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Simian immunodeficiency virus (SIV) is a lentivi-
rus withgenetic relatedness to the human immuno-
deficiency viruses (HIV- I and HIV-2). It induces a
fatal syndrome in rhesus monkeys that closelypar-
allels the clinical course ofAIDS in humans. The
authors used double-labeling immunohistochemi-
cal procedures on rhesus lymph node and spleen
taken during different timeperiods after SIV infec-
tion to localize thep27 gag protein to specific cellu-
lar immunophenotypes. In animals withfollicular
hyperplasia, viral protein was found associated
predominantly withfollicular dendritic cells. Many
of these cells showed ultrastructural alterations
consisting of swollen dendritic processes contain-
ing electron-dense material. Lentiviral particles
were found associated with this cell type only
rarely. In lymphoid tissues with other histopatho-
logic changes, macrophages and multinucleate gi-
ant cells were the predominant cell types contain-
ing detectable quantities of viral protein; smaller
numbers ofp27+ lymphocytes werepresent. Ultra-
structurally, viral particles werefound within the
extracellular space adjacent to tissue macrophages
and within membrane-bound vacuoles of giant
cells and tissue macrophages. These results show
that certain histologic patterns seen during the
course of infection correlate with the localization
of viral antigen to specific cellular immunopheno-
types and that during the disease course, viralpro-
tein is preferentially localized in sections oflymph
nodeand spleen to cells ofthe macrophage andden-
dritic cell lineages. (Am J Pathol 1989, 134:3 73-
383)

Human immunodeficiency virus type-1 (HIV), the etiologic
agent of acquired immunodeficiency syndrome (AIDS),
selectively replicates within CD4+ cells in vitro, 1-3 and pa-
tients with AIDS develop a relative decrease in the num-
bers of CD4+ lymphocytes within the peripheral blood
and lymphoid organs.4-7 This selective tropism for helper/
inducer lymphocytes is mediated by the interaction of viral
envelope with the CD4 receptor, a 60 kd glycoprotein;
thus, the presence of the CD4 receptor on a cell is be-
lieved to be requisite for infection by this novel retrovi-
rus. 2 38-9 Other than lymphocytes, cells of the monocyte/
macrophage and dendritic cell lineages express the CD4
receptor, although to a much more limited extent com-
pared to lymphocytes.10-12 Therefore, CD4+ lympho-
cytes, macrophages, and dendritic cells are potential tar-
gets for HIV infection in vivo.

It is advantageous to localize these targets in tissue
sections using double labeling immunohistochemistry or
in situ hybridization combined with immunohistochemical
procedures, because these combined techniques permit
the examination of large sections of tissue while providing
objective criteria for cell type identification. Using these
methods, the study of tissues sampled throughout the en-
tire course of infection may provide insight into the patho-
genesis of lymphoid depletion, immunosuppression, and
evolution of histologic changes within lymphoid organs.
Because of the difficulty in prospectively studying HIV-in-
fected volunteers, however, this work may be best per-
formed using an animal model for AIDS.

The rhesus monkey infected with simian immunodefi-
ciency virus (SIV), a lentivirus with morphologic, genetic,
and antigenic relatedness to HIV, has been shown pre-
viously to be a relevant animal model for AIDS.13-18 As in
HIV-infected people, SIV-infected rhesus monkeys de-
velop a distinct granulomatous encephalitis and manifest
profound immunosuppression, clinically characterized by
multiple opportunistic infections and neoplasms.16-18 In
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addition, both SIV and HIV preferentially replicate in CD4+
lymphocytes in vitro,13'19 both cause a reduction in the
number of CD4+ cells in the peripheral circulation of the
respective host,16,18ao and both result in diminished blas-
togenic responses of peripheral blood lymphocytes to mi-
togens in vitro. 1618

In this study, we used single and double-labeling im-
munohistochemical techniques to localize the major gag
protein of SIV in lymphoid tissues from infected rhesus
monkeys. Our results indicate that SIV-related protein is
harbored predominantly in follicular dendritic cells during
hyperplastic stages and in macrophages and multinucle-
ate giant cells in histologically normal tissue or in tissue
undergoing lymphoid involution.

