endogenous mouse GH
visualization and mouse PRL (rabbit) were diluted 1 : 20 and
1 : 5, respectively, with PBS. The secondary antibodies, fluores-
cein isothiocyanate-conjugated goat anti-monkey immunoglob-
ulin and rhodamine-conjugated goat anti-rabbit immunoglob-
ulin {Cooper Biomedical-Cappel), were diluted 1 : 50 with PBS.
To examine hGH and mPRL expression simultaneously in
rGH~hGH pituitaries, antiserum to human GH (rat) was di-
luted 1 :100; the secondary antibody, fluorescein-conjugated
goat anti-rat immunoglobulin was diluted 1 : 50. mPRL was vi-
sualized as above. To examine hGH and mGH expression si-
multaneously, antiserum to hGH (rabbit) was diluted 1 : 500;
the secondary antibody, rhodamine-conjugated goat anti-rabbit
immunoglobulin, was diluted 1:50. mGH was visualized as
above. Experiments were performed to show that the antiserum
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to human GH did not recognize endogenous mouse GH in pitu-
itary sections.

Circulating hormone determinations

Circulating GH concentrations were determined by double-an-
tibody RIA against rat GH using materials supplied by the
NIADDK (Bethesda, MD). GH values are reported in terms of
the mouse GH reference preparation. The minimum detectable
level of GH was 0.78 ng/ml. Circulating IGF-I was measured by
RIA as described {D’Ercole et al. 1980).
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Dwarf mice produced by genetic ablation of growth
hormone-expressing cells.

R R Behringer, L S Mathews, R D Palmiter, et al.

Genes Dev. 1988, 2:
Access the most recent version at doi:10.1101/gad.2.4.453

References This article cites 44 articles, 16 of which can be accessed free at:
http://genesdev.cship.org/content/2/4/453.full.html#ref-list-1

License

Email Alerting  Receive free email alerts when new articles cite this article - sign up in the box at the top
Service right corner of the article or click here.

Dharmacon Reagents

Infinite \ horizon

2 Perkiand brvior coamspuany

Reliability

Copyright © Cold Spring Harbor Laboratory Press


http://genesdev.cshlp.org/lookup/doi/10.1101/gad.2.4.453
http://genesdev.cshlp.org/content/2/4/453.full.html#ref-list-1
http://genesdev.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=protocols;10.1101/gad.2.4.453&return_type=article&return_url=http://genesdev.cshlp.org/content/10.1101/gad.2.4.453.full.pdf
http://genesdev.cshlp.org/cgi/adclick/?ad=56352&adclick=true&url=https%3A%2F%2Fhorizondiscovery.com%2Fen%2Fapplications%2Fcrisprmod%2Fcrispri%3Futm_source%3DGDJournal%26utm_medium%3Dbanner%26utm_campaign%3DCRISPRMod%26utm_id%3DCRISPRMod%26utm_content%3DM
http://genesdev.cshlp.org/
http://www.cshlpress.com

