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The role of autoimmunity in large-vessel vasculitis in humans remains unclear. We have previously shown
that infection of gamma interferon receptor knockout (IFN-yR~/~) mice with gammaherpesvirus 68 (YHV68)
results in severe inflammation of the large elastic arteries that is pathologically similar to the lesions observed
in Takayasu’s arteritis, the nongranulomatous variant of temporal arteritis, and Kawasaki’s disease (K. E.
Weck et al., Nat. Med. 3:1346-1353, 1997). Here we define the mechanism of damage to the elastic arteries. We
show that there is a persistent productive infection of the media of the large elastic vessels. In addition, we
demonstrate that persistent virus replication is necessary for chronic arteritis, since antiviral therapy of mice
with established disease resulted in increased survival, clearance of viral antigen from the media of the affected
vessel, and dramatic amelioration of arteritic lesions. These data argue that ongoing virus replication, rather
than autoimmunity, is the cause of yYHV68-induced elastic arteritis.

The potential etiologies of human inflammatory vascular
diseases can be grouped into three categories: (i) infection
mediated, dependent on infection for initiation and mainte-
nance of disease; (ii) infection initiated, but maintained by
subsequent induction of autoimmunity; or (iii) unrelated to
infection, and therefore induced by autoimmunity or some
other undefined factor. A number of animal models have been
used to study the relationship between infection and vascular
disease (reviewed in reference 3). Of these models, murine
gammaherpesvirus 68 (yHV68)-induced arteritis has several
distinct advantages (30, 33). The murine system has well-de-
fined genetics and a manipulable immune system. In addition,
YHV68 is amenable to genetic analysis, allowing specific viral
genes involved in pathogenic processes to be identified (2, 29).
Finally, YHV68 infection consistently results in chronic elastic
arteritis within 3 to 6 weeks postinfection, allowing us to ac-
curately predict when disease will occur and affording the op-
portunity to focus studies over a relatively short time.

Gamma interferon receptor knockout (IFN-yR /7) mice
are very susceptible to YHV68-induced vascular disease. After
infection, the elastic arteries develop intense mononuclear in-
flammation and thickening of the intima and adventitia, with a
neutrophilic infiltrate extending into the media and necrosis of
smooth muscle cells (38). Viral antigen is detectable in smooth
muscle cells of the media weeks to months after visceral
infection is cleared to undetectable levels (38). Inflammatory
lesions surround areas of medial infection, while uninfected
regions do not show pathology (38). Notably, Takayasu’s ar-
teritis, the nongranulomatous variant of temporal arteritis, and
Kawasaki’s disease all exhibit pathology similar to the lesions
observed in yHV68-infected IFN-yR /"~ mice.

Here, we determine whether ongoing virus infection is re-
quired for maintenance of chronic YHV68-induced arteritis.
Of the three possible processes for induction and maintenance
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of arteritis enumerated above, we sought to distinguish be-
tween the two possibilities contingent on induction by an in-
fectious agent. In particular, we determined whether the per-
sistent viral antigen detectable in the arteritic media reflected
chronic virus replication, and whether ongoing productive in-
fection was required for the maintenance of vascular pathology.

MATERIALS AND METHODS

Viruses and tissue culture. YHV68 (WUMS clone [32]) was passaged and
assayed as previously described (37). The virus was diluted in low-endotoxin
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal
calf serum, 100 U of penicillin/ml, 100 mg of streptomycin/ml, 10 mM HEPES,
and 2 mM L-glutamine (complete DMEM) for infection.

Mouse strains. Mice were bred and housed at the Washington University
School of Medicine at biosafety level 2 in accordance with all federal government
and University policies. Mice were on a pure 129Ev/Sv background. IFN-yR ™/~
and 129 mice were obtained from Michel Aguet (20).

