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ABSTRACT AIDS is often associated with growth retar-
dation in children and wasting in adults. The dissociated
envelope protein of the HIV (HIV-1), gp120, can be found in
significant concentrations in the parenchyma and cerebro-
spinal f luid of brains in infected individuals, even in the
earliest stages of HIV-1 disease. On the basis of this and the
fact that we observed pentapeptide sequence homology be-
tween GH-releasing hormone (GHRH) and the V2 receptor-
binding region of gp120, we initiated experiments to determine
whether gp120 could affect GH secretion and growth in vivo
andyor interact with anterior pituitary GHRH receptors in
vitro. Although acute IV administration of gp120 in conscious
rats had no effect on plasma GH levels, acute administration
of gp120 (400 ng) into the brain significantly suppressed
pulsatile GH release over a 6-h period compared with saline-
injected controls. Furthermore, the putative gp120 antago-
nist, Peptide T (DAPTA), prevented the suppression of GH by
gp120. In support of these in vivo findings, gp120 also signif-
icantly (P < 0.05) suppressed GHRH-stimulated GH release
in static cultures of dispersed pituitary cells and from cells
undergoing perifusion with the peptides. DAPTA prevented
the GH suppression by gp120 in both of the pituitary cell
paradigms. Furthermore, chronic administration of gp120
into the third ventricle significantly reduced body weight in
juvenile rats, compared with saline-injected controls. Thus,
gp120 appears to act both at the hypothalamus and pituitary
to suppress GH release, and its action at these two locations
is associated with a significant loss in body weight in chron-
ically treated young animals. These findings may suggest a
specific mechanism for the pathogenesis of wasting in HIV-1
patients that involves blockade of endogenous GHRH recep-
tors by gp120.

Several hormonal and metabolic disturbances have been de-
scribed in HIV-1 infection, one of the most important of which
is the wasting syndrome (1–12), in which adults experience
weight loss and children exhibit developmental retardation.
Depletion of lean body mass is most profound in the acutely
ill patient with active secondary infection (7–10). The course
of illness in a pediatric setting differs from that in the adult and
strongly tends toward developmental retardation and failure of
somatic growth (1–5) with occasional immunosuppression (4).
Subclinical endocrine insufficiency in asymptomatic patients
occurs with much greater frequency and is evident very early
in the course of infection (13–15).

Initial studies (1–4) investigated the effects of HIV-1 on
growth and hormonal profiles of infected children and found
low circulating levels of growth hormone (GH) (both basal and
stimulated) and insulin-like growth factor I (IGF-I). A recent
study of growth and development in hemophiliac males shows
that diminished growth velocity and growth hormone levels
are common in HIV-infected boys, that these diminutions
occur early, and that they precede immunological compromise
(16). GH deficiency has also been observed in HIV-1-infected
adults (5–7). Deficiencies in GH and IGF-I levels have been
seen at all clinical and immunologic stages of disease, but are
most prominent in advanced cases (4). Some studies report
increases in GH levels (17) in adult hypogonadal subjects with
weight loss, an adaptation that may be related to reduced
caloric intake. Early HIV infection therefore may cause ab-
normal endocrine function characterized by dysregulated GH
secretion and androgen production, which then lead to lean
tissue loss.

Controlled clinical trials in AIDS patients have demon-
strated that GH, or IGF-I, can increase lean body mass and
improve quality of life (12, 18–22). Larger trials have also
documented weight gains with recombinant human (rh) GH
plus rhIGF-I over a 6-week administration (21) or GH only for
12 weeks (12). The evidence that GH levels are suppressed
with HIV-1 infection coupled with the reports that exogenous
GH ameliorated AIDS-associated wasting suggest that HIV
infection or viral proteins disrupt endocrine function leading
to diminished growth hormone and androgen production,
which then contribute to pediatric developmental retardation
or wasting in adults.

The pathophysiological mechanisms of AIDS wasting in
adults, and retardation of somatic growth in children with
HIV-1 disease are presently unknown (10, 23). Obvious virus-
induced abnormalities or infection of endocrine tissues seems
rare (25, 26), although cytomegalovirus, toxoplasmosis, and
cytokine release have been proposed (27) as agents.

