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Infection of goats with the lentivirus caprine arthritis
encephalitis virus (CAEV) leads to persistent infection
and development of chronic arthritis. We analyzed
the expression of cytokines and viral RNA in the
joints of goats at early time points after experimental
infection with CAEV and in those of animals suffering
from chronic arthritis as a result of natural infection.
In situ hybridization experiments showed that the
pattern of cytokine expression in caprine arthritis
was similar to that found in rheumatoid arthritis
(RA), with a few cells expressing the lymphocyte-
derived cytokines interferon (IFN)-y and interleukin
(IL)-2 and rather more cells expressing monocyte
chemoattractant protein (MCP)-1, IL-6, and tumor ne-
crosis factor (TNF)-a. IFN-y mRNA expression in ex-
perimentally infected joints peaked at day 12 and was
mostly detected in areas containing viral RNA. At later
time points, no IFN-y- or virus-expressing cells were
found in inflamed joints but both were again detected
in goats with severe arthritis. Interestingly, at the
clinical stage of arthritis reflecting the chronic stage
of infection, the inflammatory lesion was found to be
immunologically compartmentalized. Humoral im-
mune responses and cell-mediated immune re-
sponses appeared to concurrently occur in distinct
areas of the synovial membrane. (AmJ Patbol 1997,
151:1053-1065)

Caprine arthritis encephalitis virus (CAEV) belongs to the
Lentivirus genus of retroviruses. It is related closely to the
maedi visna virus of sheep and more distantly to the
equine (EIAV), feline (FIV), simian (SIV), and human (HIV)
immunodeficiency viruses. CAEV is widespread in the
goat population and causes persistent infection,’? yet
only approximately one-third of the infected animals de-
velop clinical symptoms.™* Infection with CAEV leads to
mononuclear infiltration of various tissues, in particular,

the radiocarpal joints, mammary gland, lung, and in
young animals, the brain.#~® The most prominent clinical
sign of infection is carpitis characterized by periarticular
swelling and accumulation of synovial fluid containing a
large number of inflammatory cells. Histologically, syno-
vial membranes show synovial lining hyperplasia, hyper-
trophy of membrane villi, and infiltration of intima and
subintima with macrophages, lymphocytes, and plasma
cells. In the advanced stage of the disease, necrosis and
fibrosis of synovial tissue as well as mineralization and
erosion of articular surfaces occur.™”®

In view of the histopathological similarity, caprine ar-
thritis serves as a model for human rheumatoid arthritis
(RA). The etiology of RA is unknown, but several infec-
tious agents (bacterial or viral) have been implicated in
initiating or perpetuating the disease.®~'" Interestingly,
CAEV transcripts and/or antigens remain difficult to de-
tect in the synovium of infected goats before severe
clinical arthritis has developed® 2 (and this report), which
suggests a possible involvement of immunopathological
mechanisms in the persistence of chronic inflammation.

On the basis of the pattern of cytokines expressed,
immune responses can be divided into Th1 and Th2 or, in
more general terms, into type 1 and type 2 respons-
es."®7'% Type 1 cytokines interleukin (IL)-2 and interferon
(IFN)-y) are predominantly expressed during delayed-
type hypersensitivity reactions and cell-mediated im-
mune responses. Type 2 cytokines (IL-4, IL-5, IL-6, IL-10,
and IL-13) support humoral immune responses and are
also expressed during allergic or anti-helminthic reac-
tions.

Cytokines are thought to play an important role in RA
by initiating or exacerbating the inflammatory process in
the joint (for a review, see Feldmann et al'®). A majority of
studies indicate that RA can be characterized by a type
1 cytokine profile,'®='® although some reports suggest
otherwise.2°=2% Due to a shortage of available tissue
samples from early stages of RA, cytokine expression
and composition of inflammatory cells are poorly charac-
terized at the time of the onset of the disease. It is con-
ceivable, however, that this stage may be crucial for the
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further development of the arthritic lesion. In this report,
we have analyzed the expression of cytokines and viral
RNA in caprine arthritis at both early and late time points
after experimental CAEV infection as well as in naturally
infected goats with clinical arthritis.

Materials and Methods

Animals and Tissue Samples

Eight 2- to 3-year-old Saanen goats were experimentally
infected with the molecular clone CAEV CO?* grown on
goat synovial membrane fibroblast cells (GSMs). The
goats were infected intravenously and intracarpally (left
carpal joint) with 5 X 10* TCID5, CAEV CO in a volume of
500 pl. The right carpal joint was mock-infected with 500
ul of GSM cell culture supernatant. Joint swelling was
assessed by measuring the carpal/metacarpal circumfer-
ence ratio.

Goats naturally infected with CAEV were purchased
from infected flocks in Switzerland. These goats had
shown clinical arthritis for over 2 years (except animal
1676 that showed no clinical signs of CAE). They were
serologically CAEV positive as demonstrated by an en-
zyme-linked immunosorbent assay based on highly puri-
fied whole maedi visna virus antigen®® and by Western
blot.2®

All goats were euthanized by an overdose of pento-
barbital. Synovial membranes and subscapular lymph
nodes were immediately removed, fixed overnight in 4%
paraformaldehyde in phosphate-buffered saline (PBS,
pH 7.4), and then dehydrated and embedded in paraffin
according to standard procedures. Similarly, tissue sam-
ples were obtained from two uninfected goats as controls
for in situ hybridization experiments.