Materials and Methods

Animals and Virus

Nineteen rhesus monkeys were used in this study; these
animals are enumerated with relevant data in Table 1.
They were maintained in accordance with the guidelines
of the Committee on Animals of the Harvard Medical
School and those prepared by the Committee on the Care
and Use of Laboratory Animals of the Institute of Labora-
tory Animal Resources, National Research Council. All an-
imals except 309-78 were inoculated with uncloned SIV
(SlVmac251) that was originally isolated from a rhesus mon-

key (251-79) with lymphoma. The SlVmac251 used for infec-
tion was derived from infected HUT-78 cell cultures or al-
ternatively from infected interleukin-2-stimulated human
peripheral blood lymphocytes. Eighteen animals were in-
oculated intravenously or intramuscularly with cell-free su-

pernatant from SIV-infected cell cultures. Experimental in-
fection of five of these macaques (202-84, 167-84, 188-
84, 392-84, and 127-83) has been described pre-

viously.16'21 One animal (160-86) was infected by gently
inserting a cotton ball saturated with 1.0 ml of SIV-contain-
ing cell-free supernatant in the vagina for 30 minutes. An-
other (309-78) from the colony-at-large was found to be
infected naturally with SIV.22 All animals were monitored
for infection by the appearance of SIV-specific antibodies
and by recovery of SIV from peripheral blood mononu-

clear cells, as described previously.22 Five of the eighteen
animals (221-86, 198-85, 258-85, 206-85, 205-85) had
been vaccinated previously with killed preparations of
SIV, as part of an unrelated study. All five mounted a hu-
moral immune response against SIV; however, SIV was

repeatedly isolated from the peripheral blood of all five
after challenge with virus. They were included in this study
because the results obtained from these animals did not
appear to differ from unvaccinated animals.

Tissue Manipulation and Histologic Evaluation

Spleen and peripheral lymph node were harvested from
14 animals at the time of the post-mortem examination.
Additionally, all major organs were collected from these
animals for routine histopathological evaluation, and rele-
vant observations and opportunistic diseases were noted
(Table 1). In one of these 14 and in 5 other animals, tissue
was obtained by surgical biopsy techniques. Two animals
(159-86 and 126-86) were subjected to three sequential
biopsy procedures early in the course of infection,
whereas animal 202-84 was surgically manipulated twice
(Table 1). Control tissue consisted of lymph node and
spleen biopsies from six animals before SIV inoculation,
as part of an unrelated study. All tissue was subdivided
for routine light microscopy, electron microscopy, and im-
munolight microscopy.

Lymphoid tissues from the study animals were catego-
rized according to the presence or absence of histologic
alterations within lymph nodes (Table 1). We have deter-
mined the criteria for nodal histologic classifications in SIV-
infected rhesus monkeys,23 modified from the original de-
scriptions for HIV24.25 Briefly, five categories were used:
1) Follicular hyperplasia-these lymph nodes contained
large, sometimes confluent, germinal centers and thin
mantle zones, as previously described,17-6 2) Follicular
depletion with normal or expanded paracortices-these
lymph nodes were characterized by the relative paucity
of follicles containing active germinal centers or the pres-
ence of involuting follicles, and a normal or hyperplastic
paracortex, 3) Depletion-these lymph nodes contained
reduced numbers of lymphocytes and often only small
nodules of lymphocytes scattered within the parenchymal
reticular scaffolding, 4) Granulomatous lymphadenitis-
these lymph nodes contained epithelioid macrophages
and multinucleate giant cells individually and in clusters
throughout all regions of the parenchyma. Acid-fast stains
on tissues from two of the animals in this group (127-83
and 392-84) failed to reveal any mycobacterial organisms.
The tissues from the third animal (249-85) contained
sheets of macrophages containing numerous acid fast-
positive bacilli, and 5) Normal.

With only a few exceptions, the changes within the
splenic white pulp closely paralleled those seen in lymph
nodes (the T cell domains of the spleen corresponding to
the nodal paracortex). In those cases where differences
were found, the spleen was placed in the appropriate cat-
egory; these cases are indicated in Table 1.

