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ABSTRACT
glycosylated recombinant gp120, the envelope protein of hu-
man immunodeficiency virus, in various doses (100 ng to 4 ug)
resulted in detection of interleukin 1 (IL-1) activity in a high
percentage (61%:; 33 of 54) of rat brains, whereas IL-1 was very
rarely detected in brains of animals infused with several control
substances (4%; 1 of 28). To detect IL-1, clarified glial lysate
of diencephalon plus brainstem was subjected to gel exclusion
chromatography and fractions were assessed for thymocyte
stimulation. IL-1 was seen 2, 6, and 24 hr postinfusion. i.c.v.
gp120 also produced known effects of IL-1 in brain, elevating
steroid concentration in plasma and decreasing cellular im-
mune responses [natural killer (NK) cell activity and mitogenic
response to Con A] of blood and splenic lymphocytes. When
gp120 was infused with a-melanocyte-stimulating
hormene (20 ng), whichbloeksmanybiologluhcﬁonsofﬂ.-l
gp120 no longer elevated steroids or decreased NK cell activity.
After intravenous gp120, IL-1 was pot found in brain or
plasma, indicating that stimulation of IL-1 in brain by i.c.v.
gp120 was not due to gp120 affecting infiltrating cells from
blood or to elevated circulating IL-1. That induction of IL-1 in
brain might have resulted from lipopolysaccharide (LPS) in the
gp120 solution was ruled out by studies showing that (i) heating
of the infusion solution, which does not affect the capacity of
LPS to induce IL-1, eliminated the ability of gp120 infusion to
induce brain IL-1, and (i) gp120 induced IL-1 in brains of
LPS-resistant C3H/HeJ mice. Injection of gp120 directly into
the hippocampus stimulated IL-1 more readily than i.c.v.
infusion. Thymocyte stimulation produced by active fractions
of gp120-infused brains was blocked by monoclonal antibedy to
IL-1 receptors. These findings indicate that elevation of IL-1 in
brain ¢an result from infection with human immunodeficiency
virus and may be for certain abnorinalities (e.g.,
elevated activity of pitultary—adrenal axis) seen in AIDS pa-
tients.

Human immunodeficiency virus (HIV) enters the brain soon
after infection with this virus (1). As a result, the various
protein constituents of the virus will enter the brain, including
gp120, the envelope protein of HIV that binds to the CD4
cell-surface antigen. HIV and gp120 have been shown to
induce synthesis of interleukin 1 (IL-1) in peripheral blood
monocytes (2, 3). The results described here show that
introduction of gp120 into the rat brain rapidly induces IL-1
within the brain. IL-1, a cytokine originally isolated from
macrophages, is now known to be released by cells in the
brain (4, 5) and is possibly found in neurons (6); IL-1 acting
in brain has a variety of biological effects, including induction
of fever (7), slow wave sleep (8, 9), and potent stimulation of
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the pituitary-adrenal (P-A) axis via release of corticotropin-
releasing factor (CRF) (10-13). Also, introduction into brain
of femtomole quantities of IL-1 or induction of endogenous
IL-1 in brain rapidly suppresses peripheral cellular immune
responses (14) via CRF-mediated activation of both the P-A
axis and the sympathetic nervous system (15, 16). The results
presented here also show that, consistent with the brain
actions of IL-1 described above, introduction of gp120 into
the brain elevates plasma steroids and suppresses cellular
immune responses.

METHODS AND MATERIALS

Subjects. Male Sprague-Dawley rats weighing 200-300 g
were housed two per cage in enclosed, microisolator cages
within laminar-flow racks originally designed by Riley e al.
(17). Animals were maintained on a 12-hr light (7:00 a.m. to
7:00 p.m.)/12-hr dark (7:00 p.m. to 7:00 a.m.) cycle.

Infusion Procedure. Animals were infused through a can-
nula placed stereotaxically into the brain [for details of
cannula construction, surgery, and infusion, see Weiss et al.
(18)]. In some experiments, the cannula was cemented to the
skull and the infusion was administered to an awake animal
4-6 days later; in other experiments, anesthetized animals
were infused immediately after the cannula was appropriately
positioned into the brain. The substance infused was intro-
duced slowly over 10 min (for vol of 20 ul or less) or 15 min
(40 ul). Except in experiment 1, in which effects were studied
at different times after infusion, animals were sacrificed 2.5
hr after the infusion was completed.