Paraformaldehyde-fixed tissues from two goats orally
infected at birth with the biological clone CAEV-63 were
kindly donated by Dr. W. P. Cheevers (Pullman, WA).
These goats showed severe clinical arthritis and have
been extensively described by Wilkerson et al 827

Virus Isolation from PBMCs or Synovial Fluid

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from citrate-buffered blood by centrifugation on
Ficoll (Seromed, Munich, Germany). PBMCs were resus-
pended in RPMI 1640 medium (Seromed) supplemented
with penicillin (100 U/ml), streptomycin (100 pg/ml), L-
glutamine (2.5 mmol/L), 2-mercaptoethanol (50 wmol/L),
HEPES (10 mmol/L), and 10% heat-inactivated goat se-
rum (Sigma Chemical Co., St. Louis, MO). The cells were
cultured in Teflon bags made from hydrophobic Teflon
foil (FEP 100A, Du Pont De Nemours International, Ge-
neva, Switzerland) for 12 days to allow macrophages to
mature. Teflon-bag-derived macrophages were added to
semiconfluent GSM cultures grown in Earle minimal es-
sential medium (MEM; Seromed) containing 7% fetal calf
serum (FCS). Nonadherent cells were removed the next
day and fresh medium was added. Cell cultures were
passaged every week for at least 5 weeks or until a

cytopathic effect appeared. Isolation of CAEV from syno-
vial fluid was performed by adding 200 to 500 ul of
freshly aspirated, unseparated synovial fluid to semicon-
fluent GSM cultures and passaging as above. Specificity
of the cytopathic effect in GSM cultures was demon-
strated by immunoblotting of viral antigens present in
supernatants from freeze-thawed cell cultures. In situ hy-
bridization of GSM cells infected with the isolated virus
from the naturally infected goats showed specific staining
with a CAEV CO gag probe.

Plasma Cell Detection

Paraffin-embedded tissue sections were dewaxed and
rehydrated. The sections were treated with 0.2% (w/v)
Trypsin (Difco, Detroit, Ml), 14 mmol/L CaCl,, pH 7.8, at
37°C for 30 minutes. After washing three times for 2
minutes each in Tris buffer (0.5 mol/L NaCl, 20 mmol/L
Tris(hydroxymethyl)-aminomethane, pH 7.5, 0.25%
Tween 20), the tissue was blocked for 30 minutes with 10
mg/ml human vy-globulins (Globuman Berna, Schweiz-
erisches Serum- und Impfinstitut, Bern, Switzerland) in
Tris buffer. A rabbit anti-goat IgG serum (made at our
institute) was diluted 1:200 in Tris buffer and applied to
sections for 60 minutes at room temperature. After wash-
ing three times for 2 minutes each in Tris buffer, an
alkaline-phosphatase-conjugated mouse anti-rabbit anti-
body (Sigma) diluted 1:1000 in Tris buffer was added for
60 minutes at room temperature. After another washing
step, the color substrate was added consisting of 2
mg/ml Fast Red TR (Chroma-Gesellschaft, Koengen,
Germany), 1 mg/ml naphthol AS-MX phosphate (Sigma)
and 0.5 mg/ml Levamisole (Sigma) in 0.1 mol/L Tris, pH
8.0. The color reaction was stopped by rinsing with tap
water. The sections were counterstained with Mayer's
hematoxylin and mounted in Glycergel (Dako, Carpinte-
ria, CA).

Probes for in Situ Hybridization

The cDNAs of ovine IL-2,2® IL-4,2° |L-8,%° IFN-v,3" IL-6,
IL-10, TNF-a, and MCP-1 (H.F. Seow, unpublished) were
cloned in pSPT19 (Boehringer Mannheim, Mannheim,
Germany). CAEV CO gag (nucleotides 512 to 1858) was
cloned in pBluescript (Stratagene, La Jolla, CA). Anti-
sense probes and sense control pobes were transcribed
in vitro from the T3, T7, or SP6 promoters in the presence
of digoxigenin-UTP (Boehringer Mannheim). Labeled
probes were sheared by alkaline hydrolysis to yield RNA
of ~150 nucleotides in length and stored at —70°C.

In Situ Hybridization

Paraffin-embedded tissue sections were dewaxed and
hybridized as described previously.3233 Tissue sections
were treated with 1.5 ug/ml proteinase K (Boehringer
Mannheim) for 15 minutes at 37°C, acetylated, and then
prehybridized for 2 hours at 52°C. Hybridization was
performed overnight at 52°C in a solution containing 50%
formamide (v/v), 4X SSC (sodium chloride/sodium citrate
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Table 1. Infection of Goats with CAEV

Isolation of virus¥

Goat Duration of Clinical Histology ™ SFs (left/
number infection Mode of infection (left/right) arthritis* (left/right) PBMCs right)
38 6 days Experimental 1.64/1.66 No 2/0-1 + +/+
1053 6 days Experimental 1.72/1.72 No 1-2/0-1 + +/+
25 12 days Experimental 1.66/1.6 No 31 + +/—
17 12 days Experimental 1.63/1.6 No 3-4/1 + +/—
15 33 days Experimental 1.77/1.69 Weak 41 + +/—
33 33 days Experimental 1.73/1.65 No 3-4/3 + +/+

8 1 year Experimental 1.69/1.63 No 2/3-4 - —(pool)$

9 1 year Experimental 1.74/1.64 No 3-4/0 - —(pool)
1676 >2 years Natural 1.64/1.64 No 2/2 + +/+

53 >2 years Natural 1.79/1.73 Weak 4/3 + +(pool)

957 >2 years Natural 1.61/1.89 Yes 1/4 + +(pool)
1007 >2 years Natural 1.92/1.64 Yes 4/0-1 + +/+

85-14 >2 years Experimental at birth 2.32/2.36 Yes 5/5 ND +(pool)

85-17 >2 years Experimental at birth 2.79/2.59 Yes 5/5 ND +(pool)

C/MC, carpal/metacarpal circumference ratio on the day of euthanasia; SFs, synovial fluids; ND, not done.

