be a considerable challenge. A recent
study indicating the presence of HTLV-
III in brain tissue of AIDS patients (32)
further links this virus with lentiviruses
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HTLV-III Infection in Brains of Children and
Adults with AIDS Encephalopathy

Abstract. Unexplained debilitating dementia or encephalopathy occurs frequently
in adults and children with the acquired immune deficiency syndrome (AIDS). Brains
from 15 individuals with AIDS and encephalopathy were examined by Southern
analysis and in situ hybridization for the presence of human T-cell leukemia
(lymphotropic) virus type ITI (HTLV-III), the virus believed to be the causative agent
of AIDS. HTLV-III DNA was detected in the brains of five patients, and viral-
specific RNA was detected in four of these. In view of these findings dnd the recent
demonstration of morphologic and genetic relatedness between HTLV-III and visna
virus, a lentivirus that causes a chronic degenerative neurologic disease in sheep,
HTLV-III should be evaluated further as a possible cause of AIDS encephalopathy.

The acquired immune deficiency syn-
drome, or AIDS, is frequently compli-
cated by central nervous system (CNS)
dysfunction (/-5). In some patients, this
is due to well-defined focal lesions in the
brain such as those resulting from toxo-
plasmosis or lymphoma. However, far
more common than these focal distur-
bances is the development of a more
generalized encephalopathy that in-
cludes dementia as a dominant feature
(1, 2). Indeed, many adult AIDS patients
eventually develop this encephalopathy
which characteristically begins with im-
paired concentration and mild memory
loss and progresses to severe global cog-
nitive impairment. Motor signs, includ-
ing generalized hyperreflexia and in-
creased tone may accompany the de-

mentia, and some patients develop a
spastic-ataxic gait or frank paraparesis.
These neurological symptoms and signs
usually progress over a course of several
weeks to months (/, 2). In children with
AIDS, a similar constellation of neuro-
logic abnormalities occurs (3). Although
the prevalence of dementia or other un-
explained generalized CNS abnormali-
ties in AIDS is uncertain, it is believed to
occur to some degree in a substantial
number, if not the majority, of patients
(1-5).

The histopathological substrate of
AIDS encephalopathy has not been de-
fined. Gross cerebral atrophy and scat-
tered microglial nodules consisting of
aggregates of microglia and astrocytes
are the most common findings in these
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patients but are not present in every case
(1, 2). Disseminated infection of brain by
cytomegalovirus has been found in a
minority of affected individuals (I, 2).

It is now generally accepted that a
newly discovered human retrovirus, hu-
man T-cell leukemia (lymphotropic) vi-
rus type III (HTLV-III), is the causative
agent of AIDS (6-8). HTLV-III pos-
sesses a variety of biological and physi-
cochemical properties in common with
HTLYV types I and II, among which are
distant nucleic acid similarities and a
striking tropism for T lymphocytes (6, 9,
10). However, recent studies (/1) indi-
cate that the genome of HTLV-III is
more closely related to visna virus, a
lentivirus that causes a chronic degener-
ative neurologic disease in sheep (12),
than it is to HTLV-I or HTLV-II (9).
Because of the frequency of unexplained
dementia or encephalopathy observed in
patients with AIDS and because brain
cells and T lymphocytes are known to
share common cell surface antigens (13-
16), we examined the brains of 15 AIDS
patients for evidence of HTLV-III infec-
tion. This report shows that in five of
these patients HTLV-III sequences were
detectable in the brain.

Table 1 summarizes the clinical and
pathological characteristics of the 15
AIDS patients. These patients were
studied because they had evidence of
dementia or encephalopathy before
death. Their neuropathological findings
were variable in nature and degree and
included histologically normal brains,
mild to severe microglial nodules, vacuo-
lar myelopathy, and cytomegalovirus or
Toxoplasma gondii infections. As shown
here and elsewhere (I, 2), histologic ab-
normalities were not consistently corre-
lated with the presence or degree of
dementia in these patients.

