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In situ hybridization ofhuman immunodeficiency
virus-i (HIV-1) has beenperformed on eight eyes
from eight distinct acquired immune deficiency
syndromepatients (three cases hada normalfun-
dus examination and five presented witb cyto-
megalovirus retinitis). The eyes were removed at
autopsy andfrozen immediately. Contiguous 10-p
cryostat sections were obtained and tested with a
HIVprobe labeled by nick-translation with [35S]-
ATP. HIV-1 RNA was detected in the retina oftwo
acquired immune deficiency syndrome patients.
Thefirstpositive casepresented with typicaloph-
thalmological and histopathological cytomegalo-
virus retinitis, the second one was not related to
cytomegalovirus, according to clinical or histo-
pathological classical criterias. HIV-I was local-
ized in retinal vascular waUs. This shows that
there is an active replication ofHIV in retina of
some acquired immune deficiency syndrome pa-
tients. (AmJPathol 1993, 143:1275-1279)

nodeficiency virus (HIV) or may involve interactions
with other infectious opportunistic agents such as cy-
tomegalovirus (CMV). To elucidate the role of HIV-1 in
AIDS retinopathy, we performed immunocytochem-
istry and in situ hybridization to examine affected eyes
for the presence of HIV-1.

Materials and Methods
Cases

Eight cases were submitted to ophthalmic examina-
tion performed 60 days or less before death. Two
HIV-1-seronegative cases were studied as controls.
The eyes were removed at autopsy, frozen in iso-
pentane cooled by liquid nitrogen, and stored at
-80 C. They were cut into two parts with an electri-
cal metal saw. Then, contiguous 10-p cryostat sec-
tions were obtained.

Histological Study

Tissues were fixed in 4% formaldehyde for 10 min-
utes, then hematoxylin-eosin staining was per-
formed.

Immunocytochemistry

After acetone fixation for 10 minutes, sections were
incubated for 20 minutes in Tris buffer saline (TBS).
HIV-p24 mouse monoclonal antibodies (M857 Dako)
at 1/10 dilution were applied for 45 minutes. Slides
were gently rinsed in TBS and then incubated for 45
minutes with rabbit anti-mouse immunoglobulins

Ophthalmic lesions occur in up to 70% of acquired
immune deficiency syndrome (AIDS) patients. 1-3

They range from asymptomatic cotton-wool spots to
blinding retinal necrosis. These ocular disorders are
either the result of direct infection by human immu-
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(Z259, Dako) at 1/25 dilution, rinsed again in TBS,
and incubated in alkaline phosphatase-mouse anti-
alkaline phosphatase complex (APAAP D 651, Dako)
at 1/50 dilution for 45 minutes. Alkaline phosphatase
substrate-chromogen solution (Naphtol AS-BI phos-
phate, 50 mg; dimethylformamide, 0.6 ml; 0.05 mol/L
Tris buffer, pH 8.7, 100 ml; 1 mol/L levamisole 100 p1;

4% sodium nitrite, 0.5 ml; 5% new fuschsin in 2 mol/L
HCI, 0.2 ml) was incubated for 20 minutes. Slides
were washed in TBS and then tap water. They were

counterstained with hematoxylin and mounted aque-
ous mounting medium. Every incubation was made
at room temperature in a moist chamber. Negative
controls included the study of eye sections from an

HIV-1-seronegative patient, the use of respiratory
syncytial virus antibody as an irrelevant monoclonal
antibody, and immunoperoxydase staining in the ab-
sence of primary antibody. Positive controls were

HIV-1-infected sections from brain tissue.

In Situ Hybridization

As a probe, we used pBT1 plasmid containing a

9-kb fragment of the HIV-1 genome inserted in the
plasmid pUC 18.4 5 The HIV probe was labeled by
nick-translation with [35S]ATP (Amersham, Les Vlis,
France) to a specific activity of 8.107 cpm/pg. The
plasmid without insert was labeled in a similar man-

ner and used as a control for nonspecific hybridiza-
tion. Frozen sections collected on clean microscope
slides were fixed in 4% formaldehyde for 10 min-
utes and stored at -20 C until use. Before hybrid-
ization, the sections were incubated with 0.2 mol/L