Electron Microscopy

Tissue from selected cases was initially fixed in 3% glutar-
aldehyde, washed in phosphate buffer, postfixed in 1%
osmium tetroxide, dehydrated, and embedded in Epon.
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Table1. RhesusMonkeysInfectedwithSIVCategorizedbyNodalMicroscopicMorphology

Age at inoculation Incubation time
Animal Sex (months) (weeks) Infection course

Follicular hyperplasia

28 and 88
7§ and 13

37

80
27

Lymphadenopathy-long-term survivor (2.5 years)
Lymphadenopathy developed between 3 and 7

weeks after inoculation
Lymphadenopathy; multiorgan lymphoproliferative

disease
Lymphadenopathy; long term survivor (2.5 years)

Follicular depletion with normal or expanded paracortex

6
42
28

32

16

27
NA

54

12
37

Pulmonary infarction and acariasis; gastritis
Gastroenteritis; proliferative pneumonia
Pulmonary pneumocystosis; granulomatous

encephalitis
Pulmonary pneumocystosis, enterocolitis;

glomerulonephropathy
Granulomatous encephalitis and myelitis; interstitial

pneumonia; colitis

Gastroenteritis; biliary cryptospondiosis

Interstitial pneumonia; glomerulonephropathy;
gastroenteritis

Bacterial pneumonia; sepsis
Pulmonary pneumocystosis;

glomerulonephropathy; colitis; adenoviral
pancreatitis

Granulomatous lymphadenitis

152

39
78

3
3*, 7*, and 9

Granulomatous encephalitis; pulmonary
pneumocytosis; glomerulonephropathy; colitis;
M. avium intracellulare negative

M. avium intracellulare negative
Disseminated M. avium intracellulare infection

Granulomatous encephalitis at death (9 weeks
after inoculation); glomerulonephropathy;
leukomyelitis; sepsis

NA, not applicable, natural infection.
* Biopsy.
t Lymph node only.
t Spleen only.
§ Spleen considered in normal category.
I Spleen considered in depleted category.

Ultrathin sections were cut and stained with uranyl ace-

tate and lead citrate. These sections were examined us-

ing a JEOL 1 QOS transmission electron microscope.

Monoclonal Antibodies

SIV gag protein in tissue sections was detected by immu-
nohistochemical staining using R1C7, a monoclonal anti-
body described elsewhere.27 This antibody was pro-

duced by immunizing mice with purified disrupted human

immunodeficiency virus type-2 (HIV-2). In addition to re-

acting with the core protein of HIV-2, it was found on the
basis of Western blot analysis to recognize epitopes of
the major core proteins (p24 and p27) of HIV-1 and SIV,
respectively.27 Ascitic fluid containing this antibody was
found to be optimally reactive against SIV-infected H9
cells at a dilution of 1:1000, using standard immunohisto-
chemical techniques.28 Tissue macrophages and follicu-
lar dendritic cells were identified using EBMl 1 and R4/23
respectively (Dakopatts Corporation, Copenhagen, Den-
mark). T cells were recognized by Ti 1/3Pt2H9, provided
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by S. Schlossman (Dana-Farber Cancer Institute, Boston,
MA). These cell-specific antibodies have been found pre-
viously to cross-react with rhesus monkey determinants
and were used at either the manufacturer's recom-

mended dilution or previously published concentra-
tions.29'30

Immunohistochemical Procedures

Tissue specimens were embedded in OCT compound
(Miles Scientific, Naperville, IL) and snap-frozen in 2-meth-
ylbutane cooled with dry ice. Six micron cryostat sections
were mounted on gelatin-coated glass slides and stored
dessicated at -80 C until further processing. Before stain-
ing, the sections were fixed in 2% paraformaldehyde (pH
7.2) for 10 minutes at 4 C.