Interestingly, HIV gp120 infused into rat brain causes
release of the cytokines interleukin 1 or tumor necrosis factor
(28), which have been shown to suppress GH and its releasing
factor, GHRH, when elevated in the brain (29). The envelope
protein gp120 has been found to cause death of neurons at low
concentrations by indirect mechanisms (30–32), and gp120
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slows or prevents the appearance of developmental milestones
when administered subcutaneously to neonatal rats (33).

A previously identified homology in the V2 region of gp120
between vasoactive intestinal peptide (VIP) and its homolog,
GHRH, the major peptide releasing factor for GH, have been
noted, and the structural features have been discussed previ-
ously (34–36) (Table 1). Short peptides from this region of
gp120 act as antagonists to gp120 binding, infectivity, and
neurotoxicity (32–36). Based on the sequence homology be-
tween gp120 and GHRH, we reasoned that gp120 might
interact with VIPyGHRH hypothalamic andyor pituitary re-
ceptors to suppress directly the endogenous GHRH-mediated
signaling events that drive GH secretion.

Therefore, we investigated whether intracerebroventricular
(ICV) administration of gp120 could suppress GH release in
vivo in rats and whether this suppression was associated with
concomitant weight loss. We also characterized the effects of
gp120 on the ability of GHRH to release GH in dissociated
pituitary cell cultures. To clarify the receptor mechanisms of
gp120 action we also determined whether the small V2 region-
derived gp120 antagonist DAPTA (D-Ala-peptide T amide)
would block gp120’s actions to suppress GH secretion.

METHODS

Effects of Central gp120 on Circulating Growth Hormone.
Young adult Sprague–Dawley rats (12–14 weeks of age, Har-
lan, Indianapolis) were housed individually in an approved
animal facility with environmentally controlled rooms and a
12-h light cycle (0700–1900 h). Animals received tap water and
food ad libitum. All protocols were approved by the George-
town University Animal Care and Use Committee. Animals
were anesthetized with tribromoethanol (2.5%, 1 mly100 g
body weight), and 23-gauge stainless steel guide cannulae were
implanted stereotaxically into the third ventricle (3V) of the
hypothalamus, 1 week before administration of drugs. The
morning before the experiments, animals were anesthetized
under ether and Silastic catheters were placed in the animals’
jugular veins for blood sampling, and patency was maintained
with a 500 unitsyml sodium heparin block. The following day
the jugular lines were opened and attached to PE-50 tubing, so
blood sampling would not disturb the conscious animals. At
0715 h, saline vehicle, gp120 (400 ng), DAPTA (300 ng), or
gp120 (400 ng) 1 DAPTA (300 ng) was administered intra-
ventricularly with a Hamilton syringe (Reno, NV) in a volume
of 4 ml. This dose of gp120 was similar to concentrations of
GHRH that have been injected ICV in previous in vivo GH
studies (37). The injection was given over a period of 60 sec
through a 30-gauge inner infusion cannula. As a control for the
specificity of action, multiple freeze-thawed (43), inactivated
gp120 was injected ICV at the same dose, and plasma GH
profiles were obtained over a 6-h period. To determine
whether the same concentration of gp120 had peripheral
effects on pituitary GH release, gp120 (400 ng) was adminis-
tered i.v., instead of into the 3V, to a separate group of animals.
Serial blood samples (0.2 ml) were obtained every 15 min from

0730–1345 h from all groups of animals. Packed red blood cells
resuspended in saline were reinjected every other blood draw
to maintain blood volume and hematocrit. Plasma was frozen
at 280°C until growth hormone assay. Basal and end levels of
corticosterone were also analyzed in the different groups. The
rhgp120 SF-2 (lot 167A) used was provided by the National
Institutes of Health AIDS Reagent program and Chiron
Corporation, Emeryville, CA.

Effects of gp120 on GH Release from Pituitary Cells. Cell
culture protocol. Anterior pituitary glands were removed from
donor male rats after decapitation, minced with a sterile razor
blade, and placed in dispersal medium [DMEM (GIBCO)
containing 0.1% BSA, 0.1% trypsin, 20 mM Hepes, and 1
mly10 ml penicillin-streptomycin]. Cells were dispersed in a
spinner flask at 37°C with gentle mechanical disruption.
Monodispersed cells were centrifuged to remove dispersal
medium (10 min, 600 3 g) and resuspended in overnight
culture medium (Medium 199, 10% horse serum, 20 mM
Hepes, 1 mly10 ml antibioticyantimycotic). Incubations (static
and dynamic perifusion) were performed as previously de-
scribed (38, 39) and as characterized below.