Infection and analysis of infected mice. Mice were infected intraperitoneally at
the age of 5 to 7 weeks with different doses of yHV68 in 0.5 ml of complete
DMEM. Organs were titered by plaque assay on NIH 3T12 cells (ATCC CCC
164) (37). Organs for pathology were collected into 10% buffered formalin and
embedded in paraffin for sectioning and staining with hematoxylin and eosin
(H&E) as previously described (38). Parallel sections were used for immuno-
staining and DNA in situ hybridization. Slides were read in a blinded fashion by
A.J.D. for arteritis and viral antigen staining. Lesion scores were determined by
criteria set forth in Table 1. Slides were read blinded by Eric T. Clambey, A.J.D.,
and H.W.V., and scores were averaged for each specimen. Microscopy pictures
were taken on a Zeiss microscope equipped with a Spot camera and Spot
software 1.1 (Diagnostics Instruments, Sterling Heights, Mich.) and with North-
ern Eclipse v2.0 software (Empix Imaging, North Tonawanda, N.Y.).

Immunohistochemistry. Immunohistochemical staining was performed as pre-
viously described (38). Briefly, a 1:8,000 dilution of an anti-yHV68 polyclonal
rabbit serum, generated by infection of rabbits with YHV68 as previously de-
scribed (38), was used as the primary antibody. A horseradish peroxidase (HRP)-
conjugated donkey anti-rabbit secondary antibody (Jackson ImmunoResearch)
was used at 1 pg/ml. Biotin Tyramide Plus (tyramide signal amplification [TSA];
NEN Life Science Products, Boston, Mass.) was used at a 1:1,000 dilution for
signal amplification, followed by HRP-conjugated streptavidin (Jackson Immu-
noResearch) at 1 pg/ml. HRP activity was localized by a 5-min incubation in
DAB/metal solution (Pierce, Rockford, IIL.).

DNA in situ hybridization. In situ hybridization was performed with a bio-
tinylated yYHV68-specific probe targeted to the 40-bp BamHI repeat region
within the viral genome (probe sequence, biotin-TCCGGGCCCCAGCTCG
GGAGGGGGCCGGGGAGGTCGGGGA). A control murine cytomegalovirus
(MCMYV)-specific probe with a similar G+C content was made (probe sequence,
biotin-AGTCAGCCTCCGGGCCGCGCGCCGCGTCCGCGGGAAGGCQG).
Tissue sections were deparaffinized in xylene, rehydrated through ethanol gra-
dients, and fixed with fresh, chilled 4% paraformaldehyde in phosphate-buffered
saline (PBS) for 20 min. Sections were treated with 20 pg of proteinase K/ml in
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Tris-EDTA (TE) for 15 min at room temperature, then refixed with 4% para-
formaldehyde for 5 min. Probes were added to a concentration of 375 fmol/pl in
preheated (55°C) hybridization solution (50% formamide, 0.3 M NaCl, 20 mM
Tris-HCI [pH 8.0], 5 mM EDTA, 10 mM NaPO, [pH 8.0], 10% dextran sulfate,
1X Denhardt’s solution) plus 100 pg of salmon sperm DNA/ml. The probe
solution was put on siliconized coverslips and placed on aortic sections. The
edges of the coverslips were sealed with rubber cement. Slides were heated to
90°C for 5 min and then incubated overnight at 42°C. The rubber cement was
removed, and slides were washed at 37°C for 15 min each with 5X SSC (1x SSC
is 0.15 M NaCl plus 0.015 M sodium citrate), 2X SSC, and 1X SSC, followed by
two 5-min PBS washes at room temperature. Slides were then treated with 0.3%
H,0, in PBS for 5 min, washed, and blocked (1% bovine serum albumin [BSA],
0.2% powdered skim milk, 0.3% Triton in PBS) for 30 min. Specific signal was
detected using HRP-streptavidin (Jackson ImmunoResearch) at 0.5 pg/ml for
1 h at room temperature, followed by amplification with Biotin Tyramide Plus
(NEN Life Sciences) at a 1:1,000 dilution for 5 min. HRP-streptavidin (Jack-
son ImmunoResearch) at 1 pg/ml was then added for 30 min, and HRP activity
was localized by tetramethylbenzidine (Moss Inc., Pasadena, Md.) deposition for
5 min.