*An arbitrary threshold for clinical arthritis was set at C/MC = 1.80, although some animals with lower ratios clearly showed swelling of carpal joints.

TEvaluation of hematoxylin and eosin (H&E)-stained tissue sections of synovial membranes was performed independently by two examiners. 0, no
inflammation; 1, some inflammatory cell aggregates, synovial lining layer hyperplasia; 2, dispersed mononuclear infiltrates in villi, with few perivascular
infiltrates; 3, infiltrates in villi, subintima, and around vessels, with few small lymphoid-like follicles; 4, same as 3, with lymphoid-like follicles and large
plasma cell aggregates; 5, intense mononuclear infiltration of intima and subintima, numerous plasma cells, and necrosis/fibrosis.

*|solation of virus from PBMCs and synovial fluids from left and right carpal joints was performed on the day of euthanasia.

SPooled synovial fluids of the left and right carpal joints of some animal were tested.

buffer), 2X Denhardt’s reagent, 10% dextran sulfate (w/v),
500 pg/mi blocking RNA (calf liver RNA, Sigma), and 1
rg/ml digoxigenin-labeled RNA probe. Unbound labeled
RNA probe was removed by an RNAse treatment for 30
minutes at 37°C (200 U/ml RNAse T1 (Boehringer) and
0.2 ug/ml RNAse, DNAse-free (Boehringer Mannheim)
and by washing in 0.2X SSC twice for 15 minutes each at
50°C. Bound probe was detected with anti-digoxigenin
antibody Fab fragments conjugated with alkaline
posphatase (Boehringer), and color reaction was per-
formed with nitroblue tetrazolium and 5-bromo-4-chloro-
3-indolyl phosphate.

As a control, labeled sense RNA probes were included
in each in situ hybridization experiment.

From each animal, several cross sections of synovial
membranes and subscapular lymph nodes were hybrid-
ized with digoxigenin-labeled riboprobes and, where ap-
plicable, all stained cells per tissue section were counted
using a light microscope. The area of the tissue analyzed
was determined using a video-based computer system
and the Datasys software (Datasys version 3, Datalab,
Thoeringen, Switzerland). Photographs were taken with a
differential interference contrast microscope (Carl Zeiss,
Zurich, Switzerland).

After in situ hybridization, some tissue sections were
stained with an antibody specific for major histocompat-
ibility complex (MHC) class |l DR (VPM 54,34 kindly do-
nated by Dr. B. Blacklaws (Edinburgh, UK). The sections
were rinsed and then blocked as described for plasma
cell detection (see above). Incubation with VPM 54 anti-
body was performed overnight at 4°C followed by incu-
bation with a biotinylated goat anti-mouse antibody
(Jackson ImmunoResearch, West Grove, PA) for 60 min-
utes at room temperature. After the addition of avidin/
biotin-peroxidase complexes (Vector Laboratories, Bur-

lingame, CA), the sections were stained with 3,3'-
diaminobenzidine tetrahydrochloride (Sigma).

Results

Experimental Infection of Goats

Eight Saanen goats were infected intravenously and int-
racarpally (left carpal joint) with the molecularly cloned
CAEV CO virus. The right carpal joint was mock-infected
and served as a control. Two goats were euthanized at 6,
12, or 33 days or 1 year after infection, and synovial
membranes and lymph nodes were fixed in paraformal-
dehyde. Four goats naturally infected with CAEV and two
goats orally infected at birth with the CAEV-63 isolate
were also included in this study.®2”

In goats infected intracarpally, first joint swelling with
increased carpal/metacarpal circumference ratio and
tenderness of the joint were detected between 12 and 15
days after infection (Table 1). In all animals analyzed,
antiviral antibodies became detectable by an enzyme-
linked immunosorbent assay between 20 and 28 days
after infection. At 6 days after infection, CAEV was iso-
lated by co-cultivation with indicator cells from PBMCs of
some, but not all, experimentally infected animals (not
shown), whereas at 12 days after infection, virus was
isolated from PBMCs of all animals tested (Table 1). No
virus was isolated from two antibody-positive animals that
had been experimentally infected for 1 year.

Interestingly, 6 days after experimental infection, CAEV
was isolated by co-cultivation of synovial fluid not only
from infected left carpal joints but also from mock-in-
fected right carpal joints, suggesting that nonspecific
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Table 2. Detection of Plasma Cells, Viral RNA, and IFN-y mRNA in Caprine Arthritis
In situ hybridization (positive cells/mm?)
Goat Duration of Plasma cells (% of IFN-y RNA Viral RNA (gag) Viral RNA (gag)
number infection inflammatory cells) in synovium in synovium in lymph nodes
38 6 days 19 0/0 7.1/0 0/0
1053 6 days 4 0/0 2.3/0 0/0
25 12 days 21 1.4/0 10.0/0.2 0.1/0
17 12 days 18 0.7/0 8.1/0.1 0.1/0
15 33 days 45 0/0 0/0 0/0
33 33 days 40 0/0 0.5/0 1.0/0
8 1 year 50 0/0 0/0 0/0
9 1 year 52 0/0 0/0 0/0
1676 >2 years 13 0/0 0/0 0/0
53 >2 years 62 0/0 0/0 2.2/0.1
957 >2 years 53 0/0.5 0/0 0.4/0.9
1007 >2 years 63 0.1/0 3.3/0 0.1/1.0
85-14 >2 years 71 1.2/ND 22.2/ND 0.3/0.2
85-17 >2 years 73 0.2/ND 14.1/ND 1.4/1.9

The percentage of plasma cells was determined by counting the total number of inflammatory cells and the cells stained with an anti-goat IgG
antibody in five areas of the inflamed carpal synovium (results of the carpal joint with the more severe inflammation are shown). For in situ
hybridization, four to eight cross sections of synovial membranes were hybridized with a viral gag RNA probe or with a probe specific for IFN-y mRNA.
Two to six cross sections of prescapular lymph nodes were hybridized with a viral gag RNA probe. Results of the left and right carpal joints and

prescapular lymph nodes are shown. ND, not done.

irritation of the synovium led to local CAEV replication
(Table 1).

