
Introduction
We developed a new animal model of
chronic viral vasculitis restricted to the
great elastic arteries (chronic elastic
arteritis; refs. 1 and 2). Severe chronic
elastic arteritis persists weeks to
months after infection of IFN-γ recep-
tor–deficient (IFN-γR–/–) mice with
doses of the γ-herpesvirus γHV68 that
fail to induce arteritis in wild-type mice.
Infection with γHV68 also increases
vascular lesion formation in apoE-defi-
cient animals (3). The role of IFN-γ in
regulating γHV68 arteritis is particular-
ly interesting since IFN-γ is a key regu-
lator of vascular inflammation in mul-
tiple systems and can either increase or
decrease vascular pathology, depending
on the nature of the insult to the vessel
(1, 4–6, reviewed in ref. 7).

γHV68-induced chronic elastic
arteritis is characterized by striking
inflammation of the adventitia and
intima of the affected artery segment
in regions containing productively

infected smooth muscle cells (SMCs)
in the media (1, 2). Continued produc-
tive infection contributes to chronic
damage and inflammation (2). Inter-
estingly, while immunodeficiency
makes mice more susceptible to
chronic elastic arteritis, γHV68-infect-
ed wild-type weanling mice also devel-
op elastic arteritis lasting up to 5
months after infection (1). This raises
the question of why infection of the
great vessels can persist for prolonged
periods in an immunocompetent host.

In this study, we show that the tro-
pism of γHV68 for the media of the
elastic arteries during chronic infection
was due to failure of the immune
response to effectively clear the virus
from the elastic media despite effective
clearance of other vascular sites and
other organs. Effector T cells and
macrophages did not enter the media
of the great vessels even when active
viral infection was present. We also
show that IFN-γ independently regu-

lates the severity and incidence of arteri-
tis by actions on different cell types.
These studies defining an immuno-
privileged site within the vasculature,
and demonstrating the cellular basis for
a critical protective role of IFN-γ in this
site, have important implications for
understanding chronic inflammatory
diseases of the great vessels.

Methods
Viruses, mice, and pathologic analysis.
γHV68 was passaged and assayed as
described (1). γHV68 mutants
M1.LacZ and v-cyclin.LacZ have been
described (8, 9). IFN-γR–/– mice are on
a pure 129Ev/Sv background, and
129Ev/Sv controls were used as con-
trols (10). Mice 5 to 7 weeks old were
infected intraperitoneally with γHV68
in 0.5 ml of complete DMEM for all
experiments. Organs were titered by
plaque assay, and prepared and
stained for histopathologic examina-
tion as described (1). Criterion for
lesion scores based on hematoxylin
and eosin (H&E) histology were as
described (2). Briefly, scores increased
from 0 to 5 as the extent of adventitial
and intimal thickening, neutrophilic
infiltration, and medial necrosis
increased. Lesions were scored in a
blinded fashion by A.J. Dal Canto and
H.W. Virgin, and scores were aver-
aged. Microscopic images were pre-
pared using a Zeiss Axiophot micro-
scope with a Spot camera and Spot
software 1.1 (Diagnostics Instru-
ments, Sterling Heights, Michigan,
USA) and Northern Eclipse v2.0 soft-
ware (Empix Imaging Inc., Missis-
sauga, Ontario, Canada).
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Infection of medial smooth muscle cells with γ-herpesvirus 68 (γHV68) causes severe
chronic vasculitis that is restricted to the great elastic arteries. We show here that
persistence of disease in the great elastic arteries is (a) due to inefficient clearance
of viral infection from this site compared with other organs or other vascular sites,
and (b) associated with failure of T cells and macrophages to enter the virus-infect-
ed elastic media. These findings demonstrate immunoprivilege of the media of the
great elastic arteries. We found that IFN-γacted on somatic cells during acute infec-
tion to prevent the establishment of medial infection and on hematopoietic cells
to determine the severity of disease in this site. The immunoprivileged elastic media
may provide a site for persistence of pathogens or self antigens leading to chronic
vascular disease, a process regulated by IFN-γ actions on both somatic and
hematopoietic cells. These concepts have significant implications for understand-
ing immune responses contributing to or controlling chronic inflammatory dis-
eases of the great vessels.
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β-galactosidase staining and immunohis-
tochemistry. Mice were infected
intraperitoneally with 5 × 106 PFU
M1.LacZ or γHV68 v-cyclin.LacZ and
sacrificed by perfusion with 30 ml 2%
paraformaldehyde and 0.2% glu-
taraldehyde in PBS. The heart, aorta,
and visceral organs were removed en
bloc, rinsed in PBS, and stained for β-
galactosidase (β-gal) activity at 37°C
overnight (11), before fixation in 4%
paraformaldehyde. Staining was evalu-
ated under a dissecting microscope,
and pictures were taken with a Kodak
DC120 digital camera. Viral antigen
was detected by immunohistochem-
istry as described (1). For detection of
inflammatory cells, frozen sections
were fixed in 1:1 methanol/acetone at
–20°C. Endogenous peroxidase activi-
ty was inhibited (1), slides were blocked
(1% BSA, 0.2% powdered skim milk,
0.3% triton in PBS) for 30 minutes, and
then biotin blocked (Vector Laborato-
ries, Burlingame, California, USA). Rat
mAb’s used were: anti-CD4 Ab GK1.5
(12); anti-CD8 Ab H35 (12), anti–B-220
Ab 14.8 (12), and anti-CD11b Ab 5C6
(CRL-1969; American Type Culture
Collection, Rockville, Maryland, USA),
and were added at 25 ng/ml overnight
at 4°C. F4/80 (13) mAb supernatant
was used at a 1:2000 dilution. Rat IgG
was used as a negative control. Staining
was detected using F(ab′)2 biotin-con-
jugated donkey anti-rat secondary Ab
(1.2 µg/ml; Jackson ImmunoResearch
Laboratories Inc., West Grove, Pennsyl-
vania, USA).