Electron microscopy. Tissue was fixed upon death or at sacrifice by perfusion
with 3% glutaraldehyde in 0.1 M cacodylate buffer (0.1 M sodium cacodylate in
water [pH 7.0], to which 0.54% [wt/vol] dextrose was added). All incubations
were carried out at room temperature, unless otherwise noted. Tissue was rinsed
in 0.1 M cacodylate buffer for 25 min, stained in 1% (wt/vol) OsO4 (in cacodylate
buffer) for 60 min, then washed in 1.0 M cacodylate buffer. It was then placed in
50% ethanol for 25 min, immersed in 3% (wt/vol) uranyl acetate (in water) for
25 min, and then put through an alcohol gradient (75, 95, and 100% ethanol).
Tissue was then placed in a BEEM embedding capsule (Electron Microscopy
Sciences, Fort Washington, Pa.) and immersed first in a 50:50 mix of Spurr resin
(hydrophobic methacrylate resin)-100% ethanol for 2 h and then in 100% Spurr
resin for 2 h. The resin was then polymerized at 80°C for 12 h. One-micrometer-
thick sections were cut and stained with toluidine blue to evaluate tissue by light
microscopy. Ultrathin sections (500 to 700 A) were cut, placed on 100/200-mesh
copper grids, and stained with 0.2% (wt/vol) lead citrate (in distilled water) for
1 to 2 min. Specimens were evaluated with a Philips CM10 electron microscope.

Antiviral therapy. Cidofovir (Vistide; Gilead Sciences, Foster City, Calif.) was
diluted in low-endotoxin PBS to 6.25 mg/ml and filter sterilized. Cidofovir was
administered subcutaneously in the scruff of the neck at a dose of 25 mg/kg of
body weight (80 to 150 wl/mouse) (22). Individual mice were weighed each time
prior to injection. To test drug efficacy, SCID mice were infected with 1,000 PFU
of YHV68 and treated with cidofovir as indicated in the legend to Fig. 2. Mice
were sacrificed 10 days postinfection (p.i.), and spleens were harvested for a
plaque assay to determine viral titers. For short- and long-term therapy of
IFN-yR ™/~ mice, mice were given a 2-day loading dose (25 mg/kg subcutane-
ously, starting on day 24 p.i.) and were then injected every 3rd day with the same
dose for 3 weeks. Mice were injected twice a week for the remaining time of
therapy. For short-term therapy, mice were treated for 4.5 weeks and were
sacrificed 56 or 57 days p.i. For long-term therapy, mice were treated for 8.5
weeks and were sacrificed 84 or 85 days p.i.

Statistical analyses. Data were plotted and statistically analyzed using Graph-
Pad Prism (GraphPad Software, San Diego, Calif.). Statistics on survival data
were performed using the Mantel-Haenzel test. Nonparametric analysis of ar-
teritis scores was carried out using a two-tailed Mann-Whitney test. All other
results were analyzed with unpaired ¢ tests or chi-square tests.

RESULTS

Chronic replication of yHV68 in the aortic media. Viral
antigen, surrounded by intimal and adventitial inflammation,
was previously observed in the media of yYHV68-induced ar-
teritic lesions in IFN-yR ™/~ mice months p.i. (38). The ongo-
ing presence of viral antigen in the media of the great elastic
arteries could reflect either continued virus replication or fail-
ure to clear viral antigen from the media after viral replication
had ceased. We distinguished between these possibilities using
in situ hybridization to detect the presence of viral DNA and
electron microscopy to detect the presence of virions.

DNA in situ hybridization with a yHV68-specific probe de-
tected viral genome in the media of an arteritic lesion from
an IFN-yR™'~ mouse (Fig. 1B). The area positive for viral
DNA corresponded to the region containing yYHV68 antigen
by immunohistochemistry (data not shown). A control G+C-
matched probe, specific for a region of the MCMV genome,
resulted in no medial staining (Fig. 1C; note that the light blue
staining in the lumen represents background staining from the
glass slide and was observed with both the YHV68 and MCMV
probes). The presence of YHV68 DNA and viral antigen within
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the media is most consistent with ongoing virus replication in
the vessel wall. This was confirmed using electron microscopy
of aortic lesions, which revealed abundant extracellular virions,
as well as cytoplasmic viral particles, within smooth muscle
cells of the arteritic media (Fig. 1D to F). Death of infected
cells within the media was noted, consistent with a lytic infec-
tion. These data demonstrate ongoing productive infection
within smooth muscle cells of the aortic media.