Results of histological examination and characteriza-
tion of the inflammatory cells in the synovium at different
times after infection are described in detail elsewhere®2?
(U. von Bodungen, F. Lechner, H. Pfister, HR. Vogt, WP.
Cheevers, G. Bertoni, T. Jungi, E. Peterhans, submitted).
Briefly, intracarpal infection led to the rapid development
of mononuclear cell infiltration in the synovial membrane.
At day 6, hyperplasia of the lining synovial membrane
layer and mononuclear cell aggregates in sublining areas
were noted. At 12 days, extensive mononuclear infiltra-
tion of synovial villi and subintima was observed. A few
lymphoid-like follicle of a small size were also found.
Infection for 33 days led to severe inflammation of the
synovium with abundant lymphoid follicles, some exhib-
iting germinal-center-like structures. Additionally, angio-
genesis was noted in villi and subintima. At this stage, the
histological appearance of the synovium was similar to
that seen in the synovium of naturally infected goats with
clinical arthritis® (von Bodungen et al, submitted).

Plasma Cells in the Synovium

Caprine arthritis is characterized by large numbers of
plasma cells in the synovial membrane.®3 We investi-
gated whether plasma cell accumulation in the synovium
is a feature of late-stage arthritis or whether these cells
appear early after CAEV infection. Paraffin sections of
synovial membranes were stained with a polyclonal rab-
bit anti-goat IgG serum. Surprisingly, considerable num-
bers of plasma cells were found in the synovium as early
as 6 days after intracarpal infection (Table 2). The num-
bers of plasma cells steadily increased between 6 days
and 1 year after experimental infection. In naturally in-
fected goats with severe clinical arthritis, plasma cells
accounted for up to 73% of all inflammatory cells in the
synovial membranes. Plasma cell clusters were predom-

inantly found around lymphoid follicies and sometimes as
a band below the synovial lining layer (see Figure 4b).

Detection of Viral RNA in the Synovial
Membrane and Subscapular Lymph Nodes

Six days after infection, viral RNA was detected in syno-
vial membranes of experimentally infected goats by in situ
hybridization with a probe specific for the viral gag RNA
(Table 2). Cells of the synovial lining layer and mononu-
clear cells in the inflamed sublining layer stained positive
with the gag probe. The number of virus-replicating cells
peaked at 12 days after intracarpal infection (8 to 10
positive cells per 10-mm? synovial tissue; Table 2). At this
stage, viral RNA was found in the synovial lining layer and
in subintimal areas infiltrated by large numbers of mono-
nuclear cells (Figure 1a). In the mock-infected carpal
joint, very few cells (zero to three cells per tissue section)
stained positive for viral RNA and no or only weak inflam-
mation of the synovium was noted (Tables 1 and 2). At
later time points (33 days or 1 year after infection), levels
of viral RNA in synovial membranes were in most cases
below the limit of detectability for the in situ hybridization
technique, although histologically, the synovial mem-
branes appeared inflamed. Accordingly, no virus-ex-
pressing cells were detected by in situ hybridization in
synovial fluid cells of animals infected for longer than 12
days (not shown). In goats with severe clinical arthritis,
however, viral RNA was again detected in the synovial
membrane (Table 2). In most cases, cells expressing
viral gag RNA were found in restricted foci at the rim of or
outside inflamed areas. Viral RNA was often detected in
cells located between collagen fibers in fibrotic areas
almost devoid of inflammatory cells (see Figure 3b).
Double-staining experiments revealed that some of the
cells expressing viral RNA also strongly expressed MHC
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Figure 1. Detection of viral RNA and cytokine mRNA in the joint of a goat experimentally infected with CAEV at 12 days after infection. Synovial membrane tissue
section of the left carpal joint of goat 17 was hybridized with a probe specific for viral gag RNA (a), IFN-y mRNA (b; subsequent tissue section to a), IL-2 mRNA
(C), and IL-10 mRNA (d). e: Double staining of viral gag RNA (black) and MHC class II DR (brown). Original magnification, X400.

class Il DR molecules, irrespective of the duration of
infection (Figure 1e). Morphologically, most of these dou-
ble-stained cells resembled macrophages. Fibroblast-
like cells and very rare endothelial cells were also found
to express viral RNA.

We did not find substantial numbers of virus-express-
ing cells in draining subscapular lymph nodes of goats
experimentally infected for 6 days to 1 year (zero to three
positive cells per lymph node cross section; Table 2).
Most subscapular lymph nodes of goats with clinical
arthritis, however, contained cells expressing viral RNA
(7 to 50 positive cells per cross section). Stained cells
were found either scattered and/or in clusters in the para-
cortex, in follicles, and in the medulla. Occasionally, viral

RNA was detected in large foamy cells with multiple
nuclei. We were not able to detect diffuse follicular stain-
ing originating from virions trapped on follicular dendritic
cells as has been described for HIV, SIV, and FIVv,36-38
although various proteinase K concentrations were
tested for in situ hybridization.3”

Detection of IFN-y mRNA in Synovial
Membranes
IFN-y mRNA was not detected in the synovial membrane

6 days after experimental infection although mononuclear
inflammatory cells were present at this stage. At day 12,
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Table 3. Expression of Cytokine mRNA in Synovial Membranes
Duration of CAEV
infection TNF-a MCP-1 IFN-y IL-2 IL-6 IL-8 IL-10
6 days ++ +++ - - —/+ - -
12 days +4+ +++ + + [+ ++ - +
33 days ++ ++ - - +/++ - +
>2 years ++ +++ —/+ =/+ ++ - +

(clinical arthritis)

In situ hybridization of cytokine mRNA in synovial membranes of CAEV-infected goats. The left carpal joints of experimentally infected goats (days
6, 12, and 33 after infection) were analyzed. Both carpal joints of naturally infected goats were analyzed. —, not detected; —/+, not detected in every

goat; +, occasional positive cells (<1%); ++, areas with up to 20% positive cells; +++, areas with more than 20% positive cells.

