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Abstract
The T cell inhibitory ligand B7-H1 hinders T cell-mediated virus control, but also ameliorates
clinical disease during autoimmune and virus induced CNS disease. In mice infected with glia-
tropic demyelinating coronavirus, B7-H1 expression on oligodendroglia delays virus control, but
also dampens clinical disease. To define the mechanisms by which B7-H1 alters pathogenic
outcome, virus infected B7-H1 deficient (B7-H1-/-) mice were analyzed for altered peripheral and
CNS immune responses. B7-H1 deficiency did not affect peripheral T or B cell activation, nor
alter the magnitude or composition of CNS infiltrating cells. However, higher levels of IFN-γ
mRNA in CNS infiltrating virus-specific CD8 T cells as well as CD4 T cells contributed to
elevated IFN-γ protein in the B7-H1-/- CNS. Increased effector function at the single cell level was
also evident by elevated granzyme B expression specifically in virus-specific CNS CD8 T cells.
Although enhanced T cell activity accelerated virus control, 50% of mice succumbed to infection.
Despite enhanced clinical recovery, surviving B7-H1-/- mice still harbored persisting viral mRNA,
albeit at reduced levels compared to wild-type mice. B7-H1-/-mice exhibited extensive loss of
axonal integrity although demyelination, a hallmark of virus induced tissue damage, was not
increased. The results suggest that B7-H1 hinders viral control in B7-H1 expressing glia cells, but
does not mediate resistance to CD8 T cell-mediated cytolysis. These data are the first to
demonstrate that B7-H1-mediated protection from viral induced immune pathology associated
with encephalomyelitis resides in limiting T cell-mediated axonal bystander damage, rather than
direct elimination of infected myelinating cells.
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Introduction
Effector T cells are regulated by a number of soluble as well as contact dependent
mechanisms that limit excessive activation and overt immune-mediated damage.
Programmed death-1 (PD-1) receptor and its ligand B7-H1, also known as PD-L1, are
among the negative regulators that can deliver inhibitory signals to both CD4 and CD8
lymphocytes in a target dependent manner (1). PD-1 is up-regulated on T cells, B cells (2),
NK cells (3) and monocytes/macrophages (4, 5) upon activation. B7-H1 is expressed on
lymphocytes, macrophages, dendritic cells and a variety of non-hematopoietic cell types
(6-14). While B7-H1 expression is constitutive in some cell types, it is inducible on most
non-hematopoietic cells by type I and II IFN (6, 9-11, 13-15). PD-1:B7-H1 interactions can
modulate both Th1 and Th2 responses by dampening proliferation, cytokine production and
cytolytic activity (11, 13, 16-25). Blockade of PD-1:B7-H1 interactions via genetic deletion
or Ab treatment results in enhanced immunopathology (12, 26-28). For example,
transformation of a mild transient myocarditis into a lethal disease by B7-H1 Ab blockade
demonstrates the critical role of B7-H1 expression on cardiac endothelial cells in regulating
CD8 T cell-mediated heart injury (27). PD-1:B7-H1 blockade during HSV type 1 infection
accelerates the development and severity of herpetic stromal keratitis, correlating with
increased CD4 T cell proliferation and IFN-γ secretion (28). Furthermore, more rapid
clearance of adenovirus from the liver in the absence of PD-1 is associated with increased
hepatocellular injury attributed to enhanced CD4 and CD8 lymphocyte proliferation (18).
These studies all confirm the PD-1:B7-H1 pathway as a key determinant in counteracting
destructive T cell effector activity. On the other hand, down-regulation of virus-specific T
cell responses by PD-1:B7-H1 interactions contributes to establishment and limited control
of persistent virus infections (17, 19, 21, 25, 29-33).