Cidofovir inhibits yHV68 replication in SCID mice. We
considered two potential mechanisms for chronic elastic arteri-
tis: (i) virus-induced tissue damage leading to an autoimmune
response, the latter being important for maintenance of in-
flammation or (ii) the inflammatory response being solely de-
pendent on continued virus replication in the vessel wall. To
differentiate between these possibilities, we tested whether vi-
ral replication was necessary for the maintenance of viral an-
tigen within arteritic lesions, and for the persistence of inflam-
matory pathology, by treating infected IFN-yR ~/~ mice with
an antiviral drug.

Cidofovir, a nucleoside analog, was used for the antiviral
therapy because it has been shown to be more efficacious in
blocking yYHV68 replication than other antiviral agents (21).
To determine an effective dosing schedule, CB.17 SCID mice
were infected with 1,000 PFU of yHV68 followed by treatment
with different cidofovir regimens using a dose based on a pre-
viously published study (21). Mice were sacrificed 10 days
postinfection, and virus titers in the spleen were determined
(Fig. 2). While spleens from untreated mice had ~10” PFU of
virus, mice treated with a 2-day loading dose of cidofovir (ad-
ministered on days 1 and 2 postinfection) had no detectable
virus in the spleen (Fig. 2; limit of detection, 50 PFU/organ).
One of four mice treated with the 2-day loading dose and then
given additional doses every 4th day had detectable virus in the
spleen (500 PFU/spleen), while the other three mice did not
have detectable virus in the spleen (Fig. 2; mice with no de-
tectable virus in the spleen were assigned a value of 50 PFU
based on the limit of detection of the plaque assay). Overall,
only 1 out of a total of 15 mice receiving cidofovir had detect-
able virus in the spleen compared to 4 of 4 untreated control
mice.

Decreased mortality of yHV68-infected IFN-yR™/~ mice
treated with cidofovir. Based on the efficacy of cidofovir treat-
ment in SCID mice, we designed a regimen for treatment of
chronically yYHV68 infected IFN-yR ™~ mice (see Materials
and Methods). We did not initiate cidofovir treatment until 24
days postinfection, at which time acute infection has resolved
in the spleen and lung (7, 26, 38). In addition, when a cohort of
IFN-yR™/~ mice were sacrificed 24 days postinfection, 83%
(15 of 18) had arteritis. Thus, the effect of therapy on estab-
lished arteritic lesions was assessed in these experiments.

In two experiments, mice were sacrificed after 4.5 weeks of
cidofovir therapy, while in two other experiments, therapy was
continued for 8.5 weeks. Across four experiments using 77
mice (21 PBS-treated control mice and 56 cidofovir-treated
mice), cidofovir treatment significantly improved survival (P =
0.0003). This effect was most prominent after prolonged ther-
apy. For the first 10 days of therapy, there was no difference
between the survival curves of PBS- and drug-treated mice,
consistent with the fact that arterial pathology was established
prior to initiating drug therapy. After 4.5 weeks of antiviral
therapy, the difference in survival between PBS- and cidofovir-
treated mice was not significant (P = 0.08 for data pooled from
all four experiments) (Fig. 3). Thus, cidofovir protects against
virus-induced mortality, but this requires prolonged therapy.