IFN-y mRNA-expressing cells with a lymphocyte mor-
phology were detected in mononuclear infiltrates. By an-
alyzing subjacent tissue sections of goats infected for 12
days, we noted that IFN-y-expressing cells always co-
localized with areas in which viral RNA was detected
(Figure 1, a and b). Single IFN-y-positive cells were found
within mononuclear infiltrates, and virus-expressing cells
were located adjacent to the infiltrate, often in cells be-
tween collagen fibers. No IFN-y mRNA was found in
synovial membranes of goats infected for longer than 12
days or of goats with subclinical or mild clinical arthritis
(Table 2). Analogously, these goats had no, or very little,
detectable viral RNA in the inflamed synovium. In syno-
vial membranes of goats with more severe clinical arthri-
tis, however, IFN-y-expressing cells were found, although
not in large numbers (Table 2). In most cases, these cells
again co-localized with areas with detectable virus ex-
pression (see Figure 3, a and b). Lymphoid-like follicles
only very rarely contained single IFN-y-mRNA-positive
cells. Hence, at all stages studied, IFN-y mRNA and
CAEV RNA were found to be co-expressed in the syno-
vium, which suggests that CAEV stimulates local IFN-y
expression or vice versa.

Detection of IL-2 and IL-10 mRNA in Synovial
Membranes

Only few cells (less than 1% of inflammatory cells) in the
inflamed synovium were found to express IL-2 or IL-10
message using the in situ hybridization method (Table 3).
Both at early and late time points, single cells with lym-
phocyte morphology were expressing IL-2 or IL-10
mRNA (Figure 1, ¢ and d; Figure 4, c and d). These cells
were mostly located in perivascular infiltrates or close to
the synovial lining layer. As numbers of stained cells were
small, no correlation with viral RNA expression could be
established.

Detection of TNF-a, IL-6, and MCP-1 mRNA in
Synovial Membranes

Cells expressing TNF-a, MCP-1, and IL-6 mRNA were more
abundant in caprine arthritis than cells expressing IL-2,
IL-10, and IFN-y mRNA. Interestingly, cytokine expression
was not uniform throughout the inflamed synovium but con-
fined to certain inflammatory areas, whereas other areas,
although histologically identical, did not stain with any of the

cytokine probes tested. A subset of mononuclear infiltrates
were highly expressing MCP-1, TNF-q, IL-6, and in some
instances, IFN-y mRNA as well as viral RNA, whereas other
areas did not contain detectable cytokine message, sug-
gesting that not all mononuclear cell aggregates were in the
same activation state. Due to the heterogeneity of cytokine
expression in the synovial membrane, the percentage of
stained cells in positive mononuclear aggregates instead of
total numbers of stained cells was determined for each time
point (Table 3).

In an earlier report, we demonstrated the presence of
TNF-a mRNA in joints of goats with clinical arthritis.33
These studies have now been extended to earlier time
points of CAEV infection. TNF-a mRNA was detected in
the infected synovium as early as 6 days after infection,
mostly in areas infiltrated by mononuclear cells and also
in cells of the synovial lining layer. MCP-1 mRNA was
detected in the same regions as TNF-a. At this stage,
only very few inflammatory cells (less than 1%) stained
with the IL-6 probe. Twelve days after intracarpal infec-
tion, TNF-a was expressed in infiltrated subintimal layers
and in infiltrated synovial villi (Figure 2c). A few cells of
the synovial membrane lining layer were also stained.
Morphologically, most TNF-a-expressing cells resembled
macrophages that were abundant in perivascular infil-
trates (von Bodungen et al, submitted). MCP-1 mRNA
was expressed in synovial lining layer cells and in
perivascular infiltrates as well as in scattered cells
throughout the subintima. Some fibroblast-like cells also
expressed MCP-1 mRNA. IL-6 mRNA was detected in
cells within or close to the synovial lining layer and in
perivascular infiltrates. Morphologically, these cells re-
sembled macrophages, lymphocytes, and fibroblasts.

In synovial membranes of goats with clinical arthritis,
TNF-a-expressing cells were less abundant than in goats
infected intracarpally for 12 days. In clinical arthritis, only
few regions contained TNF-a-expressing cells. The pat-
tern of MCP-1 expression, however, was similar to that
found at 12 days after infection. Abundant MCP-1 mes-
sage was found in synovial lining layer cells, scattered
inflammatory cells in the subintima and in perivascular
infiltrates (Figure 3c). IL-6 mRNA was mostly detected in
cells close to the lining layer (sometimes adjacent to
plasma cell aggregates) and in infiltrated villi whereas
perivascular infiltrates in the deeper layers of the tissue
did not contain many IL-6 mRNA-expressing cells (Figure
4a). Plasma cell aggregates did not express detectable
message for IFN-y, TNF-a, MCP-1, or IL-6.
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Figure 2. Detection of IL-6, TNF-a, and MCP-1 mRNA in the joint of a goat experimentally infected with CAEV at 12 days after infection. Synovial membrane tissue
sections of the left carpal joint of goat 17 hybridized with probes specific for IL-6 mRNA (@), TNF-a mRNA (¢), and MCP-1 mRNA (d). b: Control in situ
hybridization with a sense IL-6 RNA probe. Original magnification, X400 (a, ¢, and d and X100 (b).