Single antigen labeling for SIV protein was performed
with the use of a three-layer peroxidase-antiperoxidase
(PAP) procedure with diaminobenzidine (DAB) as the
chromagen, as described previously.28 Double labeling
for SIV protein and cell-type specific antigens was per-
formed using different methods, similar to the techniques
described by us and others;3031 choice of technique de-
pended on organ being stained and the immunoglobulin
subclass of the monoclonal antibodies that were used.

Double labeling using R1 C7 (IgG1) and R4/23 (IgM) in
lymph node was performed by the simultaneous applica-
tion of monoclonal antibodies, followed by the application
of subclass-specific reagents. Sections were incubated
overnight with appropriately diluted monoclonal antibod-
ies. Subsequent 30 minute respective layers included: 1)
goat anti-mouse IgGl (Caltag Laboratories, San Fran-
cisco, CA) diluted 1:20 with biotinylated goat anti-mouse
IgM (Caltag) at a dilution of 1:50, and 2) alkaline phospha-
tase mouse anti-alkaline phosphatase (APAAP) (Dako-
patts) diluted 1:60 together with avidin-horseradish perox-

idase (ABC-Per) (Vector Laboratories, Burlingame, CA)
used at 5 times the concentration prescribed by the man-
ufacturer. Visualization of each antigen was obtained by
first using 0.06% red aminoethylcarbizole (AEC) (Sigma
Chemical Co., St. Louis, MO) with 0.03% hydrogen perox-

ide in 0.1 M acetate buffer (pH 5.2) followed by blue stain-
ing with the alkaline phosphatase substrate kit (Vector)
mixed in 0.05 M Tris-buffered saline (pH 8.2) with 0.002
M levamisol. The result was a blue R1 C7+ cell, a red R4/
23+ cell, and cells positive for both antigens were a mix-
ture of these colors.

This technique could not be used in rhesus splenic
tissue because of large quantities of endogenous alkaline
phosphatase that was not blocked by levamisol. This spu-

rious staining was eliminated by using the alkaline phos-
phatase squelching ability of Bouins fixative.32 This fixa-
tive eliminated endogenous alkaline phosphatase reactiv-
ity while preserving the conjugated biotin of secondary

polyclonal reagents. After incubations with the primary
monoclonal reagents and secondary subclass-specific
reagents as described above, subsequent respective lay-
ers included: 1) mouse monoclonal PAP complexes (Da-
kopafts) diluted 1:75, 2) AEC development, 3) Bouins fix-
ative for 1 minute, 3) avidin-alkaline phosphatase (ABC-
AP) (Vector) at 5 times the concentration prescribed by
the manufacturer, and 4) alkaline phosphatase develop-
ment as described above. The result was a blue R4/23+
cell, a red Ri C7+ cell, and similar to the above technique,
cells positive for both antigens were a mixture of these
colors. Both of the above techniques used multiple con-
trol sections that tested for potential cross-reactivity of all
of the reagents.

Double labeling using primary monoclonal antibodies
of the IgGi subclass was performed using the technique
originally described by Hancock et al with modifications.31
A four-layer PAP technique28 using AEC as the chroma-
gen, herein referred to as the first sequence, was used
for the detection of viral protein (antibody R1 C7). Sections
were then labeled with a second monoclonal antibody
(such as EBM1 1 or Ti 1/3Pt2H9) using the APAAP tech-
nique or ABC-AP technique. Briefly, the second mono-
clonal antibody was applied after the rabbit anti-mouse
immunoglobulins (Dakopatts) in the first sequence. After
development of the first sequence with AEC, the APAAP
sequence consisted of goat anti-mouse IgGi (Caltag) at
1:50 followed by the APAAP reagent, while the ABC-AP
method consisted of biotinylated goat anti-mouse IgGi
(Caltag) at 1:30 followed by Bouins fixative and finally the
ABC-AP reagent. Both techniques were developed using
the blue alkaline phosphatase detection kit (Vector) that
was previously described. Incubation times less than 12
minutes with the blue alkaline phosphatase reagent was
necessary to prevent overdevelopment and subtle cross-
reaction between the first and second antibody se-
quences. Multiple control sections using mouse irrelevant
IgGl (Coulter Laboratories) at similar concentrations as
the primary monoclonal antibodies were substituted for
each monoclonal reagent individually and together in both
sequences to test for cross-reaction.