Antiviral therapy diminishes the severity of chronic YHV68-
induced arteritis. Cidofovir therapy resulted in significant
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FIG. 1. Chronic productive yYHV68 infection in the arteritic media. (A through C) Serial sections from an arteritic lesion in a YHV68-infected IFN-yR ™/~ mouse
that was sacrificed 11 weeks p.i. Adv, adventitia; M, media; I, intima; L, lumen. (A) H&E-stained section. (B) DNA in situ hybridization with a yYHV68-specific DNA
probe. Dark staining within the media represents specific signal. (C) DNA in situ hybridization with an MCMV-specific DNA probe. Light blue staining in the lumen
with both YHV68 and MCMV DNA probes represents background staining from the glass slide. (D) Electron micrograph of the media of an arteritic lesion from an
IFN-yR /= mouse that died 6 weeks p.i. Black arrows indicate extracellular mature virions. White arrows indicate virions in the cytoplasm of a smooth muscle cell
(SMC). EL, elastic lamina; SMC, smooth muscle cell. Magnification, X11,500. (E) Enlargement of region containing extracellular virions from the electron micrograph
shown in panel D. (F) Enlargement of region containing cytoplasmic virions from the electron micrograph shown in panel D.

changes in arteritic lesions. The presence of viral antigen was
assessed by immunohistochemistry, and the severity of the
inflammatory lesions was scored based on the nature and ex-
tent of mononuclear and neutrophilic infiltrates detected by
H&E histology (Fig. 5; see Table 1 for scoring criteria and Fig.

4 for representative lesions). While 19 of 19 PBS-treated mice
had viral antigen in their lesions, only 6 of 14 cidofovir-treated
mice sacrificed after 4.5 weeks of therapy had detectable viral
antigen in their lesions (P = 0.0002) (Fig. 5). Notably, cidofovir
treatment resulted in a significant decrease in the number of
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FIG. 2. Cidofovir treatment of yYHV68-infected SCID mice. Mice were in-
fected with 1,000 PFU of yHV68. Mice were either left untreated or given
subcutaneous injections of the antiviral drug cidofovir (25 mg/kg) beginning at
day 1 postinfection, as indicated. All treatments consisted of a 2-day loading dose
(days 1 and 2 postinfection) followed by the indicated schedules. Data are
means = standard errors of the means for 3 to 4 mice per group in a single
experiment. Mice were sacrificed 10 days postinfection, and splenic viral titers
were determined.

lesions with viral antigen at a time when no statistically signif-
icant difference in survival between control and treated ani-
mals was seen. Similarly, after 8.5 weeks of cidofovir therapy,
viral antigen was detectable in only 4 of 18 lesions from cido-
fovir-treated mice (P < 0.0001 compared to PBS controls)
(Fig. 5). Thus, cidofovir treatment resulted in clearance of viral
antigen.

Minimal differences in pathology were seen between lesions
from cidofovir-treated mice that still had viral antigen (average
lesion score, 4.2 = 0.1; Fig. 5, columns 2 and 4 combined) and
lesions from PBS-treated mice (average lesion score, 4.9 = 0.1;
Fig. 5, column 1). In contrast, lesions from cidofovir-treated
mice that had no detectable viral antigen showed improve-
ment. After 4.5 weeks of therapy, lesions without YHV68 an-
tigen lacked neutrophilic infiltrates, although they still had
pronounced intimal and adventitial infiltrates (average lesion
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FIG. 3. Cidofovir increases the survival of yHV68-infected IFN-yR ™/~ mice
infected with 4 X 107 PFU of virus. Antiviral therapy was initiated 24 days
postinfection, at which time a group of 18 mice were sacrificed; 15 of these (83%)
had arteritis. Each point represents an event (death or sacrifice). The arrow
indicates the day on which antiviral therapy was initiated. Asterisks represent the
time points at which mice were sacrificed. P = 0.0003 for the survival advantage
of cidofovir-treated mice over PBS-treated controls.
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TABLE 1. Scoring criteria for inflammatory lesions
Score Histology of lesions

0o Normal artery

DR Mild intimal/adventitial thickening with minimal infiltrates

S Pronounced intimal/adventitial mononuclear infiltrates; no
neutrophilic infiltrates

K TR Pronounced intimal/adventitial mononuclear infiltrates and
neutrophilic infiltrates at the adventitial/medial border

Lo Pronounced intimal/adventitial mononuclear infiltrates and
medial neutrophilic infiltrates