Bone marrow reconstitutions and IFN-γ
depletion in vivo. Four-week-old mice
were lethally γ-irradiated with 1100 R
followed by intravenous injection of 1
to 2 × 107 nucleated bone marrow cells
from sex-matched 129Ev/Sv or IFN-
γR–/– mice. The percentage of reconsti-
tution was assessed at 6–8 weeks using
quantitative Southern blots of periph-
eral blood lymphocyte DNA (QIAamp
blood kit; QIAGEN Inc., Valencia, Cal-
ifornia, USA) cut with BamH1 and
probed with a 2-kb fragment corre-
sponding to exon 4 of the IFN-γR gene
(14). To transiently deplete IFN-γ, mice
were injected intraperitoneally with
250 µg of IFN-γ–neutralizing hamster
mAb H22 (15) in 0.5 ml sterile saline 1
day before and 6 days after infection.
To chronically deplete IFN-γ, mice

were injected weekly until sacrifice 
(6 weeks). The Ab dose was selected
based on previous reports of effective
IFN-γdepletion with H22 (15, 16).

Primary cell cultures. Primary mouse
aortic cells were prepared based on pub-
lished protocols (17, 18). Ten thoracic
aortas from 4- to 6-week-old male
129Ev/Sv mice were harvested, placed in
HBSS with 0.2 mM CaCl (HBSS/Ca),
and the adventitia removed by blunt dis-
section. Digestion with collagenase 
followed by trypsin yielded an inti-
mal/adventitial culture. Further diges-
tion with collagenase, elastase, and
trypsin yielded a medial culture. After
3–4 days, cells were treated with 0.12%
trypsin plus 0.5 mM EDTA for 5 min-
utes at 37°C and replated. Every 2–4
days thereafter, each well was passaged
into two new wells. Cells (5 to 50 × 104)
were obtained from each culture after
the second passage and plated (1 to 3 ×
104 cells) into eight-well glass chamber
slides (LabTek; Nalge Nunc Internation-
al, Naperville, Illinois, USA) for use in
immunofluorescence studies, 24-well
tissue culture (TC) plates for phase-con-
trast microscopy, or 12-well TC plates
for electron microscopy (EM). Two to
three days later cultures were treated for
48 hours with or without IFN-γ (250
U/ml for medial cultures and 64 U/ml
for intimal/adventitial cultures; Gen-
zyme Pharmaceuticals, Cambridge,
Massachusetts, USA), infected at an moi
of 5 for 2 hours at 37°C, and then cul-
tured in fresh medium with or without
IFN-γ. Fresh media with or without IFN-
γwas added every 3 days. Phase-contrast
pictures were taken on a Olympus CK2
microscope equipped with a Kodak
DC120 digital camera and the Kodak
MDS 120 v1.0 acquisition program.