Static incubations. The effects of gp120 in the presence or
absence of GHRH on pituitary cell growth hormone secretion
were first examined in static cultures. For the overnight
incubation, cells were placed in 12 3 75-mm polystyrene tubes
at a density of approximately 300,000 cells per ml medium. The
next day, the tubes were centrifuged (10 min, 600 3 g), medium
was aspirated, and the cells were resuspended in medium
(Medium 199, 1% BSA, 20 mM Hepes, 1 mly100 ml penicillin-
streptomycin, 0.06 M ascorbic acid, 0.02 M bacitracin). The
cells were incubated with GHRH alone (0.1–10.0 pM); gp120
alone (1.0–100 pM); and GHRH in the presence of a range of
gp120 concentrations (1.0–100 pM). Incubations (30 min)
were conducted at 37°C in room air and terminated by
centrifugation (10 min 3 600 g), and medium was aspirated for
determination of hormone content. Samples were stored at
280°C until growth hormone assay. All samples were tested in
duplicate, at two dilutions, in two separate assays. The entire
cell culture protocol was repeated in three individual cell
harvests with similar results.

Dynamic perifusions. For overnight incubation, the dis-
persed cells were plated in 60-cm cell culture dishes at a density
of approximately 3 3 106 cells per dish in 8 ml of medium.
After an 18-h incubation, cells were scraped from the dishes
and centrifuged (10 min 3 600 g), and overnight incubation
medium was removed. The cells were resuspended in incuba-
tion medium (Medium 199, 1% BSA, 20 mM Hepes, 1 mly100
ml penicillin-streptomycin, 0.06 M ascorbic acid, 0.02 M
bacitracin), loaded onto Bio-Gel p-2 columns (0.4 3 1.5 cm)
(Bio-Rad), and perifused at a flow rate of 0.5 mlymin. A
stabilization period of 120 min preceded all testing. Testing
consisted of intervals of consecutive exposure to control
medium and medium containing test substances in various
combinations (at concentrations of 1.0 nM GHRH, 1.0 nM
gp120, and 5.0 nM DAPTA). Four columns were run in
parallel for each cell dispersion. To determine the specificity

Table 1. Pentapeptide sequences shared by GP120, GHRH, and VIP

Peptides Sequence

gp120 Isolates
IIIB Thr Thr Ser Tyr Thr
WMJ1 Ser Ser Thr Tyr Arg
SF-2 Thr Thr Asn Tyr Thr

GHRH(7-11) Thr Asn Ser Tyr Arg
VIP(7-11)

(Human, porcine, rat) Thr Asp Asn Tyr Thr
(Chicken, guinea pig) Thr Asp Thr Tyr Thr

DAPTA (D-Ala-Peptide T-amide) d-Ala Ser Thr Thr Thr Asn Tyr Thr-NH2
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of the hormonal response to gp120, a second series of exper-
iments was performed examining the effects of lutenizing
hormone-releasing hormone (LHRH, 1 nM) and various
combinations of gp120 (1.0 nM) and DAPTA (5 nM) on LH
secretion. Perfusates from all experiments were collected
automatically at 5-min intervals, and medium was stored at
280°C until hormone assay. Samples were assayed in duplicate
or triplicate, as described above.

Effects of Chronic gp120 Administration on Somatic
Growth in Juvenile Rats. Central administration. To examine
the effects of central gp120 on somatic growth, cannulae were
implanted in the 3V of juvenile (5-week-old) male Sprague–
Dawley rats. Animals were housed separately, weighed, and
handled daily for acclimation. When all animals had recovered
their preoperative body weights and were growing (usually by
day 5 postcannulation), they received intracerebroventricular
injections of saline (1 ml) or gp120 (2 ng, in 1 ml saline) twice
daily (at 0800 and 1300 h) for 5 days. Body weights were
measured daily, and organ weights were obtained at the end of
the experiment. All animals ate comparable amounts of food
and water throughout the experimental periods.