S Severe lesions with extensive neutrophilic infiltrates and/or

necrosis in the media

score, 2.4 = 0.4; Fig. 5, column 3; P < 0.0001 compared to
PBS-treated mice). After prolonged therapy (8.5 weeks), le-
sions without viral antigen demonstrated dramatic improve-
ment (average lesion score, 1.5 = 0.1; Fig. 5, column 5; P <
0.0001 compared to PBS-treated mice, P = 0.01 compared to
lesions without detectable viral antigen after 4.5 weeks of ci-
dofovir therapy). After prolonged therapy the intimal lesions,
in particular, had few inflammatory cells and there was only
mild intimal and/or adventitial thickening (Fig. 4C, 4D). Thus,
antiviral therapy initiated after the establishment of disease
resulted in clearance of viral antigen. Subsequent to antigen
clearance, the neutrophilic infiltrates resolved and, with time,
the intimal and adventitial mononuclear inflammation also
improved significantly.

DISCUSSION

Here we demonstrate that persistence of yYHV68 replica-
tion in the walls of the large elastic arteries is required for the
maintenance of arteritis. The dramatic amelioration of yYHV68-
induced lesions with antiviral therapy demonstrates that if
autoimmunity was induced during this vascular disease, it was
not sufficient for maintaining the inflammation once viral rep-
lication was inhibited. This result is consistent with the previ-
ous observation that inflammation did not extend to uninfected
regions of the aorta and pulmonary artery (38). This was par-
ticularly evident in skip lesions, where there was a normal
uninfected region flanked by two areas of arteritis; inflamma-
tion was restricted to regions of the vessel where viral antigen
was present (38). If autoimmunity was sufficient for disease,
one would expect that infiltrates would not be restricted to
infected areas.

For viral infection to induce autoimmunity, the antiviral
immune response would have to lead to recognition of self
antigens distinct from viral antigens. This could occur via mo-
lecular mimicry or epitope spreading (reviewed in references 6
and 14). Epitope spreading has been well demonstrated in
Theiler’s murine encephalomyelitis virus-induced demyelinat-
ing disease (TMEV-IDD) (reviewed in reference 31). After
infection of the brain and an initial antiviral immune response,
T cells specific for several epitopes within myelin are activated
and are thought to be responsible for chronic disease (re-
viewed in reference 31). These T cells have been shown to
mediate cytotoxicity, since they demyelinate organotypic cul-
tures in vitro (4). Thus, viral infection can lead to organ-
specific autoimmunity, which could potentially occur in vascu-
lar disease as well. The potential for epitope spreading existed
in YHV68-induced arteritis, since extensive cell death within
lesions was noted by electron microscopy. Smooth muscle cell
antigens could be processed and presented by local antigen-
producing cells (APCs) to T cells, thus inducing an anti-self
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FIG. 4. Representative aortic lesions and scores from control and cidofovir-treated mice. yHV68-infected IFN-yR ™/~ mice were treated with either PBS or
cidofovir beginning at 24 days postinfection, as described in Materials and Methods. (A) Lesion with a score of 5 from a PBS-treated control mouse that died 6 weeks
postinfection. (B) Representative lesion with a score of 2 from a cidofovir-treated mouse that was sacrificed after 8.5 weeks of therapy. (C and D) Representative lesions
with scores of 1 from cidofovir-treated mice that were sacrificed after 8.5 weeks of therapy. Note the noninflammatory intimal thickening in panels B, C, and D. Adyv,

adventitia; M, media; I, intima; L, lumen.

response. However, the efficacy of antiviral therapy argues
against this possibility.

