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ABSTRACT This investigation was undertaken to deter-
mine the possible role of growth hormone (GH) in the hormonal
regulation of hepatic low density lipoprotein (LDL) receptor
expression. Treatment of normal rats with estrogen (ethy-
nylestradiol, 5 mg/kg per day) increased the number of hepatic
LDL receptors, and the LDL receptor mRNA levels were
increased 2.4-fold. However, when hypophysectomized rats
were treated with estrogen, the hepatic LDL receptor number
and the mRNA levels only increased slightly. Treatment with
GH was important to restore the induction of hepatic LDL
receptors in hypophysectomized estrogen-treated rats. Fur-
ther, the hypocholesterolemic effect of estrogen was abolished
in hypophysectomized rats, and GH reversed this effect. To
assess the effect of GH in humans, hepatic LDL receptor
binding activity was determined in liver biopsy specimens from
gallstone patients pretreated with GH (12 international
units/day) prior to operation. GH administration induced
hepatic LDL receptors ~2-fold, and this was accompanied by
a 25% decrease in serum cholesterol. The LDL receptor
stimulation caused by GH treatment was of similar magnitude
as that observed upon 3 weeks of treatment with an established
hypolipidemic drug (pravastatin or simvastatin). The data
show that GH has an important role in the regulation of hepatic
LDL receptors and suggest that GH secretion may be important
for the control of plasma LDL levels in humans.

The activity of low density lipoprotein (LDL) receptors in the
liver constitutes a major mechanism by which dietary and
hormonal agents may regulate plasma cholesterol levels (1,
2). Thus, by controlling LDL catabolism, the number of
hepatic LDL receptors has a direct influence on the plasma
LDL level. The molecular regulation of LDL receptors by
cholesterol through end-product inhibition has been eluci-
dated in detail (3, 4). In contrast, our understanding of
hormonal regulation of hepatic LDL receptors is fragmen-
tary.
A dramatic stimulation of the hepatic LDL receptor activ-
ity occurs during treatment with pharmacological doses of
estrogen (5), and this is paralleled by a markedly increased
clearance of plasma LDL concomitant with a profound
decrease in plasma cholesterol (6-9). The physiological rel-
evance of the estrogen-stimulated hepatic LDL receptor
expression is unclear, but it has been shown to be coupled to
an elevated LDL receptor mRNA level (10). The strong
stimulatory effect of estrogens on LDL receptors in the liver
in vivo has been difficult to reproduce in cell culture (11, 12),
indicating that the mechanism for stimulation may be partly
indirect. An indirect action is also supported by the previous
observation that estrogen failed to decrease plasma choles-
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terol when given to hypophysectomized (Hx) rats (13). The
induction of hepatic LDL receptors by estrogen administra-
tion is probably the most efficient treatment available, and it
is therefore of major importance to understand the mecha-
nism(s) responsible for the stimulatory effect of this hormone
on hepatic LDL receptors. Since estrogen treatment may
exert some of its effects through influence on growth hor-
mone (GH) secretion (14), and since treatment with GH can
alter plasma cholesterol levels (15, 16), we explored the
potential role of GH in the regulation of hepatic LDL receptor
expression. Our results demonstrate that GH is important for
the induction of hepatic LDL receptors by estrogen and
indicate that GH may play a role for the expression of liver
LDL receptors in normal adult humans.

MATERIALS AND METHODS

Materials. Na'25I (IMS 30) was obtained from Amersham.
Osmotic minipumps (model 2001) were from Alza. Acrylam-
ide, N,N'-methylenebisacrylamide, and SDS were from Be-
thesda Research Laboratories. Glycerol (ultrapure) was from
United States Biochemical. Triton X-100 and CsCl (catalogue
no. 757306) were from Boehringer Mannheim. Bio-Rad pro-
tein assay (no. 500-0001) and high molecular weight standards
(no. 161-0303) were from Bio-Rad. Ethynylestradiol, diethyl
pyrocarbonate, N-lauroylsarcosine, bovine serum albumin
(fraction V, no. A-6003), Trizma base (no. T-1503), leupeptin
(no. L-2884), phenylmethylsulfonyl fluoride (no. P-7626),
1,10-phenanthroline (no. P-9375), and L-thyroxine (T4; no.
T-2501) were from Sigma. Dexamethasone (Dex) (Decadron)
was from MSD, Haarlem, The Netherlands. Guanidinium
thiocyanate, glycine, CaCl,, EDTA, and 2-mercaptoethanol
were from Merck. Human GH (Somatonorm for rat experi-
ments and Genotropin for human studies) was kindly pro-
vided by R. Gunnarsson, Kabi-Pharmacia, Stockholm.