Peripheral administration. To determine whether peripher-
ally administered gp120 alters somatic growth, juvenile (4- to
5-week-old) male Sprague–Dawley rats were given gp120 i.p.
(100 ng, two or three times daily) in Alzet minipumps (200 ng
over 3 days) or by intravenous injections through chronic
jugular catheters (100 ng, twice daily; or 1 mg, three times
daily). Other animals were given saline vehicle i.p. by
minipump or through IV injections and served as controls.
Daily body weights were recorded and, at the end of the
experiments, organs were removed and weighed.

Analysis. Plasma and media GH and LH levels were mea-
sured by the RIA kits supplied by the National Institute of
Diabetes and Digestive and Kidney Diseases Hormone and
Pituitary Program. Results are expressed in terms of the RP-6
reference preparation for rat GH and RP-3 standard for the rat
LH. The inter- and intraassay coefficients of variation for all
assays were below 10%. The minimum detectable levels of GH
and LH were 0.5 ngyml. All GH and LH concentrations were
determined from duplicate aliquots. Plasma corticosterone
levels were determined by using a commercial kit from Nichols
Diagnostics.

Statistical analysis. Multiple comparisons (between three or
more groups) were analyzed by using one-way ANOVA and
Student–Newman–Keuls posthoc tests. Statistical comparisons
were made within and between two groups by paired and
unpaired Student’s t test, respectively. The growth rates of
juvenile rats were equated with the slopes of the growth curves
for the individual animals by using a linear regression analysis.
Individual slopes of pre- and posttreated animals within the
same groups were assessed by paired Student’s t tests; com-
parisons between saline- and gp120-treated animals were
performed by using unpaired Student’s t tests. Significance was
assigned at the P , 0.05 level.

RESULTS

Effects of Acute Central gp120 on Circulating Growth
Hormone. Injection of nonpyrogenic saline into the third
ventricle of conscious adult rats resulted in a typical pulsatile
secretion of GH over 6 h (Fig. 1A, solid circles). In contrast,
a single injection of gp120 (400 ng) suppressed the pulsatile
release of GH over the entire experimental period (Fig. 1A,
open circles). This was evident from both the lack of peaks
(Fig. 1A) as well as significantly reduced area under the curve
for GH (P , 0.05) over the 6-h period (Fig. 1C). Concomitant
3V administration of gp120 (400 ng) 1 DAPTA (300 ng)
prevented the suppression of GH observed with gp120 alone
(Fig. 1 B and C). DAPTA alone had no effect on GH secretion
(data not shown). Furthermore, the inactivated preparations

of gp120 failed to alter the normal patterns of GH secretion or
total amount of GH secreted over the experimental period
(data not shown), thereby indicating a specific action of intact
gp120 on GH release, rather than a nonspecific response to a
foreign protein. Also, the immediate suppression of GH
release in gp120-treated animals suggests a specific central
action of gp120 on the GHRH–GH axis, rather than through
an alternate pathway, which would typically take longer to
initiate. Basal corticosterone levels in the gp120 group were
not significantly different from saline controls, either at the
beginning [99.5 6 37.4 vs. 56.5 6 33.1 ngyml, respectively; not
significant (n.s.)] or end (258.5 6 12.7 vs. 290.2 6 22.1 ngyml
in controls, n.s.) of the blood sampling period, thereby arguing
against a glucocorticoid-mediated suppression of GH.

Effects of gp120 on GH Release from Pituitary Cells. Static
incubations. As expected, GHRH stimulated a release of GH
in a dose-related fashion, from dispersed anterior pituitary
cells in static incubation. In the presence of gp120, however,
there was significant inhibition of GH secretion from the cell
cultures. Fig. 2 illustrates the dose-dependent inhibition at-
tained by using three doses of gp120: 1.0, 10, and 100 pM.
Interestingly, in the presence of 0.1 nM GHRH, all doses of
gp120 produced a significant 40% inhibition (P , 0.05) of GH
release, indicating the potency of gp120. The highest dose of
gp120 (100 pM) consistently reduced GH secretion by more
than 40% in response to increasing GHRH concentrations
(P , 0.0001).