Detection of IL-1 in Brain. Under halothane anesthesm,
animals were perfused transcardially with 0.9% saline. IL-1
was detected in brain by the procedure of Fontana et al. (19).
The brain was removed aseptically, meninges were dis-
carded, and brainstem plus diencephalon (a region found to
show IL-1 activity in earlier studies) was retained for anal-
ysis. Brain tissue was passed sequentially through sterile
nylon wool mesh (210 and 132 ;.un) to obtain dissociated cells
rich in‘astroglia but also containing phagocytic cells including
microglia (se¢ refs. 20 and 21). Cells were sonicated (25 X 10¢
cells per ml) in ice-cold RPMI medium containing protease
inhibitors and centrifuged at 100,000 x g for 60 min. To
remove small molecular mass substances (<10 kDa) and to
concentrate (20-fold), the supernatant was subjected to ul-
trafiltration using Amicon membranes.

The supernatant was then subjected to Sephadex G-50
chro phy essentially as described by Cannon and
Dinarello (22). Sephadex G-50 (fine) was packed into glass

Abbreviations: HIV, human unmunodeﬁcnency virus; IL-1, inter-
leukin 1; P-A, pltuntary—adrenal PHA, phywhenmgglutlmn NK,
natural knller, a-MSH, a-melanocyte-snmulaung hormone; LPS,
lipopolysaccharide; mAb, monoclonal antibody.
*To whom reprint requests should be addressed.



Neurobiology: Sundar et al.

columns (1 X 40 cm) at a flow rate of 1 ml/min, and the gel was
equilibrated with eluting RPMI 1640 medium containing 25
mM Hepes buffer and 5 X 10~° M 2-mercaptoethanol. Column
preparation and fractionation were carried out under sterile
conditions in a laminar flow hood. Three hundred microliters
of supernatant was loaded onto a column and fractions (one
fraction per min) were collected at a flow rate of 1 ml/min.
Columns were calibrated using a calibration kit that consisted
of substances of known molecular weights (Sigma). Fractions
were tested, in triplicate, for IL-1 bioactivity in the thymocyte
comitogenic assay as described below.

Thymus was collected from 4- to 6-week-old, endotoxin-
resistant C3H/HeJ mice (The Jackson Laboratory), and thy-
mocytes were prepared by mincing the tissues between two
sterile glass slides. The thymocytes were resuspended at a
concentration of 10 X 10° cells per ml in RPMI 1640 medium
containing 5% heat-inactivated fetal bovine serum and phyto-
hemagglutinin (PHA) (1 pg/ml). To each well of 96-well
U-bottomed microtiter plates (Flow Laboratories) 100 ul of
PHA-treated thymocytes and 100 ul of each fraction were
added. After incubation for 68 hr at 37°C, 1 uCi of radioactive
thymidine (1 Ci = 37 GBq) (NEN) was added to each well, and
plates were incubated for an additional 4 hr. The cultures were
then harvested onto glass fiber filters and incorporation of
(*Hlthymidine was determined in a scintillation counter.

Immunological and Plasma Steroid Assays. For certain ex-
periments, a blood sample was drawn by cardiac puncture
before perfusion and/or the spleen was removed after clamp-
ing the splenic artery. Mononuclear cells were separated on
Ficoll/Hypaque density gradients. Viable lymphocytes were
determined by trypan blue dye exclusion. Natural killer (NK)
cell activity was determined by the method of Reynolds et al.
(23). To determine lymphocyte response to a mitogen, 0.1-ml
aliquots of lymphocyte suspension [2 X 10° cells per ml in
RPMI 1640 medium containing 10% (vol/vol) heat-inactivated
fetal calf serum] were mixed with Con A at 10 pg/ml. After 3
days, 1 uCi of [*H]thymidine was added for 4 hr, cells were
then harvested, and the amount of incorporated [*H]thymidine
was determined. Plasma corticosterone was measured as
described by Naylor et al. (24).