Rats. Forty-eight mature male Sprague-Dawley rats were
used. They were kept under standardized conditions with
free access to water and commercial rat chow. Lights were
on from 6 a.m. to 6 p.m. Hypophysectomy was performed on
200-g rats by the parapharyngeal approach. During the 10
days following the operation, body weight was monitored
daily to verify failure of weight gain.

Groups of animals (four rats per group) received ethy-
nylestradiol (5 mg/kg), dissolved in propylene glycol, by
daily (at 11 a.m.) subcutaneous injections for 4 days. Hx rats
receiving hormonal substitution were in addition given the
hormones indicated below through a constant infusion from
osmotic minipumps implanted subcutaneously under ether

Abbreviations: g-VLDL, B-migrating very low density lipoprotein;
Dex, dexamethasone; GH, growth hormone; Hx, hypophysecto-
mized; IU, international unit(s); LDL, low density lipoproteins; T4,
L-thyroxine.
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anesthesia at the start of the experiment (day 0). Under these
conditions, the pumps deliver substances at a rate of 1 ul/hr
for 1 week. Human GH was infused at a rate of 5 ug/hr, Dex
at 0.8 ug/hr, and T, at 0.35 ug/hr. On day 5, after 4 days of
treatment, the rats were decapitated (between 11 a.m. and
noon). Trunk blood was collected and the livers were imme-
diately frozen in liquid nitrogen and thereafter stored at
—70°C until processing.

Patients. Altogether 21 patients with uncomplicated gall-
stone disease undergoing elective cholecystectomy were
studied. Seven patients received GH [12 international units
(IU)/day] administered subcutaneously as a single dose in the
morning; the day prior to operation the patients received an
additional injection of 12 IU at 7 p.m. Nine patients served as
untreated controls. The patients who were asked to partici-
pate as recipients of GH were selected at random, but no
formal matching or strict protocol for randomization was
followed. All the women were postmenopausal. For compar-
ison, data from 5 additional gallstone patients who had been
pretreated with the hypolipidemic drugs pravastatin (40 mg/
day) or simvastatin (20 mg/day) for 3 weeks are also pre-
sented. Informed consent was obtained prior to inclusion in
the study, which had been approved by the ethical committee
of Huddinge University Hospital.

Lipoproteins. Rabbit B-migrating very low density lipopro-
tein (8-VLDL) was isolated by ultracentrifugation of serum
obtained from rabbits that had been on a cholesterol-enriched
diet (1% cholesterol) for at least 3 weeks (17). Rabbit
B-VLDL was iodinated (specific activity, 650-1100 cpm/ng)
as described (18). Free 12°I was removed by gel filtration on
a PD-10 column (Kabi-Pharmacia) followed by extensive
dialysis against 0.15 M NaCl/0.01% (wt/vol) EDTA, pH 7.5.

Standard Procedure for Preparation of Hepatic Membranes
for Ligand Blot Assay. Frozen samples (—70°C) of rat livers
(0.5 g) or human livers (0.3-0.5 g) were homogenized twice
for 10 sec with a Polytron (Kinematica, type PT 10/35,
Kriens, Lucerne, Switzerland) at 4°C in 1 ml of 50 mM
Tris*HCIl, pH 7.5/2 mM CaCl,/0.5% Triton X-100/1 mM of
leupeptin/1 mM phenanthroline/1 mM phenylmethylsulfonyl
fluoride. After quick sonication (twice for 2 sec), homoge-
nates were subjected to 10 min of centrifugation at 4°C in a
microcentrifuge followed by 10 min of ultracentrifugation at
30 psi (206.7 kPa) in a Beckman Airfuge at room temperature,
using a prechilled ice-cold rotor. The final supernatant was
collected and frozen in multiple aliquots at —70°C. Protein
content of membranes was determined (19) using reagents
and protocols supplied by Bio-Rad.