FIG. 1. (A) Effects of administration of gp120 (400 ng ICV) on
circulating GH levels in conscious adult rats. (B) Effects of ICV
administration of DAPTA (Peptide T) in the presence of gp120 on
circulating GH levels in conscious adult rats. (C) Area beneath the
curve of GH in control (saline), gp120, and gp120 1 DAPTA-treated
adult rats. p, P , 0.05 vs. saline controls.
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Dynamic perfusions. Fig. 3 Upper depicts GH secretion from
samples collected every 5 min from the perifusion of dispersed
pituitary cells. Addition of GHRH (1.0 nM) to the perfusate
significantly (P , 0.001) increased GH release in the collec-
tions (fractions 10–20). Gp120 alone had no effect on basal
GH release (fractions 40–50), but when combined with
GHRH (1.0 nM), gp120 (1 nM) suppressed the normal
GHRH-mediated GH release by 75% (P , 0.01) (fractions
50–60).

In contrast to the results in Fig. 3 Upper, the addition of
DAPTA (peptide T) to the gp120 1 GHRH being perifused
through the cells restored the GHRH-mediated GH release
(Fig. 3 Lower, fractions 16–20, closed triangles). This response
was the same magnitude observed with GHRH alone (Fig. 3
Lower, fractions 16–20, open circles) and was significantly
greater than the 47% decrease in GH release observed in the
gp120 1 GHRH group (closed circles). DAPTA alone did not
affect basal GH levels (fractions 10–12) or the GHRH-
mediated increase in GH (fractions 16–20). Again, gp120
alone had no significant effect on basal GH levels (fractions
(13–15). Cells challenged with GHRH at the end of the
experiments demonstrated a robust increase in GH secretion,
indicating the viability of the cells at the end of the perifusion
periods (data not shown). In addition, gp120 and DAPTA,
either alone or in combination, failed to alter either baseline
or LHRH-stimulated LH secretion (D in LH from baseline:
controls, 67%; gp120, 71%; DAPTA, 70%; gp120 1 DAPTA,
70%).

Effects of Chronic gp120 Administration on Somatic
Growth in Juvenile Rats. Central administration. After 3V
cannulation, animals were randomly separated into two groups
with similar growth rates over the 5 days of recovery (growth
slopes of 4.39 6 1.34 and 4.91 6 0.94, n.s.). Chronic 3V
injections of saline reduced the normal rapid rate of growth in
the juvenile rats, although they maintained a positive growth
rate (slope of 11.09 6 1.77) (Fig. 4, closed circles, n 5 5). In
contrast, administration of gp120 resulted in a dramatic re-
duction in body weight over the experimental period, which
was significantly different (P , 0.05) from saline controls by
day 3 (Fig. 4, open triangles, n 5 6). The growth rate, as
indicated by the slope of the change in cumulative body weight
line (m), was significantly reduced in the animals treated with
gp120 (24.21 6 4.35, P , 0.01, vs. saline controls). Organ
weights and organybody weight ratios for these animals after
5 days of treatment are shown in Table 2. Although most of the
organs analyzed were comparable in weight to the controls,
both the thymus and spleen of the gp120-injected animals
weighed significantly less than their age-matched, saline-
injected controls. Interestingly, when comparing the organy
body weight ratios as a measure of proportionality, the thymus
remained significantly smaller than would be predicted (0.12 6
0.1 vs. 0.17 6 0.02% in controls, P , 0.05), indicating actual
regression of thymic weight.

Peripheral administration. Several different methods were
employed to assess whether peripherally circulating gp120 has
effects on somatic growth in young, growing rats. Intraperi-
toneal injections, minipump infusion, and i.v. administration at
varying doses of gp120 had no effect on somatic growth in the

FIG. 2. Effects of gp120 (0.01 and 0.1 nM) on GHRH-mediated
GH secretion from static, dispersed pituitary cell cultures. The inhib-
itory effects of both doses of gp120 are significant at 0.1 nM GHRH
(P , 0.05) and 1.0 nM GHRH (P , 0.0001).

FIG. 3. (Upper) Effects of gp120 on GHRH-mediated GH secre-
tion from dynamic perifusion of pituitary cell cultures. Fractions were
taken every 5 min under basal perifusion conditions and in the
presence of GHRH, gp120, or GHRH 1 gp120. (Lower) Combined
effects of gp120 and DAPTA (Peptide T) on GHRH-stimulated GH
release from dynamic perifusion of pituitary cell cultures. Fractions
were taken every 5 min under basal perifusion conditions and in the
presence of GHRH, gp120, DAPTA, or GHRH 1 gp120 1 DAPTA.