PD-1:B7-H1 interactions have been extensively studied in peripheral antiviral immunity;
however, contributions of direct target cell interactions versus bystander effects on tissue
damage have not been established. Furthermore, their detrimental or protective function
during neurotropic infections is poorly characterized. Resident cells of the CNS do not
constitutively express B7-H1 (6-8, 10, 12). Nevertheless, B7-H1 is induced in the CNS
under inflammatory conditions such as viral encephalitis (6, 10) and experimental allergic
encephalomyelitis (EAE) (12). However, little is known about the regulation of B7-H1
expression in distinct CNS resident cell types and its subsequent effects on T cell function.
Following peripheral rabies virus infection B7-H1 expression on neurons prevents viral
control resulting in neuroinvasion, enhanced CNS viral load, and mortality (6). B7-H1 also
limits the control of neurotropic coronavirus within the CNS, but, conversely, reduces
morbidity (10). Infection by the nonlethal, glia-tropic mouse coronavirus hepatitis virus
strain JHM (JHMV), induces an encephalomyelitis that leads to a persistent CNS infection
predominantly in spinal cords with ongoing myelin loss in wild-type (wt) mice (34-37). The
minimal virus replication in astrocytes and microglia is predominantly controlled by
perforin-mediated CD8 T cell cytolysis, while IFN-γ controls viral replication in
oligodendroglia, the major target of virus infection (38-41). Virus-specific CD8 T cells
infiltrating the CNS express high levels of PD-1, while B7-H1 is prominently up-regulated
on oligodendroglia, and to a lesser extent on microglia and astrocytes (10). Evasion of T cell
function by B7-H1 expression on oligodendroglia is supported by accelerated reduction of
viral mRNA and Ag in infected B7-H1 deficient (B7-H1-/-) compared to wt mice (10).

To understand the mechanisms underlying the discrepancy between increased viral control
yet increased morbidity during JHMV infection, this study examined the affects of B7-H1
deficiency on T cell expansion and function within the CNS. B7-H1 deficiency affected
neither peripheral virus-specific T cell expansion, nor the numbers or composition of CNS
infiltrating cells. However, enhanced IFN-γ production by both CD8 and CD4 T cells within
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the CNS, in addition to enhanced granzyme B expression by virus-specific CD8 T cells
demonstrated increased T cell effector function. Elevated and prolonged IFN-γ secretion
further correlated with sustained mRNA encoding inducible nitric oxide synthase (iNOS)
and TNF, as well as microglia/monocyte-derived macrophage activation and increased
axonal damage. The absence of increased myelin loss suggested B7-H1 does not protect
oligodendrocytes directly from immune attack, but rather dampens ongoing immune
activation. The results demonstrate that modulation of T cell effector functions leads to
detrimental bystander effects on non-infected cell types, despite more effective viral control.
The data further question the goal of reducing viral load in the CNS using T cell based
strategies prior to understanding how distinct infected cell types contribute to T cell
regulation.

Materials and Methods
Mice and virus infection

Wt C57BL/6 mice were purchased from the National Cancer Institute (Frederick, MD). B7-
H1-/-and transgenic mice expressing GFP via the oligodendroglia specific proteolipid protein
promoter on the C57BL/6 background were previously described (42, 43). All mice were
bred under pathogen-free conditions at an accredited facility at the Cleveland Clinic Lerner
Research Institute. Mice were infected at 6-7 wks of age by intracranial injection with either
250 PFU of the glia-tropic JHM variant V2.2-1 of mouse hepatitis virus (JHMV) or 500
PFU of a dual monoclonal Ab (mAb)-derived JHMV variant designated V2.2/7.2-2 (44).
Animals were scored daily for clinical signs of disease with: 0, healthy; 1, ruffled fur and
hunched back; 2, hind limb paralysis or inability to turn to upright position; 3, complete hind
limb paralysis and wasting; 4, moribund or dead. All procedures were conducted in
accordance with federal guidelines under animal protocols approved by the Institutional
Animal Care and Use Committees.