We examined, by Southern blot hy-
bridization, DNA samples obtained from
the cerebral cortex (containing both grey
and white matter) of each of the 15
patients.
were detected in five of them (patients 1,
2, 3, 4, and 5), as shown in Table 1 and
Fig. 1. HTLV-III was not detected in the
brains of the other ten AIDS patients or
in four other control patients who were
either healthy or suffered from Alz-
heimer’s disease (Fig. 1) (17). In each of
the five positive brain samples, the re-
striction-enzyme Sst I generated one of
two different hybridization patterns. For
example, brain DNA from patients 1, 2,
3, and S contained HTLV-III sequences
that gave two bands of 5.5 kb and 3.5 kb
when digested with Sst I, whereas the
viral sequences in patient 4 generated a
single 9-kb band when digested with the
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HTLV-III DNA sequences.

same enzyme. These differences in re-
striction patterns result from restriction
site polymorphisms and correspond to
two highly related but distinct forms of
HTLV-III which are similar to ones we
previously identified, cloned, and char-
acterized (9, 18). Both of these forms of
the virus were also evident in DNA from
the T-cell line H9/HTLV-III (9, 18),
which was included in this experiment as
a positive control (Fig. 1, lane j). The
DNA samples were also digested with
Bgl II and Hind III. These restriction
enzymes generated many of the same
bands found in other HTLV-III isolates
(18, 19) as well as other bands that were
different (for example, see the Hind III
digestion of H9/HTLV-III DNA com-
pared to brain DNA in Fig. 2). These
findings showing different but highly re-

kb
23—

lated forms of HTLV-III in brain are in
keeping with our previous demonstration
that diversity in the viral genome is a
characteristic feature of HTLV-III (18-
20).

To estimate the relative abundance of
HTLV-III DNA sequences present in
brain compared to other body tissues,
we examined DNA from spleen, lymph
node, liver, lung, and brain of one pa-
tient (Fig. 2). As shown, very small
amounts of viral DNA were detectable in
DNA from lymph node and spleen, and
the sizes of the bands, as expected,
corresponded exactly to those generated
by the same restriction enzyme digestion
of brain DNA from this patient (see Fig.
1, lane a). When the same amount of
DNA from brain and the other tissues
from this patient were compared direct-

Fig. 1. Southern blot
analysis of brain
DNA from patients
with AIDS. High
molecular weight
DNA was extracted,
digested with Sst I,
and blot-hybridized to
an HTLV-III-specific
probe as described
(30). Lane a, patient
3; lane b, patient 1;
lane ¢, patient 10;
lane d, patient 5; lane
e, patient 2; lane f,

patient 8; lane g, patient 9; lanes h and i, the parietal and occipital cortex, respectively, of
patient 4; lane j, HTLV-III-infected T-cell line (H9/HTLV-III) (9, 18). Not shown are the blot
hybridizations of brain DNA from patients 6 and 11 to 15, and from four non-AIDS control
individuals, all of which were negative. As shown, HTLV-III sequences were detected in brain
DNA from patients 1 to 5. Two Sst I patterns were evident (5.5 kb and 3.5 kb in lanes a, b, d,
and ¢ and 9 kb in lanes h and i) which, as discussed in the text, correspond to two
distinguishable but highly related forms of HTLV-III (9, /8). Both of these forms of the virus are
evident in the DNA from HY/HTLV-III cells shown in lane j.

HO/HTLV=I1I
Spleen
Lymph node
HO/HTLV-II
Lung

Liver

23.

Sst | Hind 111

Fig. 2. Detection of HTLV-III
DNA in brain and other tis-
sues from patient 3 (see Table
1 and lane a in Fig. 1). DNA
was extracted from brain,
spleen, lymph node, liver, and
lung, digested with the indicat-
ed restriction endonucleases,
and blot-hybridized as de-
scribed (30). DNA (30 ng)
from each tissue was used so
that the relative abundance of
HTLV-III DNA in each could
be ascertained. DNA (3 pg)
from the HY/HTLV-III cell
line was included as a positive
control [note that HY/HTLV-
IIT cells each contain many
HTLV-III molecules (9, 18)].
The Sst I blot (left) was ex-
posed to x-ray film for 7 days
whereas the Hind III blot
(right) was exposed for only 1
day. This blot hybridization
demonstrates that the abun-

Brain
Spleen

dance of HTLV-III was much greater in brain than in any of the other tissues from this patient.
It is also evident that the restriction pattern for Hind III is different in the HTLV-III isolate from
this patient compared with those forms present in H)/HTLV-III cells (see text for discussion).
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ly, it was apparent that brain was by far
the most heavily infected with HTLV-III
(Fig. 2).

We did not have the opportunity to
examine other tissues besides brain from
the remaining four positive cases in this
study. However, from Fig. 2 and from an
earlier survey of different lymphoid tis-
sues from AIDS patients (/8) we con-
clude that the abundance of HTLV-III in
these brains samples was generally
equivalent to, and sometimes greater
than, that found in other tissues includ-
ing peripheral blood, lymph node,
spleen, and bone marrow of other AIDS
and ARC patients.