A few MCP-1 and TNF-a mRNA-expressing cells but
no cells expressing IFN-v, IL-2, IL-6, or IL-10 mRNA were
detected in synovial membranes of mock-infected carpal
joints at days 6 or 12 after infection as well as in synovial
membranes from uninfected goats (not shown).

Control in situ hybridization experiments with sense
cytokine probes revealed no specific staining (Figure
2b).

Subjacent tissue sections were analyzed to study a
possible correlation between viral replication and cyto-
kine expression in infected cells. MCP-1 mRNA was al-
ways present in areas containing virus-expressing cells,
although it was also found in some areas lacking detect-
able viral RNA. TNF-a- and IL-6-expressing cells were not
consistently found in areas in which viral RNA was de-
tected, which makes it unlikely that CAEV directly in-
duces these two cytokines in situ. We were unable to
detect IL-8 message in caprine arthritis, irrespective of
the duration of infection or the presence of viral tran-

scripts in the joint. To check whether this was due to
insufficient sensitivity of the IL-8 hybridization probe,
granulomatous tissue from a goat that had been subcu-
taneously injected with complete Freund’s adjuvant was
analyzed. Numerous IL-8 mRNA-expressing cells were
readily detected in areas infiltrated by macrophages,
lymphocytes, and neutrophils (not shown), which thus
confirms the sensitivity of the hybridization method.

Detection of Cytokine mRNA in Draining Lymph
Nodes

As IL-2, IL-10, and IFN-y mRNA-expressing cells were
rare in the synovium and therefore difficult to quantify, we
decided to additionally analyze the subscapular lymph
nodes draining the carpal joint. Three to six cross sec-
tions of subscapular lymph nodes of experimentally and
naturally infected goats were analyzed by in situ hybrid-
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Figure 3. Detection of viral RNA, IFN-y mRNA, and MCP-1 mRNA in the joint
of a goat with clinical arthritis. Subsequent synovial membrane tissue sec-
tions of goat 85-14 were hybridized with probes specific for IFN-y mRNA (a),
viral gag RNA (b), and MCP-1 mRNA (¢). The arrow denotes a single cell
stained with the IFN-y mRNA probe. Original magnification, X100.

ization, and stained cells were counted. For comparison,
subscapular lymph nodes draining the mock-infected
joints and subscapular lymph nodes from two uninfected
goats were included (Figure 5). Enhanced cytokine ex-
pression in the draining lymph nodes was found between
6 and 12 days after experimental infection as well as in
chronically infected animals with clinical arthritis. At days
6 or 12, expression of IFN-y, IL-10, and to a lesser de-
gree, IL-2 mRNA in the left subscapular lymph nodes was
increased compared with the right subscapular lymph
nodes draining the mock-infected joints. Increased cyto-
kine expression in the left nodes may well have reflected
an ongoing local immune response against CAEV inoc-
ulated into the left carpal joint. Morphologically, cells
expressing IFN-v, IL-2, or IL-10 message resembled lym-
phocytes and were located in the paracortex, in the me-
dulla adjacent to the paracortex, and to a lesser degree,
in follicles. In long-term infected animals without clinical
arthritis, no increased levels of IFN-vy, IL-2, or IL-10 mRNA
were found in subscapular lymph nodes compared with
control lymph nodes, although a histological examination
of the carpal joints revealed considerable inflammation

(Table 1). In contrast, elevated levels of cytokines were
found in nodes draining arthritic joints (Figure 5). Inter-
estingly, the highest levels of IFN-vy, IL-2, and IL-10 ex-
pression were found in one of the two subscapular lymph
nodes of animal 53. This lymph node- also exhibited the
highest viral load of all lymph nodes tested (Table 2).
Analogous to the synovium, IFN-y expression in the
lymph node appeared to be stimulated by local expres-
sion of CAEV. In most cases, areas of the nodes contain-
ing detectable viral RNA also contained cells expressing
IFN-y mRNA as determined by in situ hybridization of
subjacent sections (not shown). In contrast to the situa-
tion observed in the synovial membranes, however, IFN-y
mRNA-positive cells were also found in lymph nodes
lacking detectable viral RNA.

In comparison with control nodes from uninfected an-
imals, IL-2 mRNA expression was increased in lymph
nodes of two goats with mild clinical arthritis but sup-
pressed in nodes of two goats with severe clinical arthritis
(Figure 5).