Statistical Analysis. The criterion for positive IL-1 activity
was that stimulation of thymocytes (counts of 3H radioac-
tivity) in one or more of fractions 11-16 had to be at least
twice the highest counts found in any of the first six fractions
(which eluted prior to void volume) and the PHA-alone
control. (The highest value of the first six fractions and the
PHA-alone control is therefore referred to as the baseline.)
Tests for significant differences between groups were con-
ducted by ¢ tests or by Fisher’s exact probability.

RESULTS

The initial study determined the effects of infusing (via ind-
welling lateral ventricle cannula) different doses of recombi-
nant glycosated gp120 (III B; American Bio-Technologies,
Cambridge, MA) and sacrificing animals at different intervals
after infusion. The gp120 used was secreted by an sf9 insect
cell line and was then highly purified by antibody affinity
chromatography before placement in phosphate-buffered sa-
line vehicle at a concentration of 100 ng/ul; this concentration
was used for all infusions. Three experiments (2 = 12 in each)
were conducted. In the first, animals were infused with 4 ug
of gp120 (or 0.9% saline as control) and were sacrificed 2, 6,
or 24 hr after infusion (at each time point, three animals were
infused with gp120 and one was infused with saline). In each
of two subsequent experiments, animals were infused with 100
ng (n = 4) or 1.0 ug (n = 4) of gp120, or with 0.9% saline (n
= 4) and were sacrificed 2 hr postinfusion (second experiment)
or 6 hr postinfusion (third experiment). Infusions were carried
out so that animals were sacrificed between 8:00 a.m. and
10:00 a.m.
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Fig. 1 shows effects on plasma corticosterone concentra-
tion and NK cell activity. Infusion of gp120 elevated plasma
corticosterone, with the most consistent effect being seen at
the earliest time point (2 hr) after infusion. The duration of
effects decreased as the dose of gpl120 given was reduced.
NK cell activity was decreased in lymphocytes taken from
both blood and spleen 2 hr postinfusion and was decreased in
blood lymphocytes at 6 hr. When the mitogenic response to
Con A was also measured (6 hr postinfusion experiment), this
was significantly reduced in blood lymphocytes of animals
infused with 1.0 ug of gp120 (data not shown).

Fig. 2 (Top) demonstrates detection of IL-1 activity in the
thymocyte assay after fractionation. Fig. 2 (Botrom) shows
results from analysis of six animals whose brain tissue was
fractionated on the same day and assayed together using the
same pooled thymocytes; IL-1 activity was clearly evident in
animals infused with 1 ug of gp120. In this initial study, a total
of 28 brains were analyzed (8 saline infused and 20 gpl120
infused); IL-1 was detected in 11 gp120 infused vs. 1 saline
infused (P < 0.05 by Fisher’s exact test). With respect to IL-1
detection, neither a clear time-response nor dose-response
was seen after intraventricular gp120: for animals sacrificed 2,
6, and 24 hr after infusion, number of animals that were IL-1
positive/number of animals assayed was 5/10, 4/7, and 2/3,
respectively; for the doses of 100, 1, and 4 ug, the numbers
were 3/6, 3/5, and 5/9, respectively.

Blockade by a-Melanocyte-Stimulating Hormone (a-MSH).
a-MSH blocks many of the biological actions of IL-1, in-
cluding elevation of plasma steroid concentration and sup-
pression of cellular immune responses produced by IL-1 in
brain (25-28). To determine whether elevated steroids and
suppressed cellular immune responses after introduction of
gp120 into brain resulted from elevated IL-1, «-MSH (20 ng)
was infused together with gp120. Since a-MSH does not
interfere with synthesis of IL-1 (25), the brains of all animals
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FiG. 1. (Upper) Mean (+ SE) plasma corticosterone concentra-
tion in animals infused with various doses of gp120 and measured 2,
6, and 24 hr after infusion. Results are combined from three exper-
iments; n = 9(vehicle),n =92 hr),n =9 (6 hr), n = 3 (24 hr). (Lower)
NK activity of animals sacrificed 2 hr (» = 4 per group) and 6 hr (n
= 4 per group) after gp120 infusion. Results with an effector/target
cell ratio of 100:1 are shown; other effector/target cell ratios (not
shown) yielded similar results. [Note: 2 and 6 hr post-gp120 each
represents a separate experiment in which all data shown were
obtained in the same assay; since the 4-ug dose was used in a separate
(third) experiment, these data do not readily combine with the results
shown above and therefore the NK response to 4 ug is not shown.]
=, Significantly different from vehicle infused (at least P < 0.05).
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F1G. 2. (Top) Verification of the thymocyte stimulation assay for
detection of IL-1. (Left) Fetal calf serum (0.5 ml) with and without
IL-1 was fractionated on a Sephadex 50 column and fractions were
then tested for the ability to stimulate thymocytes. (Right) Results
from fractionation of brain tissue are shown. A marked response
occurs from exogenous or endogenous IL-1 (stimulated by LPS), the
peak responses evident in the fourth to sixth fraction after the void
volume (arrow). The Sephadex column used for fractionation of brain
tissue was 5 cm shorter than that used to fractionate fetal calf serum,
which accounts for the earlier appearance of void volume (deter-
mined by exclusion of dextran blue dye) in brain fractions. (Middle
and Bottom) Response of brain extracts from six animals infused
(into the lateral ventricle) with vehicle (n = 2), 100 ng of gp120 (n =
2), and 1.0 ug of gp120 (» = 2), and then sacrificed 2 hr later. Brain
tissue of the six animals was fractionated on the same day and
thymocyte stimulation using the same pooled thymocytes was initi-
ated on that day. Thymocyte stimulation corresponding to IL-1
activity is evident in both animals infused with 1.0 ug; also, a less
pronounced response was seen in one animal infused with 100 ng.