Results

All study animals were unequivocally confirmed to be in-
fected with SIV by multiple viral isolation recoveries before
or at the time of tissue procurement, including the animals
in which biopsies were obtained three weeks after inocu-
lation. Fourteen of 19 animals (74%) also mounted a hu-
moral immune response to SIV proteins by 15 weeks after
inoculation using an ELISA technique.21'22 Five animals
failed to develop this response, and four of these animals
died by 16 weeks after inoculation (565-70, 165-86, 160-
86, and 126-86). These results are consistent with our pre-
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vious observations suggesting a direct correlation of anti-
body titer with ability to survive infection.2122

Follicular Hyperplasia

Three of the five animals had detectable quantities of viral
protein localized to specific cells within the tissues. The
most frequent staining pattern seen within this group was
delicate reticular staining within germinal centers (Figure
1 A). The percentage of germinal centers that stained
within the tissue varied between animals and ranged from
30% in animal 120-85 to practically 100% in animal 167-
84. Viral protein was usually localized throughout the en-
tire germinal center; however, in animals 167-84 and 120-
85, approximately half of the stained follicles had reaction
product distributed in the outer third of the germinal cen-
ter, closer to the mantle zone (Figure 1 B). In animal 159-
86, staining within germinal centers was found in the 13-
week biopsy of spleen and lymph node but not in the
seven week sample of lymph node. Furthermore, in lymph
node tissues from both time periods from this animal, oc-
casional small round viral antigen-positive cells were dis-
tributed throughout the mantle zone and paracortex. Sim-
ilarly, in the spleen from this animal at 13 weeks, in addi-
tion to reticular staining within germinal centers, rare
positive large cells were found within the red pulp. Viral
protein could not be detected in animals 202-84 and
221-86.

Double labeling demonstrated that the staining within
germinal centers was associated with follicular dendritic
cells (Figure 1 C). In animal 167-84, regions within the folli-
cle lacking p27 reaction product (usually the central area
of the germinal center) corresponded with a general pau-
city of this cell type. Using desmosomes and intricate
plasma membrane infoldings as ultrastructural markers,33
the dendrites of follicular dendritic cells were more plenti-
ful in the outer region of germinal centers in animals 120-
85 and 167-84, and the processes of these cells were
swollen and contained homogeneous electron-dense ma-
terial and membrane-bound vesicles, lamellar myelin fig-
ures, and free ribosomes. In animal 167-84, a solitary len-
tiviral particle was found within the follicular dendritic cell
labyrinth. Viral budding from this cell type was not ob-
served in any specimen examined.

Follicular Depletion with Normal or Expanded
Paracortices/T Cell Domains

The tissues from four of the seven animals in this group
(565-70, 258-85, 309-78, 188-86) contained only a rare
p27+ cell. The remaining three animals had a very large
viral protein load; as many as 30 p27+ large and small
cells per dry high powered field (X400) could be found

distributed throughout the entire parenchyma of lymph
node and spleen. In spleen, these cells could be found
within cords, sinusoids, as well as within white pulp (Fig-
ure 1D). Similarly, positively stained cells within lymph
node were localized to paracortex, medulla, as well as
the subcapsular sinus, where large histiocytic cells were
intensely positive.

In spleen, the vast majority of the p27+ cells coex-
pressed macrophage antigens (Figure 1 E, F). This phe-
nomenon was especially true in the red pulp, where up to
80% of the p27+ cells were EBM11 +, and these p27+,
EBM1 1 + macrophages were found within sinusoids (Fig-
ure 1 F) as well as within cords. p27+ macrophages
were also found within the white pulp, although usually
not with the same frequency as seen in the red pulp. Sig-
nificantly smaller numbers of p27+, Ti 1 + cells were
found in the red and white pulp (Figure 1 G), and most, but
not all, of these cells were localized to white pulp domains.
Staining for follicular dendritic cells using R4/23 revealed
that none of the p27+ cells within the white pulp coex-
pressed this antigen.