Immunofluorescence and EM. For
immunofluorescence, cells were fixed
for 20 minutes at –20°C in methanol,
washed, and then blocked for 30 min-
utes at room temperature in 20 µg/ml
BSA, 20% goat serum, 0.01% triton in
PBS. Polyclonal anti-γHV68 antiserum
(1), or preimmune serum, was used at a
dilution of 1:500 to detect viral antigen.
A mouse mAb to human muscle actin
(HHF35; DAKO Corp., Carpinteria, Cal-
ifornia, USA) was used at 0.55 µg/ml to
detect SMCs. An isotype-matched Ab to
keyhole limpet hemocyanin was used as
a negative control (PharMingen, San

Diego, California, USA). Primary Ab’s
were incubated overnight at 4°C, and
secondary Ab’s were added for 1 hour at
room temperature. Muscle actin was
detected using a Cy3-conjugated goat
anti-mouse secondary antibody (10
µg/ml; Jackson ImmunoResearch Lab-
oratories Inc.), and viral antigen was
detected using an Oregon green
488–conjugated goat anti-rabbit sec-
ondary antibody (7 µg/ml; Molecular
Probes, Eugene, Oregon, USA). Bisben-
zimide was added (0.5 µg/ml) to stain
the nuclei blue. For EM, cells were fixed
with 3% glutaraldehyde in 0.1 M cacody-
late buffer (0.1 M sodium cacodylate in
water, pH 7.0, plus 0.54% wt/vol dex-
trose) for 1 hour, washed in 0.1 M
cacodylate buffer, scraped, pelleted, and
processed as described (2). SMCs were
distinguished by the presence of organ-
ized actin filaments, subplasmalemmal
attachment plaques, and pinocytosis.
The presence of viral capsids was evalu-
ated within nuclei in a blinded fashion
by A.J. Dal Canto on high-power photo-
graphs (×57,800).

Statistical analysis. Data were plotted
and statistically analyzed using Graph-
Pad Prism (GraphPad Software, San
Diego, California, USA). The severity
of pathology was statistically analyzed
by comparing lesions scores using the
Mann-Whitney test. Staining of differ-
ent regions of the aorta for β-gal and
alterations in incidence of arteritis in
mice treated with anti–IFN-γ Ab were
compared using a χ-square test and
Fisher’s exact test (which gave compa-
rable results). Data from immunoflu-
orescence and EM studies were ana-
lyzed using an unpaired t test.

Results
Viral tropism due to anatomic specificity of
immune function. We considered two
hypotheses to explain the restriction
of γHV68-induced arteritis to the great
vessels. γHV68 might infect only SMCs
of the elastic media, leaving other vas-
cular sites uninfected. Alternatively,
γHV68 could infect multiple vascular
sites, but be efficiently cleared from all
sites other than the elastic media. To
distinguish between these hypotheses,
we infected IFN-γR–/– mice with β-
galactosidase (β-gal) expressing γHV68
mutants that induce chronic elastic
arteritis (8, 9). At various times, the
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aorta with its major branches and
attached heart, liver, and kidneys were
dissected out as a unit and stained for
β-gal activity to localize regions of viral
infection (Figure 1 and 2).

Seven to fifteen days after infection,
γHV68 was present in both the media
and adventitia of the great vessels as
shown by evaluation under the dis-
secting microscope (Figure 1b and Fig-
ure 2, regions a and b). Together with
infection of a peripheral vessel adja-
cent to the kidney (Figure 1a and Fig-
ure 2, region c), this proves that γHV68

tropism is not due to selective infec-
tion of SMCs in the elastic media. 

Infection with γHV68 was efficiently
cleared from both the adventitia of the
great vessels and a peripheral vessel.
Whereas 20 of 28 mice had bilateral
staining of a peripheral vessel 7–15
days after infection (Figure 1a and
Figure 2, region c), clearance was evi-
dent 17–21 days after infection and
complete by 42–43 days (P < 0.0001 for
late times versus days 7–15). Similarly,
between 17 and 21 days after infection,
adventitial staining was cleared signif-

icantly (Figure 1b compared to Figure
1, c and d, and Figure 2, regions a and
b; P < 0.0001 for late times versus days
7–15). In contrast, infection of the
elastic media at the base of the aorta
persisted through days 42–43. In other
studies, persistence of medial infection
and disease of the great vessels has
been seen up to 105 days after infec-
tion (1). Clearance of the media of the
thoracic aorta also lagged behind
clearance of either the adventitia or a
peripheral vessel (Figure 1 and 2).