in this study that were infused with gp120 were assayed for
IL-1. The findings are shown in Fig. 3. When animals were
infused with gp120 (2 or 4 ug) via indwelling ventricular
cannula and sacrificed 2.5 hr after infusion, 12 of 20 animals
were positive for IL-1, a similar percentage as found in the
initial study. Plasma steroid concentration was markedly
elevated and NK cell activity of blood lymphocytes was
reduced in animals infused with gp120 in which IL-1 activity
was detected in brain. Infusion of a-MSH together with gp120
blocked both the steroid elevation and the reduced NK
activity of animals whose brains were positive for IL-1.
Infusion of a-MSH and 0.9% saline was without effect.
Intravenous Infusion with gp120. To determine whether
gp120, even though infused into the lateral ventricle, might
have influenced IL-1 in brain through action in the periphery,
gp120 was infused intravenously (i.v. via tail vein). gp120 (4
pg; infused over 15 min) was given to five halothane-
anesthetized animals and the subjects were sacrificed 2.5 hr
later. IL-1 was not detected in any of the five brains. Blood
(0.3-ml aliquot) was also fractionated and was negative for
IL-1 activity in all cases except one in which a single fraction
showed a positive response. In comparison to i.v. saline-
infused animals (n = 3), plasma steroids were not elevated
(gp120-infused, mean + SEM = 14.1 * 2.4 ug/dl; saline-
infused, mean = SEM = 18.7 + 1.1 ug/dl). These results
indicate that induction of IL-1 in brain by infusion of gp120
was not due to the effects of gp120 on peripheral or blood
cells. i.v. gp120 did cause some effects, however. In all
subjects, a lysate of spleen cells showed IL-1 activity,
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F1G. 3. (Upper) Plasma corticosterone concentration and (Low-
er) Blood NK cell activity (mean + SE) for animals infused with
gp120, gpl20 + a-MSH, a-MSH alone, or saline (0.9%) when
sacrificed 2.5 hr after infusion. For gp120-infused animals, subjects
are divided into those in which IL-1 was detected in brain and those
in which it was not detected; number of subjects in the various groups
is indicated below the bars. Amount of gp120 infused was 2 ug (first
replication) and 4 ug (second and third replications); 20 ng of a-MSH
was given in all cases. Effector/target cell ratio shown for NK cell
activity is 100:1. *, Significantly different from each of the other
groups (at least P < 0.05).

although the response was uniformly weak (i.e., the counts in
one or two of the appropriate fractions was only slightly more
than twice the baseline). Also, blood NK cell activity was
reduced [e.g., percentage lysis (effector/target cell ratio,
200:1) for gp120 infused was 28.7 + 4.4 vs. saline-infused was
53.2 £ 2.5;t=3.6; P < 0.01].