FIG. 4. Effects of chronic central injections of saline vehicle or
gp120 (4 ng in 1 ml, twice daily) on cumulative whole body weight gain
in conscious juvenile rats. The dotted horizontal line is the zero
identity line. p, P , 0.05 vs. saline controls.
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young animals (body weight gain over 9 days: i.v. saline
controls, 55 6 3 g; gp120 (1 ng i.v.), 55 6 2 g; gp120 (100 ng
i.v.), 54 6 3 g, n.s.). Organ weights were also unchanged by
systemic gp120 administration (data not shown).

DISCUSSION

There is close sequence homology between a 5-aa epitope of
GHRH (and the homologous peptides VIP and PACAP) and
peptides derived from the V2 region of the gp120 molecule
(34) (Table 1). This suggests that gp120 could compete for
GHRH and VIP receptors, potentially contributing to GH
suppression and the wasting syndrome observed with AIDS.
The present studies support this notion by determining that
central injection of gp120 was able to significantly and sub-
stantially suppress the normal pulsatile release of GH in
conscious rats. Furthermore, the gp120 antagonist DAPTA,
when coadministered with gp120, was able to prevent the GH
suppression, suggesting, in view of the sequence homology,
that the effects of gp120 at the level of the hypothalamus may
occur through suppression of VIP receptor-mediated GHRH
release.

Because VIP can stimulate GHRH release from the hypo-
thalamus (40), it is also conceivable that gp120 blockade of
GHRH andyor VIP on their pituitary receptors could further
account for the inhibition of GH secretion. Pituitary cell
cultures were employed to determine whether gp120 has a
pituitary site of action when exposed directly to these cells, as
might occur with circulating gp120 in actual AIDS patients. In
support of our hypothesis, and consistent with the in vivo
findings of suppressed GH by central gp120 injection, GHRH-
mediated release of GH in static pituitary cultures was blocked
in the presence of low concentrations of gp120 (Fig. 2).
Dynamic pituitary perifusion studies confirmed the static
incubation results, again illustrating the ability of gp120 to
suppress GHRH-induced GH secretion (Fig. 3). Concomitant
administration of DAPTA, a gp120 antagonist (32–35), to the
gp120yGHRH perifusate restores the GHRH-mediated GH
secretion. These in vivo and in vitro results indicate that both
hypothalamic and pituitary GHRH and VIP receptors may be
targets for gp120 action, which would ultimately account for
the reduction of pulsatile GH release in the whole animal. In
addition to the effects of gp120 on the central somatotropic
axis, binding of gp120 to VIPyGHRH receptors at other
central or peripheral sites may have specific deleterious man-
ifestations.

Because the essential feature of AIDS wasting disease is the
loss of body mass in juveniles and adults [the actual cause of
death (10)], our focus was to determine whether chronic
gp120-induced suppression of pituitary GH secretion affected
somatic growth in juvenile animals. Although peripheral ad-
ministration of gp120 had no effect on growth (possibly
because the doses of gp120 were insufficient, or it did not reach
critical sites), central (3V) administration resulted in signifi-
cant weight loss after only 3 days of administration. This weight
loss in the typically rapidly growing animal was associated with
significantly reduced spleen and thymus weights. Indeed, the
thymic weight was actually proportionately lower than pre-

dicted by the organybody weight ratios, suggesting actual
regression of the tissue. GH has been shown to be an important
hormone in thymic lymphocyte development (41), and because
there is involution and degeneration of immune tissues in
AIDS (42), we would hypothesize that the chronic suppression
of GH by central administration of gp120 may also be affecting
immune cell function. Thus, our findings indicate that gp120
suppresses GH release by blocking the action of GHRH at the
pituitary, as well as possibly by interacting with (VIP) recep-
tors at the level of the hypothalamus. The suppression of
circulating GH levels through central hypothalamic and pitu-
itary mechanisms in animals treated with gp120 causes weight
loss and may directly or indirectly have negative effects on
immune tissues, specifically the thymus and spleen.