Similar results were found in lymph nodes. Most of the
cells that contained detectable quantities of viral protein
were immunophenotypically identified as macrophages,
and these cells were found in paracortex, medulla, as well
as occasionally within small, depleted follicles. A smaller
number of p27+, Ti 1 + cells were found throughout the
node parenchyma. Ultrastructural examination of lymph
node from animal 188-84 revealed typical retroviral parti-
cles within membrane-bound vacuoles of parenchymal
macrophages (Figure 2) and within the adjacent extracel-
lular space. Viral budding into the extracellular space or
into the vacuoles was not observed.

Lymphoid Depletion

Excluding the spleen from animal 205-85 that contained
no SIV-positive cells, all lymphoid tissues from this group
contained at least two or three cells per section that were
positive for SIV core protein (Figure 11). However, the rela-
tive number of cells containing viral protein in tissues from
this group was comparatively lower than in other groups,
and most high power fields that were microscopically ex-
amined did not contain a single positively-stained cell.

The p27+ cells tended to be larger cells, and despite
their relative paucity, they tended to be preferentially dis-
tributed to specific microenvironments within the tissue.
Most often in spleen, these cells were found either within
the small Malpighian corpuscles or within the red pulp just
adjacent to them. Similarly, in lymph node, these cells
were localized to depleted paracortical/cortical areas or
within medullary regions that bordered on these atrophic
lymphoid areas.
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Figure 1. Localization ofSIV-related coreprotein in tissue sections having varied histologicpatterns. A, B, and C-167-84. Follic-
ular hyperplasia; nodal germinal centers (gc) have delicate reticular stainingfor core antigen (A), often only in the regions closer
to mantle zones (B). Double labeling using R1C7 (anti-p27, blue) and R4/23 (anti-follicular dendritic cells, red-brown) antibodies
(C) shows that the bluep27antigen appears to localize to a subset ofthe red-brownfollicular dendritic cellprocesses (arrowheads).
(PAP, A, X165; B, X100; ABC-Per and APAAP, C, X244) D, E, F, and G-165-86 Nodalfollicular depletion with normal or
expanded T cell domains; p27+ cells arefound within white pulp (wp) and redpulp (rp) ofspleen (D). (PAP, X 125) E and F-
Double labeling using R1C7 (red-brown; E, arrowhead) and EBM11 (anti-macrophage, blue) antibodies in redpulp. Macrophages
containing SIVcore protein are detected by color mixing (E, arrows; F) and are occasionallyfound within sinusoids (F, border of
sinusoid delineated by arrowheads). (PAP and ABC-AP, E, X300; F, X600) G-Within a splenic follicle (f), some ofthep27+ cells
(red-brown, arrowhead) coexpress blue Til antigens (arrow). (PAP and ABC-AP, X300) H-126-86at9 weeks. Histologically
normal tissues; there is no coexpression of SIV-related antigens (red/brown) andfollicular dendritic cell antigens (blue) within
splenicfollicles (f). (PAP andABC-AP, X200) 1-205-85. Depleted lymph node; only a rare cell stainsfor SIVcoreprotein within
residual lymphoid tissue. (PAP, X 125) J-127-83. Granulomatous lymphadenitis-M. avium intracellulare negative; multiple
p27+ cells are seen within the cortex. Otherpositively stained cells include macrophages within the subcapsularsinus (arrowheads)
and a multinucleate giant cell (arrow). (PAP, X230)

Granulomatous Lymphadenitis and Splenitis among the epithelioid macrophages. Therefore, these tis-
sues allowed the examination of large numbers of cells

In both avian tuberculosis positive and negative tissues, that could be identified as macrophages on the basis of
multiple foci containing clusters of epithelioid macro- morphologic criteria alone.
phages and islands of preexisting lymphoid tissue were In the avian tuberculosis negative tissues, approxi-
found in both lymph nodes and spleen. In the avian tuber- mately 10% of the epithelioid macrophages expressed
culosis negative tissues, multinucleate giant cells of the p27 antigen in the cytoplasm (Figure 1 J). The multinucle-
foreign body or Langhans' type were particularly plentiful ate giant cells were almost uniformly positive (Figure 1 J),