HCI for 10 minutes, then with 10 pg/ml proteinase K
at 37 C for 15 minutes. Hybridization was carried
out overnight under a sealed siliconized coverslip at
37 C with 0.1 pg/ml DNA probe in a solution con-
taining 50% freshly deionized formamide, 10% dex-
tran sulfate, 600 mmol/L NaCI, 10 mmol/L Tris HCI,
1 mmol/L ethylenediaminetetraacetic acid, 1% den-
hart, 1 mg/ml Escherichia coli and yeast RNA, 500
pg/ml herring and salmon sperm DNA, and 10
mmol/L dithiotreitol. The solution was denatured (3
minutes at 100 C, immediately cooled in ice) before
adding dithiotreitol. After hybridization, the slides
were washed in 50% formamide 4x standard saline
citrate (SSC) for 10 minutes, twice in 50% for-
mamide 2x SSC for 30 minutes, once in 2x SSC for
30 minutes, in 0.1x SSC at 55 to 60 C for 10 min-
utes and in 0.1x SSC at 37 C for 15 minutes. The
tissues were dehydrated in increasing concentra-
tions of ethanol and coated with Amersham LM-1
emulsion. Autoradiographic exposure was for 8, 19,
and 25 days at 4 C and was developed in Kodak
D19 and stained with Mayer's hemalun. As negative
controls, two HIV-1-seronegative patient's retinas
were hybridized with the HIV probe. As positive
controls, HIV probe was tested in HIV-1-infected
lymphocytes and HIV-1 p24 antigen-positive brain.

Results

Cases

Individual findings for the eight patients are summa-

rized in Table 1. The average age at death was 35.8

Table 1. Systemic and Ocular Disorders in Eight cases ofAIDS

Case Age Anti-CMV
no. (years) Risk Systemic disorders Ocular disorders Zidovudine treatment

1 29 1 Progressive multifocal leukoencephalopathy None No None
2 32 H Mucocutaneous candidiasis, None Yes None

meningoencephalitis, cryptosporidiosis
3 32 Unknown Meningoencephalitis, frontal and cerebellar None Yes None

tumor
4 34 H Cerebral toxoplasmosis, pneumocystis Bilateral CMV Yes Foscarnet

carinii pneumonia, CMV sclerosing retinitis
cholangitis, salmonella sepsis

5 47 H Mucocutaneous candidiasis, cytolytic Bilateral CMV Yes Foscarnet
hepatitis, pneumonia retinitis

6 33 H Mucocutaneous candidiasis, pneumocystis Bilateral CMV No Ganciclovir
carinii and CMV pneumonitis retinitis

7 44 H Cerebral toxoplasmosis, mucocutaneous Bilateral CMV Yes None
candidiasis, CMV pneumonia, peripheral retinitis
neuropathy

8 35 H Cutaneous Kaposi's sarcoma, pulmonar OD: CWS, OS: Yes Foscarnet
tuberculosis, mucocutaneous HSV and CMV retinitis
candidiasis, colitis

H = homosexual, 1 = sexual intercourse with an HIV-1-seropositive drug addict woman, CMV = cytomegalovirus, HSV = herpes simplex
virus, CWS = cotton-wool spots.
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years. Six of the patients were male homosexual
and the other two were an heterosexual patient who
had sexual intercourse with an HIV-1-seropositive
drug addict woman and another patient with an un-

known risk factor. Three patients had normal fundus
examination, four had bilateral and one unilateral
CMV retinitis. Six of them received zidovudine. CMV
retinitis was treated in three cases by foscarnet, in
one case by ganciclovir, and one case was not
treated. The average delay between the last oph-
thalmological examination and death was 38.9 days
(9 to 60). Two HIV-1-seronegative cases were stud-
ied as controls: a 78-year-old man who died from
vertebrobasilar stroke and a 25-year-old woman

who died from viral meningoencephalitis. The brain
used as control for HIV-1 RNA hybridization was

from a 30-year-old homosexual man who presented
cutaneous and gastric Kaposi's sarcoma and bilat-
eral CMV retinitis. He had a normal cerebral to-
modensitometry 1 month before death and died
from bilateral bronchopneumonia.

Histological Study (Table 2)

In patients with normal fundus, histological exami-
nation was normal in two cases (no. 1 and no. 2).
However, it showed typical cytomegalic cells in
case no. 3. There was typical CMV retinitis (Figure
1) concordant with ophthalmological results in the
other five cases.