Discussion

The arthritis caused by CAEV is the result of persistent
infection and develops slowly over a period of months to
years. The histopathological lesions of caprine arthritis
are similar to those of RA in humans, a condition for which
an infectious cause has been postulated but not demon-
strated.®~"" With respect to a possible role played by
viruses in RA, studies of the very early stages of the
disease would appear particularly relevant because vi-
ruses may trigger inflammation that may subsequently
develop in an autonomous fashion. However, for obvious
reasons, invasive studies of inflamed articular tissue of
early-stage RA are difficult to carry out in humans. Such
investigations are more feasible in CAEV-induced arthri-
tis. The typically slow course of pathogenesis can be
speeded up by injection of virus directly into the synovial
cavity. 239 Using this mode of infection, the histological
appearance at 1 month after infection closely resembled
that after 1 to 2 years of natural infection'? (von Bodun-
gen et al, submitted). We observed that the relative pro-
portions of synovial macrophages, CD4*, CD8", and y8
T cells were essentially the same in experimentally in-
fected goats at 33 days after infection as in naturally
infected goats with chronic arthritis® (von Bodungen et al,
submitted). In this study, we have investigated the rela-
tionship between the kinetics of viral replication and cy-
tokine expression. Our key findings may be summarized
as follows. First, CAEV RNA was readily detected early
after experimental infection (days 6 and 12), but at later
time points, no or only very few cells expressing viral RNA
were found in the joint by in situ hybridization even though
the inflammation persisted. Significant numbers of viral
RNA-expressing cells were found only in naturally in-
fected goats with severe clinical arthritis. Second, the
pattern of cytokine expression in goat lentiviral arthritis
resembled that seen in RA, with few cells expressing
IFN-y and IL-2 mRNA and a larger number of cells ex-
pressing MCP-1, IL-6, and TNF-a mRNA. Third, IFN-y
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Figure 4. Detection of cytokines and plasma cells in the joint of a goat with clinical arthritis. Synovial membrane tissue sections of goat 85-14 hybridized with
a probe specific for IL-6 mRNA (@), IL-2 mRNA (c), and IL-10 mRNA (d). b: Similar region as in a stained with an anti-goat IgG antibody (Fast red). Original

magnification, X400.

mRNA was always co-localized with viral RNA. And
fourth, inflammation developed in a highly compartmen-
talized fashion, with cellular and humoral immune re-
sponses occurring concurrently but in different regions of
the synovial membrane.

The mechanisms leading to rapid inhibition of produc-
tive virus expression in the joint after experimental infec-
tion are currently unknown. Large numbers of CD8" lym-
phocytes as well as CD4™ lymphocytes were found in
synovial membranes at 12 days after infection (von
Bodungen et al, submitted), and shortly afterwards, anti-
viral antibodies became detectable in the serum. Hence,
cellular as well as humoral antiviral immune responses
and/or soluble antiviral mediators may be involved in the
suppression of CAEV replication. In many cases, the
specific hybridization signal for viral RNA was located in
the nucleus, but not in the cytoplasm, of infected cells,
which argues in favor of a possible restriction of virus
replication.

In all except two animals, virus was successfully iso-
lated from synovial fluid (Table 1), which suggests that,
even in goats lacking detectable viral RNA-expressing
cells, the virus had not been eliminated from the joint.
This is indicative of either the persistence of provirus in
synovial fluid cells or a presence of low titers of cell-free
virus in the synovial fluid.

At 6 days after infection, virus was also isolated from
the synovial fluid of contralateral, mock-infected carpal
joints but not from that of tarsal joints (Table 1, not
shown). Nonspecific irritation associated with mock infec-
tion may favor the homing of virus to the joint. This inter-
pretation is supported by experiments showing that virus
can readily be demonstrated also in tarsal joints 12 days
after intravenous and intracarpal infection if the tarsal
joints had been mock infected (not shown).

The numbers of virus-expressing cells in subscapular
lymph nodes observed between 6 days and 1 year after
infection were surprisingly small (Table 2). This is clearly
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Figure 5. Expression of cytokines in prescapular lymph nodes of CAEV-
infected goats. Prescapular lymph nodes of experimentally and naturally
infected goats (see Table 1) were analyzed. Three to six cross sections of the
left and right prescapular lymph nodes of each goat were hybridized with
IFN-y, IL-2, or IL-10 mRNA probes, and stained cells were counted. Results of
the left and right nodes are shown. Prescapular lymph nodes of two unin-
fected goats were included as a control. B, lymph nodes draining joints
without clinical arthritis; B, lymph nodes draining joints with clinical arthritis.

different from the situation observed in lymph nodes of
HIV-infected humans,*® SiV-infected macaques,384142
and FIV-infected cats,*>43 where high viral loads are
found in the acute stage of infection and, in some cases,
also in the asymptomatic stage.

Our short-term model of CAEV infection permitted us to
follow the expression of cytokines in the joint from the
onset of inflammation. The pattern of expression of some,
but not all, cytokines investigated was similar to that
observed in RA. In CAEV-induced arthritis, the T-lympho-
cyte-derived cytokines IL-2 and IFN-y were detected in
only a few cells in the synovial membrane whereas
MCP-1, IL-6, and TNF-a were expressed more abun-

dantly at all stages (Table 3). Surprisingly, IL-2 and IFN-vy
expression was not only relatively low in late-stage arthri-
tis but also at early time points, eg, at day 12 when virus
expression was at its peak. There has been a controversy
regarding the contribution of T lymphocytes to the patho-
genesis of RA due to low expression of IL-2 and IFN-y
mRNA and protein.** Recently, it has been shown that
IL-15 is expressed at relatively high levels in RA, which
might contribute to the chemoattraction and activation of
T lymphocytes in the absence of abundant IL-2 and IFN-y
expression.*® IL-15 might therefore be an attractive can-
didate for future studies on the role cytokines play in goat
lentiviral arthritis.