Two-Step Procedure for Preparation of Human Hepatic
Membranes Used for Ligand Blot Assay. Fresh liver biopsy
samples (=1 g) were minced and homogenized in a Potter—
Elvehjem homogenizer with a loosely fitting Teflon pestle in
9 volumes of 50 mM Tris‘HCI, pH 7.4/0.3 M sucrose/50 mM
NaCl/10 mM EDTA. After centrifugation of the homoge-
nates at 20,000 X g for 15 min, at 4°C, the supernatants were
spun at 100,000 X g for 60 min, and the resultant pellets were
suspended and recentrifuged at 100,000 X g for an additional
60 min. Pellets were thereafter frozen at —70°C. Aliquots of
frozen 100,000 X g pellets (0.1-0.2 g) were suspended by
flushing 20 times through a 0.9 X 40-mm needle with a 1.0-ml
syringe in 400 ul of buffer B and then sonicated twice for 5
sec with an A-350 G sonicator (Ultrasoning, Shipley, Yorks,
England), at power setting 7, tuning 6. The sonicated sus-
pensions were subjected to microcentrifugation followed by
Airfuge ultracentrifugation according to the standard proce-
dure described above.

SDS/PAGE Separation of Liver Membrane Proteins. Mem-
brane proteins were separated without reduction in SDS/
polyacrylamide gels (3% stacking gel, 6% separation gel) (20).
Samples were adjusted with a loading buffer so that the final
concentrations were 0.5% SDS, 2 mM CaCl,, 0.5% Triton
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X-100, 10% glycerol, and 50 mM Tris-HCI (pH 6.8). Samples
were electrophoresed with a Protean II gel apparatus (Bio-
Rad) at a constant current of 45 mA per gel for 2.5-3.5 hr at
4°C. The separated proteins were transferred (21) onto
0.45-um nitrocellulose filters (type BA 85, Schleicher &
Schuell) with a Bio-Rad transblot cell (500 mA, 4°C for 20 hr).
Molecular weight markers (human LDL and Bio-Rad high
molecular weight standards) were reduced with 2-mercapto-
ethanol (4%) and boiled for 2 min prior to loading.

Ligand Blotting of Transferred Proteins. Nitrocellulose
filters were dried at room temperature for 30 min and then
immediately incubated for 60 min at room temperature in 5%
bovine serum albumin/2 mM CaCl,/50 mM Tris*HCIl, pH 8.0.
125]-labeled rabbit B-VLDL was then added (5 ug of protein
per ml). After an additional 60 min of incubation, the medium
was aspirated and filters were washed with 2 mM CaCl,/50
mM Tris'HCI, pH 8.0, containing 0.5% bovine serum albumin
(one rapid wash followed by two washes for 15 min followed
by one rapid wash). After a final wash with 2 mM CaCl,/50
mM Tris-HCI, pH 8.0, without albumin, filters were dried and
subjected to autoradiography after alignment of molecular
weight standard lanes that had been stained separately by
amido black. The blots were exposed for the times indicated
at —70°C on Cronex film with a Quanta III intensifying screen
(DuPont). '

For quantitation, the LDL receptor bands (=130 kDa) of
filters were cut out for y-counting after their identification
using superimposed transparent film. Background level was
obtained by y-counting of irrelevant filter pieces of the same
size and has been subtracted from the data presented. In one
experiment, the 130-kDa bands and the entire lanes were
analyzed in a PhosphorImager model 200B (Molecular Dy-
namics, Sunnyvale, CA). Data are given as arbitrary units
after subtraction of background activity measured from iden-
tical filter areas of an empty parallel lane.

Preparation of Hepatic RNA. Frozen (—70°C) liver tissue
was homogenized in 4 M guanidinium thiocyanate in the
presence of 1% 2-mercaptoethanol. After addition of N-lau-
roylsarcosine (0.5%), total RNA was isolated by ultracen-
trifugation of homogenates on CsCl (22). The RNA pellets
were dissolved in diethyl pyrocarbonate-treated water, ex-
tracted with phenol/chloroform and chloroform, and precip-
itated with ethanol. The RNA was quantitated by assuming
that 1 Aze unit = 37 ug of RNA per ml.

Solution Hybridization Analysis of LDL Receptor mRNA.
mRNAs were quantitated by a solution hybridization titration
assay (22). In brief, [a-35S]CTP-labeled complementary RNA
probes were hybridized with 5-150 ug of hepatic RNA at
68°C overnight. After RNase treatment of samples, hybrids
were precipitated and collected on glass filters. The slopes of
the linear hybridization signals were calculated by the
method of least squares and compared with the slope gener-
ated from a synthetic mouse LDL receptor mRNA standard.
The mRNA copy number was calculated by assuming 5.5 pg
of DNA per cell and an RNA/DNA ratio of 2.7:1. The
sequence used for the LDL receptor probe was the previ-
ously described mouse sequence (22) corresponding to nu-
cleotides 1247-1308 in the human LDL receptor cDNA (23).