Potential Confounding Issues: Indwelling Cannulation and
Lipopolysaccharide (LPS) Contamination of gp120 Solution.
Two potential confounding issues were addressed in over-
lapping experiments. First, it has been hypothesized that
contact with blood induces expression of the CD4 antigen in
brain microglia (29). Increased expression of the CD4 antigen
in microglia was reported 3 days after disruption of the
blood-brain barrier, with peak antigen expression seen after
5 days. Consequently, implantation of an indwelling cannula,
which would expose adjacent cells to blood, may have
increased CD4 expression in these cells 4-6 days later when
gp120 was infused, thereby enabling gp120 to induce IL-1. To
determine whether a surgical implantation 4—6 days prior to
infusion enabled gp120 to induce IL-1, animals were infused
with gp120 (i.c.v., 4 ug) while they were in the stereotaxic
instrument immediately after the cannula was positioned.
The animals were then sacrificed 2.5 hr later. Of six animals
tested, IL-1 activity was detected in the brains of five. Thus,
inadvertent exposure of brain cells to blood several days
before gp120 infusion to induce CD4 antigen expression does
not account for induction of IL-1 in brain by gp120.

Contamination by LPS. Second, since LPS is a potent
stimulator of IL-1, it was necessary to determine whether
contaminating LPS in gp120 solution was responsible for IL-1
activity in brain. Wahl et al. (2) reported that gp120 stimu-
lated release of IL-1 from human blood monocytes in vitro;
this finding was an important stimulus for the present study.
However, Molina et al. (30) reported that this effect appeared
to depend on the presence of LPS in the gp120 solution. The
gp120 used in studies described here is secreted from an sf9
insect cell line so that its generation involves neither lysis of
cells nor serum, which is a potential source of LPS; also, after
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purification of the gp120 under sterile conditions by immu-
noaffinity chromatography, no LPS was detectable by limu-
lus assay. Nevertheless, additional experiments were con-
ducted to examine this issue.

First, the ability of heat-treated (A) gpl20 solution to
induce IL-1 from macrophages in vitro was assessed. Initial
studies indicated that heating (80°C-90°C for 30 min) ren-
dered gp120 unable to induce IL-1 in the brain. However,
heating has been reported not to affect the ability of LPS to
stimulate IL-1 (31); therefore, the possible presence of LPS
could be assessed by determining whether Agp120 solution
would stimulate IL-1. Macrophages were collected by peri-
toneal lavage of thioglycolate-injected rats and incubated in
vitro with various concentrations of LPS (1.0, 0.1, 0.001, and
0.0001 ug/ml), the same concentrations of ALPS, and Agp120
solution (40 ul, the largest amount used in these studies, and
80 ul, twice the largest amount). After 48 hr, the presence of
IL-1 in macrophage supernatant was tested for IL-1 in the
thymocyte stimulation assay. LPS potently activated IL-1 in
macrophages in vitro in a dose-dependent manner. Equiva-
lent thymocyte stimulation was produced by ALPS, thus
confirming that heating of LPS did not diminish its ability to
activate IL-1. Of most interest, the Agp120 solution was not
devoid of activity in this assay, although the activity pro-
duced was quite low, being less than that produced by the
lowest concentration of LPS used in this study. A regression
analysis using the thymocyte stimulation produced by differ-
ent concentrations of LPS indicated that the Agp120 solution
produced stimulation equivalent to 1 pg of LPS per ul. (It
needs to be clearly noted, however, that the ability of Agp120
solution to induce IL-1 in macrophages in vitro does not mean
that LPS was responsible for this induction; Agp120 peptide
could be capable of stimulating IL-1 in macrophages.)

Based on the foregoing, animals were infused with Agp120;
this was done via a chronic indwelling cannula as well as
acutely. In addition, low doses of LPS equivalent to (or
twice) the LPS concentration that the previous in vitro study
indicated would account for the thymocyte stimulation of
Agp120 solution were also infused. No IL-1 was detected in
11 animals after infusion of Agpl120 acutely (» = 6) or via
chronic cannula (n = 5); this compares with IL-1 detected in
a total of 33 of 54 brains from animals infused with gp120
[difference in percentage of animals that were IL-1 positive
when infused with gp120 vs. Agp120 is statistically significant
(P < 0.001 by Fisher’s exact test)]. Also, no IL-1 activity was
detected in brains of any of six animals infused with low doses
of LPS [4 with 40 pg (i.e., equivalent to 1 pg/ul in a 40-ul
infusion) and 2 with 80 pg].