To define further the nature of HTLV-
III infection in brain, we used in situ
hybridization to examine brain cells di-
rectly for viral-specific RNA. Frozen
sections of brain from 12 of the 15 pa-
tients already evaluated by Southern
analysis (Table 1 and Fig. 1) were exam-
ined in a coded fashion without knowl-
edge of the results of the blot-hybridiza-
tion. There was nearly complete agree-
ment between the results obtained by the
two techniques (Table 1). Four of five
specimens positive for HTLV-III by
Southern analysis were also positive by
in situ hybridization, indicating that the
HTLV-III genome was being expressed
in these tissues. Similarly, all seven
specimens negative for viral sequences
by Southern analysis were also scored

AW -7
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negative by in situ analysis. The discrep-
ancy between the results of the Southern
and in situ hybridizations in patient S
could have resulted from degradation of
RNA (which is more labile than DNA), a
lack of expression of the viral genome in
that sample, or the presence of virus in
one region of the cerebral cortex but not
others.

Figure 3, A and B, shows numerous
silver grains representing HTL V-III viral
RNA in the brain cells of two of the
AIDS patients. Such grains were not
present in brain from a control, non-
AIDS patient (Fig. 3D). As an additional
control, a probe lacking HTLV-III se-
quences was hybridized to sections of
brain from each of the 12 AIDS patients;
no positively hybridizing cells were
found (Fig. 3C). The specimens shown in
Fig. 3, A and C, were taken from a
region of the cerebral cortex of patient 3
immediately adjacent to that which was
used to make high molecular weight
DNA for Southern analysis (Fig. 1, lane
a). We estimate from both techniques
that from 1 to 10 percent of cells in this
specimen were infected with HTLV-III.

The specific type of brain cell infected
with HTLV-III could not be determined
from these studies, but it is clear that the
positive hybridization was not due to the
infiltration of brain by HTLV-III infect-
ed lymphocytes. We base this conclu-
sion on (i) the histologic characteristics

¥ »

’ §*
. & «i
¥

Fig. 3. Detection of HTLV-III viral RNA in the brains of AIDS patients by in situ hybridization.
Brain section from (A) patient 3, hybridized with HTLV-IlI-specific probe, (B) patient 4,
hybridized with HTLV-IIl-specific probe, (C) patient 3, hybridized with control phage \-
specific probe lacking HTLV-III sequences, and (D) non-AIDS (control) patient hybridized
with HTLV-IlI-specific probe. In situ hybridization was carried out as described (31).

Exposure, 2 days. Scale bar, 10 pm.
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of the brain samples used for the South-
ern and in situ hybridizations (lympho-
cytes were scant or absent in all but one
brain specimen), (ii) the cellular mor-
phology of the virally infected cells iden-
tified by in situ hybridization (nuclear
and cytoplasmic dimensions were not
those of lymphocytes), and (iii) the fact
that only very few lymphocytes in lymph
node, spleen, and peripheral blood (less
than one in ten) are infected with HTLV-
III at any one time [see Fig. 2 and (I8,
21)). Further studies with the use of in
situ hybridization and immunocyto-
chemical techniques are needed to deter-
mine the cell type or types infected with
HTLV-III, be they of neuronal, glial, or
macrophage lineage.

The true incidence of HTLV-III brain
infection in AIDS patients with encepha-
lopathy is not yet known. Nor is it
known whether HTLV-III brain infec-
tion may occur in patients with AIDS or
AIDS-related complex (ARC) without
encephalopathy. The brain specimens
used in this study were taken from differ-
ent cortical regions (for example, frontal,
parietal, or occipital lobes) and, except
for one patient (number 4), we were able
to examine only a single region of each
brain for HTLV-III sequences. Thus,
although HTLV-III was detected in fron-
tal (patient 2), parietal (patients 4 and 5),
and occipital (patients 1 and 4) lobes, it is
possible that viral infection could have
been anatomically restricted at certain
points in the disease course in some of
the patients studied and thus were not
detected by our limited sampling. More-
over, a number of brain specimens had
been less than optimally preserved, so it
is possible that low-level infection with
HTLV-III could have gone undetected.
Thus the cellular and anatomic distribu-
tion of the virus, its histopathological
correlate, and its relation to the patients’
clinical signs and symptoms, if any, re-
main to be determined.