RESULTS AND DISCUSSION

We first wanted to establish whether normal hypophyseal
function is of importance for the stimulation of hepatic LDL
receptors by estrogen. To answer this question, normal and
Hx rats were injected daily with ethynylestradiol (5 mg/kg of
body weight). After 4 days of treatment, the animals were
killed and hepatic membranes were prepared. Ligand blotting
of hepatic membrane proteins showed that the binding of
125]-Jabeled rabbit B-VLDL was markedly increased in he-
patic membranes from estrogen-treated normal rats (Fig. 1).
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FiG. 1. Importance of the pituitary for stimulation of hepatic
LDL receptors by estrogen. Normal and Hx rats were injected
subcutaneously with ethynylestradiol (Estrog) or vehicle only for 4
days. On day 5, rats were killed at 11 a.m. Hepatic membranes from
each animal were prepared for SDS/6% PAGE. Separated proteins
(200 ug per lane) were electrotransferred to a nitrocellulose filter and
incubated with 125I-labeled rabbit 8-VLDL. Autoradiographic expo-
sure time was 2 hr. Molecular weight markers (M; x 10~3) are at left.

The LDL receptors were visualized as a 120-kDa band; an
additional band at 210-230 kDa, corresponding to the dimer
of the LDL receptor (24), appeared in samples abundant in
LDL receptors. However, there was little or no stimulation
of hepatic LDL receptors among estrogen-treated Hx rats.
Hepatic LDL receptor expression was slightly lower in
untreated Hx rats than in untreated normal rats. Thus,
normal hypophyseal function is a prerequisite for the pro-
nounced stimulation of hepatic LDL receptors following
estrogen administration.

To determine whether GH may be of importance for the
stimulatory effect of estrogens on hepatic LDL receptors,
four groups of estrogen-treated Hx rats were continuously
infused with either GH alone, GH/Dex, GH/Dex/T,, or
Dex/T,. In addition, for control purposes, four groups of rats
were again treated as described in the previous experiment.
After 4 days of treatment, the animals were killed and liver
tissue and serum were collected. Subsequent assay of hepatic
LDL receptor expression (Fig. 2A) in samples of pooled
hepatic membranes from all eight groups demonstrated that
estrogen-treated normal rats again showed a dramatic in-
crease in LDL receptor expression; in contrast, Hx animals
responded only slightly upon treatment with ethynylestra-
diol. However, all estrogen-treated Hx rats subjected to
hormonal substitution (rat groups 5—-8) showed clearly ele-
vated hepatic LDL receptor binding activity in hepatic mem-
branes when compared with the estrogen-treated Hx animals.
Substitution with GH alone (rat group S5) resulted in an
increased expression of hepatic LDL receptors. Additional
substitution with Dex (group 6) gave a further increase in
hepatic LDL receptor binding and substitution with GH,
Dex, and T, in combination (group 7) revealed LDL receptor
expression similar to that seen in estrogen-treated normal rats
(rat group 3). However, when GH only was omitted (Dex plus
T4; group 8), the magnitude of stimulation of hepatic LDL
receptors was markedly reduced.

Quantification of LDL receptor mRNA (Fig. 2B) revealed
similar results. Estrogen treatment of normal rats (group 3)
resulted in a 240% increase in LDL receptor mRNA levels as
compared with normal rats, whereas estrogen-treated Hx rats
showed only a 40% increase as compared with Hx rats, the
latter group having mRNA levels similar to those found in
normal rats. Hormonal substitution of estrogen-treated Hx
rats with GH alone increased LDL receptor transcript levels
by 130%. Additional substitution of estrogen-treated Hx rats
with Dex or Dex/T, resulted in a slight further increase in
LDL receptor mRNA, representing 140% and 160% in-
creases in relation to Hx rats, respectively. However, omis-
sion of GH only (rat group 8) resulted in a lower LDL
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FiG. 2. Importance of GH for stimulation of hepatic LDL recep-
tors by estrogen. Normal and Hx rats were treated as described in
Fig. 1. In addition, groups of estrogen-treated Hx rats received
hormonal substitution by continuous subcutaneous infusion (osmotic
minipump) of the indicated hormones for 1 week. After 4 days of
ethinylestradiol treatment rats were killed at 11 a.m. on day 5. (4)
Pooled hepatic membranes were subjected to ligand blotting. Two
lanes (200 and 100 ug of membrane protein, respectively) were run
for each group of animals. Exposure time was 1.5 hr. (B) LDL
receptor mRNA levels were individually quantified by solution
hybridization using hepatic total RNA. (C) Total serum cholesterol
in each individual was determined by an enzymatic method. Each
group comprised four rats. Bars represent SEM.

receptor mRNA level, so that only a 70% stimulation was
obtained.