Clearance of adventitial infection
was immune mediated because it did
not occur in B cell– and T cell–defi-
cient RAG1–/– mice (not shown). Fail-
ure of efficient immune clearance of
γHV68 from the elastic media was
associated with a lack of infiltration of
CD4 T cells (not shown), CD8 T cells,
and macrophages into the media (Fig-

The Journal of Clinical Investigation | Volume 107 R17

Figure 1
Localization of γHV68 vascular infection over time.
IFNγR–/– mice were infected with either M1.LacZ or
γHV68 v-cyclin.LacZ. The aorta and its major
branches were resected and stained en bloc for β-
gal activity. Infection with wild type γHV68 result-
ed in no comparable staining. 
(a) Staining 13 days after infection of a vessel on
the posterior surface of the kidney. (b) Staining 13
days after infection of the descending aorta. Note
staining in both the adventitia (Adv) and media
(M). (c) Staining 21 days after infection of the
descending aorta. Staining is predominately in the
media. (d) Staining 21 days after infection at the
base of the aorta. Note staining is only in the
media. (e) Cross section from the descending aorta
21 days after infection demonstrating inflamma-
tion surrounding medial staining. (f) High-power
view of boxed region in e. L, lumen; I, intima.

Figure 2
Quantitation of clearance of γHV68 from different
vascular structures over time. IFN-γR–/– mice were
infected and analyzed as in Figure 1 at days 7, 9, 11,
13, 15, 17, 19, 21, 42, and 43 after infection. n,
number of mice. The number of aortas with blue
staining in the adventitia (Adv) or media (M) is
reported for the aortic base (a) or the descending
aorta (b), which was representative of the entire
aorta. Staining of a peripheral vessel on the posteri-
or surface of both kidneys is also reported (c). For
staining at late times compared with staining at
days 7–15, AP < 0.0001; BP > 0.05; CP = 0.04. For
medial clearance compared with adventitial clear-
ance, DP < 0.0001; EP = 0.006; FP = 0.1.



ure 1, e and f, and Figure 3) despite the
presence of active virus infection of
medial smooth muscle cells (refs. 1
and 2), data not shown, and Figure 1f).
The only inflammatory cells consis-
tently present in the media were
CD11b-positive (Mac1-positive) cells
with the morphology of neutrophils
(Figure 3, c and d).

Failure to clear the elastic media in nor-
mal mice. While it was possible that
IFN-γ was required for effective
immune function in the elastic media,
we hypothesized that inefficient clear-
ance of medial infection reflected a
fundamental property of the elastic
media. This hypothesis makes two pre-
dictions: (a) it should be possible to
induce chronic elastic arteritis in wild-
type mice, which have functional IFN-
γ responses, with viral doses high
enough to establish medial infection;
and (b) transient depletion of IFN-γ in
wild-type mice during acute infection
should induce chronic elastic arteritis
by fostering medial infection.

Consistent with our hypothesis,
increasing the dose of γHV68 in wild-
type mice to greater than 5 × 107 PFU
γHV68 resulted in arteritis persisting
5.5 to 10 weeks (Figure 4). In contrast,
IFN-γR–/– mice developed chronic
arteritis when infected with 50-fold less
virus (106 PFU) (1). While arteritis per-
sisted, none of the ten wild-type ani-
mals evaluated at 6 weeks had

detectable γHV68 in spleen, liver, or
lung (sensitivity of plaque assay 50
PFU/organ), demonstrating that per-
sistence occurs in the great vessels
despite clearance of other organs. Fur-
thermore, transient depletion of IFN-γ
increased susceptibility of wild-type
mice to chronic arteritis. Seventeen
percent (5 of 29) of control mice infect-
ed with 5 × 107 PFU of γHV68 had
chronic elastic arteritis 6 weeks after
infection. In contrast, 67% (6 of 9) of
mice transiently depleted of IFN-γ
developed chronic disease (Figure 4a; P
= 0.0043). At twofold to fivefold lower
infectious doses, disease was seen in
50% of transiently depleted mice, but
not in controls (Figure 4a; P = 0.0062).