Isolation of mononuclear cells
CNS-derived mononuclear cells were isolated as described previously (34). Briefly, brains
(n = 3-6) were homogenized in ice-cold Tenbroeck glass grinders in Dulbecco’s PBS.
Homogenates were clarified by centrifugation and supernatants collected and stored at -80°C
for further analysis. Cell pellets were resuspended in RPMI supplemented with 25 mM
HEPES, adjusted to 30% Percoll (Pharmacia, Piscataway, NJ) and underlayed with 1ml 70%
Percoll. After centrifugation at 800 × g for 30 min at 4°C, cells were recovered from the
30%-70% interface, washed once and resuspended in FACS buffer (PBS with 0.5% BSA).
Cell suspensions from cervical lymph nodes (CLN) were prepared from identical animals as
previously described (34). For PCR analysis of purified CD45lo microglia, CNS monocyte-
derived CD45hiCD11b+ macrophages and CD45-GFP+ oligodendroglia were isolated from
infected mice following trypsin digestion as previously described (10). In brief, pooled brain
or spinal cords (n = 6) were finely minced and digested with 0.25% trypsin in PBS for 30
minutes at 37°C. Trypsin activity was terminated by addition of 20% Newborn Calf Serum
followed by Percoll gradient centrifugation as described above.

Flow cytometric analysis and fluorescence activated cell sorting
Cells were incubated with mouse serum and rat anti-mouse FcγIII/II mAb (2.4G2; BD
Bioscience, San Diego, CA) for 20 min on ice prior to staining. Expression of cell surface
markers was determined by incubation of cells with FITC-, PE-, PerCP-, or
allophycocyanin-conjugated mAb specific for CD45 (30-F11), CD4 (L3T4), CD8 (53-6.7),
CD11b (M1/70), CD25 (PC61), CD62L (MEL-14) (BD Bioscience, San Jose, CA) and
PD-1 (RMP1-30) (eBioScience San Diego, CA) for 30 minutes on ice. Virus-specific CD8+

T cells were identified using Db/S510 MHC class I tetramers (Beckman Coulter Inc.,
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Fullerton, CA) as described previously (34). Stained cells were washed twice with FACS
buffer and fixed in 2% paraformaldehyde. For intracellular detection of granzyme B and
Foxp3 cells were stained for cell surface markers prior to permeabilization with either
Cytofix/Cytoperm Reagent (BD PharMingen) or Fixation/Permeabilization Reagent
(eBioScience) and staining with allophycocyanin-labeled anti-granzyme B (GB12, isotype-
control mouse IgG1; Caltag Laboratories Burlingame, CA) or FITC-labeled anti-Foxp3
(FJK-16s; eBioScience), respectively. A minimum of 2 × 105 viable cells were stained and
analyzed on a FACSCalibur flow cytometer (BD, Mountain View, CA). Data were analyzed
using FlowJo software (Tree Star Inc., Ashland, OR). CNS monocyte-derived
CD45hiCD11b+ macrophages, CD45lo microglia, CD45-GFP+ oligodendroglia, CD4 T cells
as well as tetramer+ and tetramer- CD8 T cells were purified from pooled brain or spinal
cords (n = 6) using a BD FACSAria (BD Bioscience). A minimum of 105 cells were
collected per pooled sample and frozen in 400μl of Trizol (Invitrogen, Carsbad, CA) at -80
°C for subsequent RNA extraction and PCR analysis as described previously (45).