Figure 2. 188-84. Transmission electron micrograph oflymph nodefrom a monkey infected with SIV A macrophage is adjacent to a
lymphoid cell (L). The cytoplasm of the macrophage contains multiple mitochondria, electron-dense granules and lipid droplets,
and vacuoles (enclosed). Within some of the vacuoles, mature virions (enclosed and enlarged in inset) are present. These viral
particles have cylindrical nucleoids and diameters of approximately 110 nm. (uranyl acetate and lead citrate, X 15,000; inset,
X37,500)
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Figure 3A, B. 127-83. Transmission electron micrographs ofa multinucleate giant cellfrom the spleen oJ a SIV-infected monkey.
Mature viral particles (B, arrows) are contained singly within small intracytoplasmic membrane-bound vacuoles. (Enclosed in A
and enlarged in B; uranyl acetate and lead citrate, A, X 6000; B, X26, 000)

and using electronmicroscopy to examine these cells,
lentiviral particles were found within cytoplasmic mem-
brane-bound vacuoles (Figure 3A, B). In the avian tuber-
culosis positive tissue, the spleen was negative for viral
protein, and the lymph node contained only a rare p27+
macrophage; most of the macrophages containing myco-
bacterial bacilli did not contain viral antigen.

Normal Lymph Nodes and Spleen

The number of p27+ cells in tissues of this group varied
from case to case. The early biopsy tissues from animal

159-86 were either negative or contained only rare posi-
tive cells. Conversely, the tissues from animal 126-86 at
7 and 9 weeks post-inoculation contained up to 40 p27+
cells per high powered field. Between these two ex-
tremes, the tissues taken from this same animal at three
weeks contained between 5 to 10 p27+ cells per high
powered field.

Positively-labeled cells tended to be large, nonden-
dritic cells scattered throughout the parenchyma of the
tissue. In lymph node, these cells were found in medulla,
paracortex, and mantle zones of follicles. Fewer cells
were localized to germinal centers. In the spleen, cells
with morphologic characteristics of those seen in lymph
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node were distributed evenly throughout red and white
pulp. These cells did not localize to any preferential loca-
tion within the spleen.

Except for tissues from animal 126-86 at 3 weeks, re-
sults of double labeling experiments were similar to those
of the group with follicular depletion; most of the p27+
cells coexpressed macrophage antigens. p27+ lympho-
cytes were less numerous and only accounted for 10-
25% of the total number of p27+ cells. However, in a very
early 3-week biopsy from animal 126-86, 65-75% of the
p27+ cells in lymph node were Ti 1 + lymphocytes rather
than EBM1 + macrophages. In the only other biopsy
taken three weeks after inoculation (animal 159-86), only
a solitary p27+ cell was observed in one section of lymph
node, and conclusive double labeling experiments could
not be performed on this tissue. Viral antigen was not lo-
calized to follicular dendritic cells in tissues from this
group (Figure 1 H).

Discussion

This study shows that SIV, which causes a clinical syn-
drome in monkeys that closely parallels AIDS in humans,
is preferentially localized in sections of lymph node and
spleen to cells of the macrophage and dendritic cell lin-
eages. Follicular dendritic cells are incriminated in the se-
questration of viral protein during follicular hyperplastic
stages, while tissue macrophages supercede follicular
dendritic cells in this capacity during other stages. These
results are similar, but not identical, to the results obtained
from tissues of patients infected with HIV. In those pa-
tients with HIV-related persistent generalized lymphade-
nopathy (PGL), virus was exclusively localized to follicular
dendritic cells, on the basis of electronmicroscopy34-36
and immunohistochemistry.36 In other studies involving
varied nodal histologic changes, cells within germinal cen-
ters were again incriminated in viral sequestration,37-39 al-
though the cell type could not be definitively identified. In
addition, on the basis of in situ hybridization37 and immu-
nohistochemistry,?8.39 a smaller population of viral positive
cells could be found in the subcapsular sinus,39 interfollic-
ular cortex,37 and paracortex.38 In these studies, however,
distribution of viral protein or nucleic acid was predomi-
nantly within the germinal center, regardless of the histo-
logic pattern.