The model, subject to further verification, appears to re-
create certain aspects of the wasting pathology of AIDS. It is
recognized that wasting disease is caused by many pathologic
processes and is not simply accounted for by suppressed GH
levels (11). However, the current findings implicate gp120 as
a potential agent for GH suppression and weight loss and
suggest specific GHRH receptor pathways by which gp120 acts.
The studies indicate that DAPTA, an antagonist of gp120
action, blocks the suppression of GH by gp120, in vitro and in
vivo, thereby indicating that gp120 does not cause a nonspecific
or toxic inhibition of GH secretion. Interestingly, although
patients with asymptomatic HIV infection appear to have no
change in GH levels (43), some cases of HIV-wasting have
reported elevated GH levels (17); however, the latter may
actually be the result of a compensatory response to starvation
(44, 45) and may represent yet another variation in AIDS
wasting.

The receptor pathways for these effects are of interest, as
they suggest specific targets for therapeutic intervention. Our
findings that gp120 acts on isolated pituitary cells to block
GHRH-stimulated GH release suggests that gp120 can act
through GHRH receptors. This appears to be specific, because
the release of pituitary LH (through LH-releasing hormone
receptors) was not affected by gp120. The concept that gp120
can act through GHRH receptors is further supported by the
fact that DAPTA, an antagonist of gp120 binding and activity
(32, 37), which shares a homology with GHRH (Table 1),
blocks the suppression of pulsatile GH in vivo, as well as in both
static and perifused pituitary cultures. This would be in
keeping with pharmacological theory that antagonist activity
is mediated through competition with agonists at receptor
sites. However, definitive proof of this hypothesis awaits future
demonstration of displacement of radio-labeled GHRH bind-
ing by DAPTA and gp120 in direct binding experiments.
Additionally, both GHRH and VIP neurons synapse on so-
matostatin (SRIF) neurons in the brain (46, 47), and GHRH
normally stimulates SRIF release centrally (48, 49). This action
of GHRH might be suppressed by central gp120. However,
because gp120 may also act at VIP receptors, and VIP inhibits
SRIF and stimulates GHRH from the hypothalamus, it is
possible that gp120 would block these actions of VIP, leading
to an overall increased SRIF output and decreased GHRH
secretion. This would not be unexpected, because VIP and VIP
receptors are more prevalent in the brain than are GHRH and

Table 2. Central (3V) injections

Group Brain Thymus Spleen Heart Kidneys Testes

Organ weights, g
Saline (n 5 5) 0.52 6 0.03 0.35 6 0.04 0.64 6 0.03 0.74 6 0.03 1.52 6 0.03 3.31 6 0.19
gp120 (n 5 6) 1.44 6 0.05 0.22 6 0.03* 0.51 6 0.05* 0.76 6 0.02 1.49 6 0.04 2.96 6 0.06

Organ weightybody weight ratio, %
Saline (n 5 5) 0.74 6 0.02 0.17 6 0.02 0.31 6 0.02 0.36 6 0.01 0.74 6 0.01 1.60 6 0.08
gp120 (n 5 6) 0.81 6 0.05 0.12 6 0.01* 0.28 6 0.02 0.42 6 0.02 0.83 6 0.03 1.67 6 0.13

Numbers are means 6 SEM.
*P , 0.05 vs. saline, by Student’s t-test.
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GHRH receptors. Thus, this central action, in addition to the
effects of gp120 on pituitary GHRH receptors, would have a
net effect of suppressing GH levels, which is consistent with
our hypothesis and observations.

In conclusion, the present in vivo and in vitro results indicate
that gp120 blocks the GHRH-mediated GH release, most
likely through both hypothalamic and pituitary mechanisms by
using homologous VIP and GHRH receptors. The GH-
suppressing effects of gp120 can be prevented by a small
peptide antagonist of gp120 infectivity and neurotoxicity that
shares sequence homology to GHRH. These findings support
a receptor-active mechanism for gp120 action and suggest that
the V2 epitope of HIV is responsible for the neuroendocrine-
related receptor binding of gp120. The relationship of hypo-
thalamic and pituitary receptors that bind gp120, suggested
here, to other G-protein-coupled gp120 coreceptors (51–54) is
currently under investigation. Drugs that block the GH-
suppressing actions of gp120 (like DAPTA) may now be
considered for their potential therapeutic efficacy in the
setting of HIV-1 weight loss, pediatric development, and
wasting by their ability to normalize endogenous GH levels.
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