IL-1 Stimulation by gp120 in Brains of LPS-Resistant
C3H/HeJ Mice. As a second test of whether induction of IL-1
in brain by gp120 might be caused by LPS, gp120 was infused
into endotoxin-resistant C3H/HeJ mice. C3H/HeJ mice are
resistant to effects of bacterial LPS; therefore, any residual
LPS in the gp120 solution would be less likely to induce IL-1
in these animals. Immediately after anesthesia with pento-
barbital (25 mg/kg), C3H/HeJ mice were placed into the
stereotaxic instrument and 0.5 ug (5 ul) of gp120 was infused
directly into the hippocampal region. Two and one-half hours
later, animals were perfused and the brain tissue surrounding
the infusion site (=60 mg) was analyzed for IL-1 activity. IL-1
activity was detected in five of six animals infused with
gp120. IL-1 activity was not detected in any of six animals
infused with Agp120. Also, no activity was detected in two
animals infused with a large amount (500 pg) of LPS, con-
firming that this particular strain is resistant to LPS.

In summary, endotoxin does not appear to be responsible
for the induction of IL-1 by gp120 in these studies. Neither
heat-treated gp120 solution nor trace amounts of LPS was
found to induce IL-1 in brain in vivo, and the gp120 also
induced IL-1 in the brain of LPS-resistant mice.
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Direct Injection of gp120 into Brain Tissue. gpl120 was
injected directly (by acute procedure) into the dorsal hippo-
campus of five rats [coordinates: (flat skull) posterior, 5.0 mm
(from bregma); lateral, 2.5 mm; depth (from top of skull), 4.0
mm). The hippocampus was chosen based on studies showing
a high concentration of IL-1 receptors in this brain region
(32-34). For this procedure, a smaller amount of gp120 [0.5
18 (5.0 ul) infused over 10 min] was given than was typically
used for i.c.v. infusion. Two animals were similarly infused
with an equal amount of Agpl20. Two and one-half hours
after completion of the infusion, each animal was perfused,
and a unilateral (side of infusion) segment of dorsal hippo-
campus (50-60 mg) was analyzed for IL-1 activity. IL-1
activity was detected in all five animals infused with gp120;
no activity was detected in the hippocampal region of the two
animals injected with Agp120.

Blocking of gp120-Induced IL-1 Activity by Antibody to IL-1
Receptor. To further determine that the activity observed in
the thymocyte stimulation assay was due to IL-1, experiments
examined whether a monoclonal antibody (mAb) to mouse
IL-1 receptor would block the thymocyte stimulation pro-
duced by cell lysate from gp120-infused brain. mAb specific to
types 1 and 2 mouse IL-1 receptors was used (Genzyme). At
a concentration of 10 ug/ml, mAb blocked the thymocyte
stimulation produced in vitro by human recombinant IL-18
{I*Hlthymidine incorporation expressed as percentage of base-
line radioactivity (i.e., PHA alone); 625 pg of IL-1 = 2173% vs.
mAb + 625 pg of IL-1 = 188%; 62.5 pg of IL-1 = 493% vs. mAb
+ 62.5 pg of IL-1 = 99%}. The addition of this antibody did not
interfere with the assay; this was shown by testing responsiv-
ity of thymocytes to IL-2. Maximal thymocyte stimulation was
achieved by 20 ng of IL-2 (95 X 10°% of PHA alone), and this
response was undiminished in the presence of 10 ug of mAb
per ml (118 X 10°% of PHA alone). Six animals were then
infused with gp120: two rats with 4 ug i.c.v. (acute cannula-
tion) and two rats and two C3H/HeJ LPS-resistant mice with
0.5 ug injected into the hippocampus. Brain tissue (brainstem
plus diencephalon for i.c.v. infused and =60 mg of hippoc-
ampal region tissue for injections) was removed from perfused
animals 2.5 hr later, after which brain cell lysate was fraction-
ated and tested for IL-1 activity as described. The results
shown in Fig. 4 revealed that IL-1 activity, present in five of
the six animals, was blocked by mAb to IL-1 receptor, thereby
indicating that thymocyte stimulation in gp120-infused brain
was due to IL-1.
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FiG. 4. Thymocyte stimulation (cpm of [*Hlthymidine) of the
Sephadex column fraction that showed the highest activity in this
experiment (fraction 12) and activity of the same fraction incubated
with antibody to IL-1 receptor (mAb). Brain tissue was removed for
fractionation 2.5 hr after infusion of 4 ug of gp120 into the lateral
ventricle [rat (R) 1 and 2], injection of 0.5 ug of gpl20 into rat
hippocampus (R3 and R4), or injection of 0.5 ug of gpl20 into
hippocampus of LPS-resistant C3H/HeJ mice (M1 and M2). The
baseline for each animal is the highest value observed in the first six
fractions of PHA alone. *, Response reaches criterion for IL-]
activity; i.e., twice baseline value.
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DISCUSSION