Analysis of serum cholesterol (Fig. 2C) showed corre-
sponding results; total serum cholesterol was thus markedly
decreased upon estrogen treatment of normal rats. No dif-
ference was seen between Hx animals and normal rats,
whereas a partial decrease in total cholesterol was seen in
estrogen-treated Hx animals. A pronounced hypocholester-
olemia was found in all groups receiving GH, the levels being
in a range similar to that of normal animals treated with
estrogen. However, substitution with Dex/T, only (group 8)
resulted in serum cholesterol levels in the same range as in
estrogen-treated Hx control animals (group 4). When the
LDL receptor mRNA levels of the eight rat groups in Fig. 2
were plotted against the logarithm of the total serum choles-
terol level in the respective groups, a strong negative corre-
lation was obtained (Fig. 3). Thus, it could be concluded that
the continuous presence of GH was necessary to obtain a
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FiG. 3. Relation between hepatic LDL receptor mRNA levels

and total serum cholesterol for groups 1-8 described in Fig. 2. Bars
show SEM. Coefficient of correlation (r) is —0.993.

pronounced stimulation of hepatic LDL receptors upon phar-
macotherapy with estrogen.

In additional control experiments, we administered the
same dose of GH as a continuous infusion to normal rats (200
g) for 5 days (data not shown). Ligand blotting of hepatic
membranes from these animals showed an unchanged hepatic
LDL receptor expression as compared with normal control
rats. GH responses are often blunted when GH is adminis-
tered to normal young rats having high endogenous levels of
GH. In the rat, the daily total secretion of GH is severalfold
higher on a body-weight basis than in normal humans (14,
25-29). Further, GH secretion decreases progressively in
humans =40 years of age (14, 30). These observations
prompted us to study the direct effects of GH administration
on hepatic LDL receptors in adult humans.

Six patients with uncomplicated gallstone disease [four
men and two women; serum cholesterol, 7.2 + 0.5 mM (mean
+ SEM)] were treated with GH (12 IU/day) for 5 days prior
to cholecystectomy. This treatment decreased total serum
cholesterol by =25% (to 5.6 = 0.5 mM; P < 0.05; Wilcoxon
test). Solubilized liver tissue from these patients was com-
pared with solubilized liver tissue from six untreated gall-
stone patients (two men and four women; serum cholesterol,
7.3 £ 0.6 mM). The human LDL receptors were visualized as
a 130-kDa band, in agreement with previous observations
(31). With this procedure, there was some evidence of
degradation of LDL receptors and, in addition, receptor
signals were relatively low compared to background. How-
ever, quantitation of the radioactivity on the filter by use of
a Phosphorlmager scanner showed a significantly higher
activity in the 130-kDa region (P < 0.05, Mann-Whitney test)
from the liver biopsy samples from GH-treated patients
compared with untreated gallstone patients (369 + 49 vs. 248
+ 40 arbitrary units).

To increase the assay sensitivity of human liver samples,
membranes were prepared by a two-step procedure from
three GH-treated patients where liver tissue was available
and from an additional GH-treated man. Membrane prepa-
rations derived from these four GH-treated subjects were
compared with identically isolated membranes from three
additional healthy controls (all women) matched for serum
cholesterol levels. This alternative membrane preparation
improved the LDL receptor signals; the GH-treated subjects
had 2- to 3-fold higher numbers of hepatic LDL receptors
than the untreated controls (Fig. 4).

To allow a comparison of the GH-induced LDL receptor
stimulation with the degree of LDL receptor stimulation
observed during established pharmacotherapy (32), we com-
pared the same three control samples with samples obtained
from five patients who had received pravastatin or simvas-
tatin for 3 weeks prior to surgery. These drugs, which are
specific inhibitors of the rate-limiting enzyme in cholesterol

Proc. Natl. Acad. Sci. USA 89 (1992)

controls GH-treated
Patient number C7 | C8 C9 G7 | G4 G3 | G5
Sex / age F/48 |F/49 |F/53 |[M/44|M/33|M/58|F/67