We scored the severity of lesions after
γHV68 infection of wild-type mice,
wild-type mice transiently or chroni-
cally depleted of IFN-γ, and IFN-γR–/–

mice (Figure 4, b–e). All arteritic lesions
had viral antigen detectable in the
media by immunohistochemistry (not
shown and ref. 1 and 2). Wild-type and
transiently IFN-γ–depleted wild-type
mice had mild lesions with mononu-
clear infiltrates in the aortic intima
and/or adventitia, but no medial neu-
trophilic infiltrates or necrosis (Figure
4, b and c). In contrast, IFN-γR–/– and
chronically IFN-γ–depleted wild-type
mice had severe lesions with intense
medial neutrophilic infiltrates and/or
medial necrosis (Figure 4, d and e).

Cellular sites of IFN-γ action that deter-
mine incidence and severity of arteritic
lesions. We performed reciprocal bone
marrow transfers to identify the cellu-
lar sites of IFN-γaction that determine
the incidence and severity of chronic
elastic arteritis. Wild-type (129Ev/Sv)
and IFN-γR–/– recipient mice were
lethally irradiated and reconstituted
with bone marrow cells from either
129Ev/Sv or IFN-γR–/– donors (donor
→ recipient: 129Ev/Sv → 129Ev/Sv;
IFN-γR–/– → IFN-γR–/–; 129Ev/Sv →
IFN-γR–/–; IFN-γR–/– → 129Ev/Sv). After
8 weeks, reconstituted mice were infect-
ed with 107 PFU of γHV68, and arteritis
was evaluated over 12 weeks. Controls
demonstrated that the procedure nei-
ther protected from, nor predisposed
to, arteritis. Thus, 10 of 13 of the IFN-
γR–/– → IFN-γR–/– mice developed severe
arteritis, whereas 0 of 11 of the
129Ev/Sv → 129Ev/Sv mice developed
lesions (Figure 5, groups A and D). The
IFN-γ–receptor status of the recipient
determined susceptibility to arteritis
since 9 of 18 of the 129Ev/Sv → IFN-
γR–/– mice, but 0 of 19 of the IFN-γR–/–

→ 129Ev/Sv mice developed disease
(Figure 5, groups B and C). Lesions in
IFN-γR–/– → IFN-γR–/– mice were very
severe (Figure 5, group A; average
lesions score 4.7 ± 0.3), while lesions in
the 129Ev/Sv → IFN-γR–/– mice were
much less severe, lacking medial neu-
trophilic infiltrates and necrosis (Figure
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Figure 3
Localization of inflammatory cells in arteritic lesions. Shown are low- and high-power views of immunohistochemistry on parallel aortic frozen
sections from an IFN-γR–/– mouse infected with γHV68 4 weeks after infection. Dark-brown staining represents Ab binding. (a and b) CD8 T cells
are present in the intima and adventitia, but not the media. Similar staining was observed with an Ab to CD4 (not shown). (c and d) Staining for
CD11b shows Mac1-positive cells (macrophages and neutrophils) in all three layers of the aorta. (e and f) Staining for F4/80-positive macrophages
is limited to the intima and adventitia. (g and h) Negative control with rat IgG. The area of highest background staining is shown in h for com-
parison with specific staining in panels b, d, and f. I, intima; M, media; Adv, adventitia.



5, group B; average lesion score 1.7 ±
0.2). Thus, the presence of IFN-γrecep-
tor on hematopoietic cells determined
lesion severity even when somatic cells
lack the IFN-γreceptor.

IFN-γ blocks γHV68 infection and repli-
cation in SMCs and non-SMCs from the
aorta. Since γHV68 replicates in vascu-
lar SMCs within arteritic lesions (1, 2)
and IFN-γ prevents arteritis, we tested
the hypothesis that IFN-γhas antiviral
effects in primary aortic cells. SMCs
and non-SMCs isolated from mouse
aortas were treated with IFN-γ for 48
hours and then infected with γHV68.
IFN-γreduced virus induced cytopath-
ic effect (Figure 6, a and b). Using dual-
label immunofluorescence, we found
that IFN-γdecreased the percentage of
both non-SMCs and SMCs expressing
viral antigen (P < 0.005; Figure 6, c, d,
and g). IFN-γ treatment significantly
decreased the percentage of cells with
intranuclear viral capsids as deter-
mined by EM (Figure 6, e, f, and g).
Thus IFN-γ has antiviral effects in
both SMCs and other primary cells
derived from the aorta.