IL-1 has been detected in the cerebrospinal fluid of HIV-
infected individuals (35); its presence was noted in 58% of the
patients tested. Elevated activity of the P-A axis, marked by
increased plasma concentration of both corticotropin and
cortisol, has been reported in early-stage HIV infection
(stages CDC II and III) (36). The present study indicates that
gp120 induces IL-1 in brain, which raises the possibility that
elevated IL-1 in brain and increased activity of the P-A axis
in HIV-positive individuals are, at least in part, a conse-
quence of gp120 actions in the brain.

The initial studies described here did not show a dose-
response relationship between the amount of gp120 that was
infused and whether IL-1 was detected in the brain or not. In
these experiments, a similar percentage of animals were
positive for IL-1 in brain after infusion with either 100 ng, 1.0
ug, or 4.0 ug of gpl20 (=60% of animals at each dose).
Interestingly, roughly the same percentage of HIV-infected
patients (almost all with fully developed AIDS) were positive
for IL-1 in cerebrospinal fluid (35). These results suggest that
individual differences in some variable as yet unknown are
more critical in determining whether a subject will elaborate
IL-1 in brain in response to gp120 than is the amount of gp120
in the brain. On the other hand, subsequent experiments
reported in this paper suggest another possibility for the
present studies. When gp120 was infused acutely (rather than
via a previously implanted cannula), 86% of the rats were
IL-1 positive, and when gp120 was injected directly into the
hippocampus, 100% of animals were positive despite the
infusion of a lower dose (0.5 ug) than those used in most of
the studies with i.c.v. infusion. This suggests the following:
when gp120 is injected into the ventricular system, it stimu-
lates IL-1 poorly, whereas gp120 is much more effective if it
reaches tissue outside the ventricle. Thus, absence of a
dose-response relationship in the initial studies may have
been due to the vagaries of cannula placement; the ability of
gp120 to stimulate IL-1 may have depended on whether the
gp120 was delivered totally within the ventricular system or
gained access to adjacent tissue by leakage around the
cannula shaft or positioning of the cannula tip so that it was
partially outside the ventricle. gp120 delivered directly into
brain tissue might induce IL-1 more effectively simply be-
cause the concentration of gp120 in contact with brain cells
is higher than occurs when gp120 is diluted by infusion in the
ventricular system; these questions remain to be examined.

Induction of IL-1 in the brain by gp120 could be involved in
the pathogenesis of AIDS in a number of ways. First, IL-1 in
the brain suppresses various cellular immune responses,
which might well render infected individuals susceptible to
opportunistic infections. Activation of T-helper cells in re-
sponse to these infections will activate latent HIV infection,
which will, in turn, hasten depletion of CD4* cells by lysis.
Second, HIV infection causes pathological changes in the
brain, resulting in psychological and behavioral disturbances
(e.g., AIDS dementia). IL-1 acting in brain markedly stimu-
lates the P-A axis, and elevated plasma steroids appear to be
neurotoxic, especially when acting in concert with other
neurotoxic agents (37). Interestingly, a prime target for this
neurotoxicity is the hippocampus, an important brain region
involved in memory and cognition, which has a large concen-
tration of receptors that bind glucocorticoids (38—40). Whether
such brain changes are significant in HIV-infected individuals
remains to be seen since the most common neuropathological
features seen in HIV infections are abnormalities of white
matter and subcortical structures without loss of neurons;
however, these abnormalities do not appear to explain the
wide range of psychopathology that has been observed in
HIV-infected individuals (e.g., see refs. 1 and 41).
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