It could be argued that infection is necessary for effective
presentation of autoantigens by APCs. The need for activating
APCs to induce autoimmunity has been observed, for example,
in a model of diabetes with transgenic mice expressing a lym-
phocytic choriomeningitis virus (LCMV) antigen in the pan-
creatic B-islet cells (23). Infection of these mice with LCMV
activates tolerant peripheral CD8" T cells, inducing infiltra-
tion and destruction of the islets, resulting in diabetes (23).
However, when the activated cytotoxic T lymphocytes (CTLs)
are transferred to uninfected transgenic mice, 3 cell destruc-
tion and disease occur only if costimulation and antigen
presentation by APCs was induced experimentally (23, 34;
reviewed in reference 35). Thus, though self-reactivity was
induced in this model, it was dependent either on infection or
on immune stimulation, even after the initial CTL activation.
With respect to yYHV68-induced arteritis, if autoimmunity con-
tributes to the development of lesions, it clearly requires con-
tinued viral replication, since inflammation did not spread be-

yond the limits of infection and the inflammatory infiltrates
resolved once viral replication was inhibited.

Although in most mice the arteritic lesions showed signifi-
cant improvement after cidofovir therapy, several mice still
had arteritic lesions with detectable viral antigen and severe
disease even after 8.5 weeks of therapy. The presence of severe
lesions after 8.5 weeks of antiviral therapy may have resulted
from inefficient drug access, the local development of drug-
resistant viral mutants, or insufficient time for control and
clearance of replicating virus.

It is possible that some human vascular diseases may be
caused and maintained by vascular infection. Interestingly, the
strongest viral candidates for human vascular disease are those
that establish long-term persistent infections, such as hepatitis
B and hepatitis C viruses, human cytomegalovirus, Epstein-
Barr virus, herpes simplex virus, and human immunodeficiency
virus (reviewed in references 13, 16, and 22). These viruses
have all developed various mechanisms for escaping the im-
mune response, both by affecting antigen presentation and
immune effector functions (reviewed in references 1, 8, 10, 24,
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FIG. 5. Cidofovir treatment leads to clearance of YHV68 antigen and ame-
lioration of pathology. Shown is a plot of lesion severity scores, as described in
Table 1, as a function of time of death or sacrifice. Only mice with lesions are
represented. The presence or absence of viral antigen (Ag) in lesions was as-
sessed by immunohistochemistry as described in Materials and Methods (Ag
staining). Weeks p.i., time postinfection of death or sacrifice. Since there were no
differences in lesion severity for viral antigen-positive lesions of mice that died or
were sacrificed 4 to 8 weeks postinfection, these data were pooled in columns 1
and 2. Mice in columns 3, 4, and 5 were all sacrificed. *, P < 0.0001 compared
to scores for PBS-treated mice. **, P = 0.01 compared to scores in column 3.

and 27). If infectious agents can be etiologically linked to
vasculitis, the data presented here suggest that antimicrobial
therapy may help control or eliminate active disease. Evidence
for infectious etiologies of atherosclerosis, arteritis, and coro-
nary artery and transplant restenosis have been reported (11,
12; reviewed in references 5, 9, 15-19, 22, 28, and 36). Two
randomized trials of antibiotic therapy in patients with unsta-
ble angina or myocardial infarcts were conducted with the
hypothesis that Chlamydia pneumoniae played a role in the
clinical manifestations of atherosclerosis (reviewed in refer-
ence 15). The results demonstrated improved clinical out-
comes in antibiotic-treated patients compared to placebo-
treated controls, suggesting that infection may indeed be
important in chronic pathogenesis or acute thrombosis (re-
viewed in reference 15).

Given the efficacy of antimicrobial therapy in yHV68-in-
duced arteritis, identification of specific pathogens that may be
associated with the development of similar human diseases is
critical. Takayasu’s arteritis, the nongranulomatous variant of
temporal arteritis, and Kawasaki’s disease all exhibit pathology
similar to the lesions observed in yYHV68-infected IFN-yR ™/~
mice. Identification of infectious etiologies may well be com-
plicated by the fact that different agents can cause similar
diseases, as seen in mice infected with either yYHV68 or
MCMYV (3, 25). Regardless, any successful antimicrobial treat-
ment of human vasculitides will be dependent on the identifi-
cation of the specific pathogen(s) involved. The data presented
here demonstrate, however, that once a pathogen is identified,
it is possible to reverse even severe vessel damage sustained
during chronic inflammation.
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