Immunocytochemistry and in Situ
Hybridization (Table 2)
No HIV-1 p24 antigens were detected by immuno-
histochemical methods. HIV-1 RNA was detected in
two cases (Table 2). The morphology of sclera, cho-
roid, and retina was well preserved and permitted
the topographic analysis of results. In one case (no.
4), there was a typical CMV retinitis on clinical and
histological grounds. In the other case (no. 2), oph-

thalmic and histological examination were normal.
Silver grains were seen principally within vascular
walls (Figure 2). They were also seen in a few struc-
tures of the ganglionic cell layer (Figure 3), which
were unidentified by classic morphological tech-
niques. The clusters of silver grains were rare and
were not confined to retinitis areas. The specificity
of the hybridization reaction was confirmed by the
presence of the background signal alone when
slides from the same case were hybridized with the
labeled control plasmid and when control tissues
from HIV-1-seronegative patients were hybridized
with the HIV-1 probe. In addition, HIV signal were

demonstrated in HIV-infected lymphocytes and HIV-
infected brain.

Discussion
Retinopathy is a major complication of AIDS. The
precise role of HIV and its interactions with other vi-
ral agents, such as CMV, have not been deter-
mined. HIV-1 has been detected in retina by immu-
nocytological techniques,6-9 in retina cultures,6 10

and by polymerase chain reaction.7 This did not al-
low precise localization. Only Pomerantz, et a16 in
1987, reported the precise localization of the glyco-
protein 120 and of the p-24 HIV-1 antigens in the
cytoplasm of the capillary endothelial cells as well
as in neuroretinal cells in the two studied cases. We
report here the in situ hybridization of HIV-1 RNA in
the retina of two AIDS patients. The first positive
case (no. 4) presented typical ophthalmological
and histopathological CMV retinitis; the retina of the
second case (no. 2) was not infected by CMV, ac-

cording to clinical or histopathological classical cri-
terias. HIV-1 was localized in retinal vascular walls,
confirming Pomerantz et al's results.6 However, we

could not determine which cells (endothelial cells,
pericytes, microglia, or even Muller cells and astro-
cytes) were infected because microglia11 and mac-

roglia (Muller cells more than astrocytes)12 have

Table 2. Ocular Microscopic Findings and Results ofImmunohistology and in Situ Hybridization for the Detection of
HIV-1

Histological study Immunochemistry In situ hybridization
Case no. microscopic findings HIV-1 p24 antigen HIV-1 RNA

1 Normal -

2 Normal - +
3 Large cells in retina with viral inclusions, CMV retinitis
4 Large cells in retina with viral inclusions, CMV retinitis - +
5 Large cells in retina with viral inclusions, CMV retinitis
6 Retinal necrosis, cytomegalic cells in neurosensorial retina -

and pigment epithelium, CMV retinitis
7 Large cells in retina with viral inclusions, CMV retinitis
8 Large cells in retina with viral inclusions, CMV retinitis
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Figure 1. Cytomegalic cells with intracyto-
plasmic inclusions are seen in the retinitis area
(H&E; oiginal magnification: 25X).
Figure 2. Formaldehyde-fixed frozen sections of
retina from patient no. 4, hybridized with -35S-
radiolabeled HIV-1 DNA probe. Some cells of vas-
cular wall of the retina contain viral RNA (origi-
nal magnification: 40X).
Figure 3. Formaldebyde-fixed frozen sections of
retina from patient no. 4 hybridized with 35S-
radiolabeled HIV-1 DNA probe. The morphology
of the cells within the ganglionic cell layer is con-
cording uith a vascular wall (original magnifi-
cation: 25X ).

been shown to be components of the perivascular
walls. On central nervous system, Vazeux et al13
performed immunocytological double labeling,
which suggested that microglial/macrophages cells
were infected by HIV. Every as yet identified struc-
ture that was labeled was vessel. The few unidenti-
fied structures that were seen in the ganglionic cell
layer may be also small vessels. In situ hybridiza-
tion was more sensitive than immunocytochemistry,
inasmuch as we have detected RNA HIV-1 in two of
eight cases and none HIV-1 p24 antigen. Kennedy
et al14 detected CMV genome by in situ hybridiza-

tion but not HIV-1 in three of five patients whose
retina was formaldehyde-fixed and paraffin-embed-
ded. The little percentage of HIV-1 detection may
have revealed latent or weak productive infection.
Both cases positive for HIV-1 received zidovudine,
which inhibits viral replication at a late stage and
therefore is not expected to clear cells of latent vi-
rus. Surprisingly, no HIV-1 RNA was detected in the
two patients who did not receive zidovudine. HIV-1
has been hybridized in vascular walls within a brain
used as control confirming data of previous immu-
nocytological studies.15,16 HIV-1 infection causes
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retinal microvascular abnormalities clinically char-
acterized by cotton-wool spots, intraretinal hemor-
rhages, ischemic areas, and maculopathy.2
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