Tenner-Racz and coworkers3436 and others2425 have
previously reported a disruption of the follicular dendritic
cell network and degenerative ultrastructural alterations in
follicular dendritic cells from patients infected with HIV.
Similarly, our results demonstrate ultrastructural alter-
ations to the follicular dendritic cell labyrinth and a relative
paucity of these cells in the central areas of expanded
follicles. Although degeneration and destruction of follicu-
lar dendritic cells may account for these results, we can-

not entirely exclude expansion of B cells and immu-
noblasts from the follicular center without concurrent pop-
ulation by follicular dendritic cells. In addition, it is unlikely
that these observations are specific for SIV-related lymph-
adenopathy since similar changes to follicular dendritic
cells have been observed in mice and rats that have been
experimentally sensitized and challenged with iodinated

antigen.'-33 40

It is interesting to note that SIV-related antigen could
be demonstrated in tissues as early as three weeks after
experimental inoculation. More importantly, one early bi-
opsy of lymph node from animal 126-86 was the only tis-
sue in this study containing greater numbers of p27+ lym-
phocytes than p27+ macrophages. Taken collectively
with results from tissues obtained later in the disease
course, these data suggest that lymphocytes may be
more important than macrophages in early events related
to viral dissemination in lymphoid compartments, but that
macrophages are more important in viral sequestration
later in the course of infection. This possibility needs fur-
ther investigation, however, not only to increase the num-
ber of cases examined, but also to address whether prep-
aration of the SIV inoculum in lymphoid cells vs. macro-
phages influences the course of infection.

There appeared to be no correlation between the num-
bers or types of p27+ cells with length of survival, clinical
outcome, or antibody response. Therefore, it will be im-
portant to examine other factors, such as the strength of
the cellular immune response, for potential effects on viral
replication within specific cells and systemic viral anti-
genic load. More studies are also necessary to determine
through what cell type, if any, the virus gains entry and
disseminates systemically, and if the route of infection
has any correlation with viral localization, replication, and
eventual clinical outcome.

It cannot be entirely excluded that the localization of
SIV core protein to particular cell types represents either
phagocytosis of extracellular virions or entrapment of SIV-
related antigen-antibody complexes. However, for tissue
macrophages, this scenario is unlikely because rhesus
monocyte-derived macrophages41 and alveolar macro-
phages (Ringler DJ, personal observation) actively sup-
port the replication of SIV in vitro, and using electron mi-
croscopy, macrophages within the encephalitic brains of
SIV-infected monkeys have been previously demon-
strated to contain viral particles budding into intracy-
toplasmic vacuoles.42 At present, the role follicular den-
dritic cells play in SIV infection is uncertain, because only
a rare viral particle, without evidence of budding, was
seen associated with this cell type using electron micros-
copy, and in a related study, SIV RNA was not significantly
localized to germinal centers using in situ hybridization.4'
This issue is addressed more completely by Wyand and
coworkers in a companion study.43
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Lastly, this study corroborates the importance of mac-
rophages and other histogenetically-related cell types in
the localization of lentiviral-specific products. Gendelman,
Narayan, and coworkers have previously demonstrated
infection of macrophages with the related ovine-caprine
lentiviruses.44 6 Similarly, replication of HIV within macro-
phages and dendritic cells in vitro has been described,
47-50 and these cells appear to escape, at least in large
part, the lytic phase of infection that is characteristic of
HIV-infected lymphocytes.49 ' Because macrophages
are the source of a number of active cytokines, it is possi-
ble that these long-lived infected cells may mediate local-
ized inflammatory sequelae as well as systemic altered
immunoregulatory phenomena. In this way, lentiviral-in-
fected macrophages residing in normal microenviron-
ments, such as splenic sinusoids, as well as macro-
phages within inflammatory sites, such as the brain, may
both play a role in the devastating clinical outcome ob-
served in SIV-infected monkeys and patients with AIDS.
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