Discussion
We found that the immune system
functions less efficiently in the elastic
media of the great vessels than in small
vessels, the adventitia of the great ves-
sels, or visceral organs such as spleen,
liver, and lung. For this reason the
immune system, rather than viral inter-
actions with cellular receptors, deter-
mines tropism of γHV68 for the great
elastic arteries during chronic disease.
These findings make the important
point that chronic diseases of the great
vessels may be due to immunoprivilege
of the elastic media, resulting in per-
sistence of pathogens or antigens in
this site, in turn leading to chronic
inflammation. Lack of effective
immune clearance was independent of
IFN-γ, although IFN-γ prevented the
establishment of medial infection and
regulated the severity of disease once
infection was established. This essential
protective role of IFN-γ contrasts with
studies emphasizing promotion of vas-
cular pathology by IFN-γ (reviewed in
ref. 7), underscoring the fact that the
nature of the vascular insult determines
whether specific immune functions are
helpful or harmful.

While many mechanisms could
explain immunoprivilege within the
vasculature, the failure of T cells and
macrophages to enter the elastic media
suggests one potential mechanism:
limited access of effector cells. Lack of
immune cell access to the elastic media
may be a general contributor to chron-
ic vascular disease and is seen in other

circumstances. For example, injection
of mice with splenocytes stimulated in
vitro with syngeneic microvascular
SMCs resulted in medial and adventi-
tial infiltrates in arterioles and venules,
but not in elastic arteries (19). Interest-
ingly, murine cytomegalovirus
(MCMV) also induces chronic elastic
arteritis with a lack of medial infiltrates
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Figure 4
Incidence and severity of chronic elastic arteritis in wild-type mice infected with high doses of
γHV68 with or without transient depletion of IFN-γ. Mice were infected with the indicated
doses of γHV68 with or without depletion of IFN-γand evaluated for arteritis on H&E-stained
sections 5.5 to 10 weeks after infection. (a) The incidence of arteritis in various groups is pre-
sented. Seven of 19 mice infected with 17 to 20 × 107 PFU γHV68 died within 7 days. Twelve
of 14 mice infected with 34 to 50 × 107 PFU died within 7 days. Data for transient depletions
are from two independent experiments. Data for no depletions are from 4–5 independent
experiments. AP = 0.0062; BP = 0.0043. (b) Lesion at the aortic base of a 129Ev/Sv mouse sac-
rificed 10 weeks after infection with 108 PFU γHV68. Lesions in transiently IFN-γ–depleted
129Ev/Sv mice have similar histology (lesion scores for 25 mice from both groups combined
= 2.0 ± 0.2; P < 0.0001 for scores compared with IFN-γR–/– mice, P = 0.001 compared with
chronically depleted wild-type mice). (c) High-power view of boxed region in b. (d) Lesion at
the aortic base of a chronically IFN-γ–depleted 129Ev/Sv mouse sacrificed 6 weeks after infec-
tion with 5 × 107 PFU γHV68 (lesion scores for four mice = 4.0 ± 0.7). Arteritis in IFN-γR–/–

mice has similar histology (lesion scores for 16 mice = 5.0 ± 0). (e) High-power view of boxed
region in d. The black lines show the boundaries of the media. Adv, adventitia; M, media; I,
intima; L, lumen; V, aortic valve. ND, not determined.



despite the presence of viral antigen in
the media (6). Similarly, viral persist-
ence in the kidney may be due to limit-
ed entry of CD8 lymphocytes into the
kidney despite its rich vascular supply
(20, 21). Thus, the failure of immune
cells to enter certain anatomic sites
may be a significant contributor to
immunoprivilege. Perhaps medial elas-
tic laminae, especially in those portions
of the media not penetrated by the vasa
vasorum, provide a significant barrier
to entry of lymphocytes and macro-
phages. The process of immune cell
entry into the media could be regulat-
ed also by cytokines (for example IFN-
γ) by induction of cell adhesion mole-
cules or proteases critical for tissue
penetration (22, 23).

One potential problem with extend-
ing observations in the mouse system
to the situation in human arteries is
the lack of vasa vasorum in mice. How-
ever, the inner 29 lamellae of the
human aorta do not have vasa vaso-
rum, and the human abdominal aorta
lacks vasa vasorum completely (24–26).
Consistent with this, there can be strik-
ing sparing of the media of the human
aorta even when extensive adventitial
inflammation, including germinal cen-
ter formation, is present (27–29). Even
when lymphocytes enter the media of

the human great vessels, a segregation
of effector cells between layers of the
great vessels has been reported, with
activated IFN-γ–secreting T cells being
excluded from the media in giant cell
arteritis (30). Thus, findings in both
the mouse and human are consistent
with immunoprivilege of the elastic
media based on restricted access of
immune effector cells.