Serum chol- basal 8.1 1SS 6.7 ]| 56| 6.6 | 6.6 | 8.6

esterol (mM) treated | - - - |43]6.1]50 |50
T T T T

512

200

116 —

97 =

66 —
lane number 112]3]4]s5[6]7[8]9pohiizh3|14
cpm in cut-out alalw|=]wl_|al=lolaln]vla |~
Xiw|O|= oo Njn NN ool wln |w»n
130 kDa band N ||V || Rlo (ol oo |& N [©
Ol|o|o|o|o|Clo|o|o|olo|olo o

FiG. 4. Stimulation of hepatic LDL receptors by GH in humans.
Liver biopsy samples were obtained from seven patients operated on
for gallstone disease. Four subjects were pretreated with GH for §
days. Liver membranes were prepared by the two-step procedure.
Membrane proteins were subjected to ligand blotting after SDS/
3-8% PAGE. Two concentrations of membrane protein (100 and 50
ug) from each subject were applied in odd- and even-numbered lanes,
respectively. Exposure time was 2.5 hr. Total serum cholesterol
(mM) was assayed in a sample obtained immediately prior to
operation. 125 radioactivity (cpm) was determined in the cut-out
130-kDa region.

biosynthesis, hydroxymethylglutaryl-CoA reductase, pro-
duced a similar stimulation of hepatic LDL receptors as that
seen among the GH-treated subjects (Fig. 5). Thus, a clini-
cally relevant stimulatory effect of GH on hepatic LDL
receptors concomitant with a pronounced reduction of serum

Controls Pravastatin Simvastatin
Patient number C7 | c8 c9 P1 P2 S1 S2 S3
Sex / age F/48 [F/49 | F/53 | F/56 | F/58 | F/49 |M/31 |F/46
Serumcho basal | 6.1 | 55|67 J48 | 62| 70] 551 a5
esterol (mM) treated 42 | 45 | 47 | 39 |38
T T T T T T

97 —

66
Lane number 112(3]|4|5|6|7(8|9hoh1[12p13h4a)15)16
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F1G. 5. Stimulation of hepatic LDL-receptors upon treatment of
gallstone patients with pravastatin and simvastatin. After 3 weeks of
drug treatment, cholecystectomy was performed and hepatic mem-
branes were immediately prepared by the two-step procedure. Two
concentrations of membrane protein (100 and 50 ug) from each
subject were applied in odd- and even-numbered lanes, respectively.
Exposure time was 2.5 hr. Total serum cholesterol was determined
in a sample obtained immediately prior to operation. The three
controls (C7, C8, and C9) were identical to the ones used for Fig. 4).
1251 radioactivity in the cut-out 130-kDa region was determined as in
Fig. 4.
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cholesterol levels could be demonstrated, suggesting that GH
is important in the complex hormonal control of plasma LDL
levels in humans.

How does GH exert its stimulatory effect on hepatic LDL
receptors? GH seems to have several actions on hepatic
functions (33). The sex-differentiated hepatic steroid and
drug metabolism in the rat is under control of the sexually
dimorphic GH secretory pattern (34-36). Estrogen-induced
feminization of certain hepatic enzymes can be fully repro-
duced by a continuous infusion of GH, which mimics the
female GH secretory pattern (34-37). GH might also modu-
late hepatic responsiveness to direct actions of estrogen by
controlling the expression of hepatic estrogen receptors (38).
Additional mechanisms may operate involving direct or in-
direct effects of GH on other targets of importance in hepatic
cholesterol metabolism, such as cholesterol 7a-hydroxylase
and hydroxymethylglutaryl-CoA reductase, the rate-limiting
enzymes in the synthesis of bile acids and cholesterol,
respectively. Whatever the mechanism, the role of GH—and
its potential effect mediators, such as insulin-like growth
factor I (33)—in the regulation of hepatic LDL receptors
must now be further studied in various species for a more
detailed understanding of the physiological and biochemical
links between GH, estrogen, and hepatic cholesterol metab-
olism. Of particular interest will be to evaluate the possible
relevance of the age-related reduction of GH secretion in
humans (14, 30) for the decrease in plasma LDL clearance
that occurs with age (39, 40).

Should adult patients with GH deficiency receive GH in
addition to the current substitution regimen [thyroid hormone
and corticosteroids (41)]? Hypercholesterolemia is common
in such patients, and a doubling in death rate due to myo-
cardial infarction has been reported among Hx subjects
receiving conventional substitution therapy (42). Although
our findings may provide some support for prolonged GH
therapy, it is too early to state that additional substitution
with GH to these patients may be beneficial, and a detailed
evaluation of the effects on plasma LDL levels during GH
substitution in Hx patients therefore seems highly warranted.
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