Our finding of HTLV-III in brains of 5
out of 15 AIDS patients (33 percent) is
comparable to results in lymphoid tis-
sues examined by the same Southern
blot technique (/8). Moreover, the abun-
dance of HTLV-III DNA in brain ap-
pears to be equal to, and sometimes
greater than, that in lymphoid tissues
(Fig. 2) (18). We have also observed that
the relative abundance of HTLV-III
RNA per cell as determined by in situ
hybridization is generally greater in brain
than in lymph node, peripheral blood, or
bone marrow (21).

The finding of HTLV-III DNA and
RNA in brain indicates that not only is
the virus present in this tissue compart-
ment but that it is being expressed there.
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Furthermore, we have shown, by using
restriction enzymes that cleave the viral
genome only once or not at all, that in
brain, as in other tissues (/8), HTLV-III
DNA occurs in substantial amounts in
both chromosomally integrated and un-
integrated forms (/7). Since unintegrated
DNA represents a replicative intermedi-
ate stage in the life cycle of retroviruses,
this finding suggests that HTLV-III is
actively replicating in the brains of these
AIDS patients.

The finding of HTLV-III in brain and
its apparent enrichment there is of con-
siderable interest aside from its possible
clinical implications. Certain surface
antigens, such as Thy-1 (I13-16), occur
on both T lymphocytes and brain cells.
The question of whether there are other
shared antigens between lymphocytes
and brain cells, both neuronal and glial,
is controversial (15, 16, 22-24). It is
possible that the dual tissue tropism of
HTLV-III is the result of similarities in
surface membrane determinants of T
lymphocytes and certain brain cells, and
the characterization of such common vi-
ral receptors on these cells could define
further their antigenic relatedness.

This apparent tropism for brain by a
retrovirus is not without precedence.
Certain strains of murine leukemia virus
induce both lymphoma and neurologic
disease in wild mice (25). These animals
experience a slowly progressive paralyt-
ic disease characterized pathologically
by spongiform degeneration of the gray
matter, particularly in the anterior horns
of the spinal cord. As in AIDS encepha-
lopathy, there is a characteristic absence
of inflammatory reaction in the involved
neural tissue.

Another retrovirus, visna, causes a
chronic degenerative CNS disease in
sheep (12). Like HTLV-III, visna virus
infects both brain and lymphocytes (12),
has pronounced cytopathic activity (26),
has morphologic and genetic similarities
with HTLV-III (1), and persists in cells
in substantial amounts as unintegrated
viral DNA (27). This last property is very
unusual for retroviruses and is a particu-
lar feature of HTLV-III and other cyto-
pathic retroviruses (I8, 28). Unlike the
noninflammatory lesions described in
AIDS encephalopathy, the CNS disease
resulting from visna virus is associated
with an intense mononuclear cell inflam-
matory response (29). This difference
between the histopathologic characteris-
tics of visna infection and that of AIDS
encephalopathy, however, must be con-
sidered in light of the profound cellular
immunodeficiency that occurs in pa-
tients with AIDS but not in animals
infected with visna virus.

11 JANUARY 1985

Our results indicate that HTLV-III, in
addition to its role in causing the immune
deficiency of AIDS (6-8), may also have
a role in the pathogenesis of AIDS
encephalopathy. It will be important to
determine which CNS cell types are in-
fected with HTLV-III and how the virus
affects these cells in vitro and in vivo.
Finally, in attempting to develop thera-
peutic agents for the treatment of AIDS,
investigators will now have to allow for
the presence of HTLV-III within the
sanctuary of the CNS.
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Targeted Modulation of Acute Inflammation

Abstract. Localized inflammation of the lungs was induced with the neutrophil
chemoattractant, N-formylmethionylleucylphenylalanine (FMLP) in combination
with magnetically responsive albumin microspheres, a drug carrier that provides
efficient, extremely rapid localization in tissue. Intravenous targeting to rat lungs
was accomplished by means of an external thoracic magnet. This caused progressive
local accumulation of neutrophils, extravascular cell migration, and acute tissue
injury. Microscopic findings favored chemotaxis as the principal mechanism of cell
accumulation. This system provides a new experimental model for acute alveolar
damage, a rapid in vivo assay for drugs that modulate neutrophil chemotaxis, and a
new therapeutic approach to focusing inflammation in patients with chemotactic

defects.