While intrinsic properties of the
elastic media contribute to inefficient
clearance of viral infection, viral fac-
tors may also play a role. γHV68
encodes a secreted protein (M3) that
binds CC chemokines such as
RANTES, MCP, and MIP1α, as well as
the C and CXXXC chemokines lym-
photactin and fractalkine, resulting in
failure of chemokine-receptor signal-
ing (31, 32). The virus also encodes the
secreted γHV68 regulator of comple-
ment activation (RCA) protein that
inhibits both classical and alternative
complement activation (33). Expres-
sion of M3 or the γHV68 RCA protein
in the media could influence
mononuclear cell infiltration. No-
tably, the possible contribution of
viral factors to arteritis does not inval-
idate our conclusion that the elastic
media of the great vessels is an
immunoprivileged site, since γHV68 is

cleared from other organs and other
sites in the vasculature despite the
contribution of such virulence factors.

IFN-γ action during acute and chronic
elastic arteritis and cellular sites of IFN-γ
action. Together with data presented
here for the great vessels, findings in
the salivary gland and CNS show that
IFN-γ is a key determinant of control
of persistent virus infection in multi-
ple pathogen and organ systems, espe-
cially when persistent infection of an
immunoprivileged site is involved (6,
34–39). Since IFN-γ determined both
the incidence and severity of arteritis,
we defined the cellular targets for
these actions. IFN-γ has effects on
somatic cells and, by actions on
hematopoietic cells, immune modula-
tory activities (reviewed in refs. 40 and
41). IFN-γdetermined the incidence of
arteritis by actions on somatic cells
since IFN-γR–/– recipients of wild-type
bone marrow developed arteritis, while
wild-type recipients of IFN-γR–/– bone
marrow did not. Since studies using
transient depletion of IFN-γ showed
that IFN-γ acts early during infection,
we conclude that IFN-γ action on
somatic cells during acute infection
determines the incidence of chronic
elastic arteritis. Given this, we tested
the hypothesis that IFN-γhas antiviral
effects on primary vascular SMCs.
IFN-γ significantly protected against
γHV68 infection in both primary
SMCs and non-SMCs from mouse
aortas. This effect of IFN-γon somatic
cells could well contribute to the role
of IFN-γ in controlling the incidence
of chronic elastic arteritis.

Interestingly, the presence of
129Ev/Sv derived hematopoietic cells
was associated with less severe arteritis
in IFN-γR–/– recipient mice, a finding
most consistent with a hematopoietic
cell–specific immunoregulatory action
of IFN-γ. Similar to the experiments pre-
sented here, IFN-γ responsiveness of
both somatic and hematopoietic cells is
required for resistance to Toxoplasma
gondii, which, like γHV68, invades
somatic cells as well as macrophages
(42). Thus, regulation of infection by the
action of IFN-γ on both somatic and
hematopoietic cells is a general finding.

Implications. Our results suggest that
lesion distribution in chronic vascular
disease may result in large part from
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Figure 5
IFN-γprevents chronic elastic arteritis by effects on somatic cells but regulates the nature of the
pathology by effects on hematopoietic cells. Reciprocal bone marrow reconstitutions were per-
formed between IFN-γR–/– and 129Ev/Sv mice, and arteritis was evaluated for 12 weeks after
γHV68 infection. Numbers above bars represent the number of mice within a group. Boxed
numbers represent average lesion scores for a group. Data are pooled from four independent
experiments. For incidence of disease, P = 0.0001 comparing group A with D, and P = 0.0004
comparing group B with C. For severity of disease, P < 0.0001 comparing groups A and B. NA,
lesion scores not applicable.



properties intrinsic to different vessels
and different layers of the great vessels
that prevent efficient immune clear-
ance of foreign or self antigens. Given
this, it is clear that strategies for blunt-
ing the inflammatory response as a
way to control chronic vascular disease
may well have a price; continued per-
sistence of the inciting agent or anti-
gen. This may be an especially severe
problem for herpesvirus infection
since these viruses can go latent and
reactivate at a later time to cause dis-
ease during immunosuppression. This
emphasizes the importance of defin-

ing the underlying cause of vascular
disease as part of the decision process
leading to trials of blockade of
immune and inflammatory function
in these diseases.
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