Differences between CAEV-induced arthritis and RA
were found with respect to IL-8 and IL-10. In caprine
arthritis, IL-10 message was detected only in few lympho-
cyte-like cells, whereas in RA, IL-10 protein was demon-
strated in numerous lymphocytes as well as macro-
phages by immunohistochemistry.*647 Gene expression,
as assayed by us, may not directly reflect the presence of
protein, as assayed in the studies of RA. It seems less
likely that IL-84® can be explained in the same way. IL-8
is a strong chemoattractant for neutrophils, a cell type
that is present in RA but uncommon in caprine arthritis.
We have recently shown that infection of blood-derived
macrophages with CAEV leads to increased expression
of MCP-1 and IL-8 mRNA in vitro (F. Lechner, J. Machado,
G. Bertoni, H.F. Seow, D.A.E. Dobblelaere, E. Peterhans:
Caprine arthritis encephalitis dysregulates the expres-
sion of cytokines in macrophages. J Virol (in press).)
Similarly, infection of alveolar macrophages in vitro with
the related maedi visna virus leads to enhanced IL-8
expression.*® However, we failed to detect IL-8 mRNA-
expressing cells in synovial membranes at any stage of
caprine arthritis, even when cells expressing viral RNA
were present. Interestingly, in vitro, induction of IL-8 was
observed only in macrophages replicating CAEV at max-
imal levels. Such high levels may not be achieved in vivo,
due to a rapid elimination of infected cells by the immune
system. Alternatively, the expression of IL-8 may be reg-
ulated differently in vitro compared with in vivo. In contrast
to IL-8, MCP-1 transcripts were consistently detected in
those regions of the synovium containing virus-express-
ing cells (Figure 3c), which suggests that local CAEV
replication may directly increase the expression of this
cytokine in vitro (Lechner et al, submitted) as well as in
vivo. As MCP-1 transcripts were also observed in synovial
membranes lacking detectable viral RNA, expression of
this cytokine may, in addition, be regulated by nonviral
mechanisms. MCP-1 was the most abundantly ex-
pressed cytokine in joints of goats with clinical arthritis
(Table 3). Similar to RA,%° this cytokine was strongly
expressed in cells in the synovial lining layer as well as in
mononuclear infiltrates in the subintima. MCP-1 acts as a
chemoattractant for monocytes/macrophages as well as
lymphocytes®'>® and may therefore contribute to a
mononuclear infiltration of the synovium. Furthermore,
MCP-1 activates monocytes to express adhesion mole-
cules and secrete other cytokines.>* Interestingly, MCP-1
has recently been shown to support Th2 immune re-
sponses in a murine model.®® It is therefore tempting to



speculate that MCP-1 may be involved not only in the
accumulation of inflammatory cells but also in supporting
type 2 immune responses.

Six days after intracarpal infection of goats, viral RNA,
but no IFN-y mRNA, was detected in the joint (Table 3).
Twelve days after infection, viral RNA and IFN-y mRNA
were expressed in a co-localized fashion, and at 33 days
after infection, neither were detected any longer. The role
of IFN-y in the immune response against CAEV is at
present unclear. On the one hand, in many viral models,
IFN-y was found to play an important antiviral role by
stimulating both the innate and the adaptive immune
system.5¢=%8 On the other hand, IFN-y may activate viral
transcription by binding to IFN-y-responsive elements
(y-activated sites) present in the long terminal repeat of
the CAEV genome.®® It is also conceivable that IFN-vy-
mediated virus activation in latently infected cells may
subsequently lead to recognition and elimination of these
cells by the immune system.

IL-6, which was highly expressed in caprine arthritis,
has been shown to co-stimulate T lymphocytes®® and act
as a B cell differentiation factor.6€2 Interestingly, IL-6-
positive cells were often located adjacent to plasma cell
aggregates in the synovium (Figure 4, a and b), which
suggests that IL-6 may contribute to local maturation of B
cells into plasma cells in the synovial membrane. It re-
mains to be shown whether these plasma cells are the
source of the high titer of antiviral antibodies found in the
synovial fluid.®® It has previously been proposed that a
shift from a predominant type 1 to a type 2 immune
response may correlate with the severity of arthritis 82764
However, the pattern of cytokine expression observed in
this study suggests that the situation may well be more
complex. The fact that synovial membranes and draining
lymph nodes contained cells expressing IFN-y (a cyto-
kine typical of a type 1 immune response) both during
acute infection (day 12) and in goats with severe clinical
arthritis, demonstrates that goats with clinical arthritis do
not exhibit a general deficiency in IFN-y expression in
response to CAEV. Local IFN-y mRNA expression de-
pended more on the presence of viral transcripts than on
the stage of arthritis. However, preliminary experiments
revealed that IL-10 expression (supporting type 2 im-
mune responses) appeared to be increased in lymph
nodes of goats with chronic arthritis (not shown). We were
unable to detect IL-4 transcripts in the synovium or in
lymph nodes of CAEV-infected goats. We do not know to
date whether this is due to a lack of sensitivity of the in situ
hybridization method or whether, similarly to RA,'®17 |L-4
is not significantly expressed in CAEV-induced arthritis.

The fact that we used in situ hybridization to study the
expression of cytokines and viral replication enabled us
to make an observation that we believe may add an
important extension to the general concept of the type
1/type 2 paradigm; we observed a striking compartmen-
talization of the inflamed synovium at the level of both
cytokine expression and virus replication. Taking into
account the histological and in situ hybridization results
obtained in the synovial membrane makes it difficult to
classify caprine arthritis as a type 1 or a type 2 disease.
On the basis of the finding that IFN-y mRNA and viral
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RNA were expressed in a restricted and co-localized
fashion, we hypothesize that areas with a predominant
expression of this type 1 cytokine may represent sites
with an ongoing cellular immune response against the
virus. In contrast, areas with mainly plasma cell aggre-
gates and lymphoid-like follicles may be indicative of a
type-2-centered, mainly humoral, response. Both types of
response occur concurrently, but in different regions, in
the same arthritic joint. Over the period of observation,
areas with a predominantly humoral immune response
tended to outweigh those with an ongoing cellular im-
mune response. The transition from a predominantly cel-
lular to a predominantly antibody-centered immune re-
sponse during the course of infection may be irreversible,
thus leading ultimately to an inflammation characterized
by an extensive accumulation of plasma cells. As out-
lined above, it will be interesting to determine the spec-
ificity of the antibodies released from these plasma cells.
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