Targeted modulation of acute inflam-
mation requires the combination of a
potent neutrophil attractant and a drug
carrier that provides efficient intravas-
cular targeting, rapid carrier transport
across vascular endothelium, and con-
trolled drug release within tissues. The
neutrophil chemotactic peptide, N-for-
mylmethionylleucylphenylalanine (FMLP)
is an ideal local biomodulator because of
its high affinity of binding to specific
neutrophil receptors and its chemical

stability (/, 2). However, it is also ex-
tremely toxic or lethal when adminis-
tered in a freely circulating form. This
limits the choice of carriers to ones that
encapsulate the biomodulator (prevent-
ing intravascular availability) and be-
come localized within several minutes of
injection. The only carrier that has both
of these properties is the magnetically
responsive albumin microsphere (3).
Such spheres localize up to 80 percent of
entrapped drug in target tissues when

Table 1. Neutrophil accumulation in rat target tissues after intravenous injection of saline or
microspheres.

Minutes Mag- Neutrophils
Treatment after ne% per X50
injection field*
Spleen
Saline 70 - 46.6 = 6.0t
Placebo spheres (20 mg/kg) 70 - 49.2 £ 5.2%
FMLP spheres (spheres, 20 mg/kg; FMLP, 47.6 pg/kg) 5 - 49.0 = 4.01
20 - 92.6 *+ 14.0%
40 - 164.0 = 17.0%
70 - 254.4 + 18.2%
Lung
Saline 70 + 43.4 = 4.6t
Placebo spheres (6.6 mg/kf) 70 + 40.8 + 3.8
FMLP spheres (spheres, 6.6 mg/kg; FMLP, 15.7 pg/kg) 70 - 48.0 = 4.7t
5 + 42.4 £ 441
20 + 74.5 = 7.7%
40 + 122.5 + 12.9%
70 + 163.8 + 13.5%

*x 50 fields are 800 X 500 wm in area and 5 wm thick; n = 5. Data are reported as mean * 1 standard
deviation. $Groups do not differ at P = 0.05 (Newman-Keuls multiple comparison test). +Each group
differs significantly from all others of the respective target tissue at P < 0.001 (Newman-Keuls multiple
comparison test).

182

captured with an 8000-gauss magnetic
field (3, 4).

FMLP spheres were prepared by
emulsifying an aqueous mixture of the
chemoattractant, human serum albumin,
and fluidic magnetite (Fe;0,) in cotton-
seed oil; sonicating to produce particles
smaller than 1 wm; and heating at 135°C
to obtain controlled FMLP release (5, 6).
The efficiency of peptide entrapment
was 11 percent, and the resulting FMLP
and magnetite contents were 0.65 and 20
percent (by weight), respectively. The
preparation had a mean particle diameter
of 612 nm and a shelf life of more than 1
year. The half-time for release in vitro of
PHIFMLP was 20 minutes (6, 7). This
was optimal for triggering acute tissue
changes. All of the FMLP released be-
tween 0 and 24 hours was biologically
active, as evaluated by neutrophil chemi-
luminescence assays (8, 9).

An initial bioassay was performed in
vivo, without magnetic targeting, by in-
jecting FMLP spheres (20 mg/kg) intra-
venously into Sprague-Dawley rats.
Spheres localized spontaneously in the
spleens, and targeting was maximal iso-
topically in 5 minutes. This was followed
by a progressive local accumulation of
neutrophils (Table 1). On the basis of
these results, a targeted bioassay was
designed to test if a lower dose of FMLP
spheres (6.6 mg/kg) could be magnetical-
ly localized to produce inflammation in a
nonreticuloendothelial organ, namely,
lung. The dose was selected to produce
lung concentrations of total (entrapped
plus free) FMLP in the range of
2.9 X 107%M [which induced a 75 per-
cent maximal chemiluminescence re-
sponse in vitro (9)] and concomitantly to
maintain plasma concentrations of free
FMLP at levels of 1.9 x 1078M (which
induced <10 percent of maximal chemi-
luminescence). Spheres were injected in-
travenously and captured in the right
lung with a 5500-gauss gradient (300
gauss per 0.1 cm) magnetic field oriented
perpendicular to the right lateral thorax.
Lungs were removed 0 to 70 minutes
later, and histologic sections were
stained by a newly devised method that
allows both neutrophil esterase (/0) and
microsphere magnetite iron (//) to be
visualized in the same tissue section.

Localization of [P H]FMLP spheres oc-
curred during the first circulatory pass
and was maximal in the outer 0.5 cm of
lung (12). The concentration of total
FMLP in target tissue reached maximal
levels within 5 minutes at 2.9 X 1075M
and remained unchanged over the next
70 minutes. By 70 minutes, 71 percent of
this FMLP was estimated (from in vitro
kinetics) to be released as free tissue
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