Virus titers and cytokine determination
Virus titers within the CNS were determined in clarified supernatants by plaque assay using
the murine DBT astrocytoma as detailed previously (44). Plaques were counted after 48 hr
incubation at 37°C. Clarified supernatants were also used to measure IFN-γ and IL-10 by
ELISA as previously described (10, 46). Briefly, 96 well plates were coated overnight at 4°C
with 100μl of 1μg/ml of anti-IFN-γ (R4-6A2; BD Bioscience) or 3.5μg/ml anti-IL-10
(JES5-2A5, BD Bioscience). Non-specific binding was blocked with 10% FCS in PBS for
1.5 hr before the addition of IFN-γ or IL-10 recombinant cytokine standard (BD Bioscience)
and samples. After a 2 hr incubation at room temperature bound IFN-γ or IL-10 was
detected using biotinylated anti-IFN-γ (XMG1.2, BD Bioscience) or anti-IL-10 (JES5-I6E3,
BD Bioscience) and avidin peroxidase followed by 3,3’,5,5’ Tetramethylbenzidine (TMB
Reagent Set; BD Bioscience) 1 hr later. Optical densities were read at 450nm in a Bio-Rad
Model 680 microplate reader and analyzed using Microplate Manager 5.2 software (Bio-Rad
Laboratories, Hercules, CA). Titers were calculated as reciprocals of the highest dilution that
exceeded three standard deviations over the mean negative control.

Histopathology
Tissues were fixed in 10% formalin and embedded in paraffin. Distribution of viral Ag was
determined by immunoperoxidase staining using the anti-JHMV mAb J.3.3 as the primary
Ab, horse anti-mouse as secondary Ab and 3,3′-diaminobenzidine substrate (Vectastain-
ABC kit; Vector Laboratories, Burlingame, CA). For enumeration of Ag positive cells
sections were digitized using the Automated Cellular Imaging System Software (Dako,
Carpinteria), counted manually and reported as positive cells/mm2. Demyelination was
determined by staining with luxol fast blue (LFB) while axonal integrity was examined
using anti-phosphorylated neurofilament mAb SMI-31 and anti-nonphosphorylated
neurofilament mAb SMI-32 (Covance, Princeton, NJ). Percentage area of demyelination in
LFB stained sections were determined as previously described (40). Oligodendrocytes were
identified with anti-adenomatous polyposis coli (APC) mAb (OP80, Calbiochem). Apoptotic
cells were identified with anti-activated caspase-3 Ab (Asp175; Cell Signaling, Beverly,
MA). Microglia and infiltrating monocytes were identified using anti-ionized calcium-
binding adapter molecule-1 Ab (Iba-1), while anti-CD3 Ab (Abcam, Cambridge, MA)
detected T cells. Sections were scored in a blinded fashion and representative fields were
identified based on average score of all sections in each experimental group.

Virus-specific Abs
Sera from JHMV infected mice were assessed for virus-specific Abs by ELISA as
previously described (47, 48). Briefly, plates were coated with 100 μl of a serum free
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supernatant derived from JMHV infected DBT cells and incubated overnight at 4°C. Plates
were washed with PBS containing 0.05% Tween 20 and blocked with 10% FCS in PBS for
1 hr before adding samples. Samples were diluted 2 fold in PBS and incubated overnight at
4°C. Plates were then washed and bound Ab was detected using biotinylated goat anti-
mouse IgG (Jackson ImmunoResearch Laboratories,West Grove, PA), avidin peroxidase
and 3,3’,5,5’ Tetramethylbenzidine (BD Bioscience). Absorbance was read at 450nm in a
Bio-Rad Model 680 microplate reader and analyzed using Microplate Manager 5.2 software
(Bio-Rad Laboratories, Hercules, CA).

PCR
Snap frozen brains, spinal cords or livers from individual mice (n = 3-4) were placed into 1
ml Trizol (Invitrogen) and homogenized in Tenbroeck glass grinders. RNA was isolated as
previously described (49). DNA contamination was removed by treatment with DNase I for
30 min at 37°C (DNA-free kit, Ambion, Austin, TX) and cDNA was synthesized from RNA
using M-MLV Reverse Transcriptase (Invitrogen) and oligo-dT primers (Promega Madison,
WI). Quantitative real-time PCR was performed using 4 μl of cDNA and SYBR Green
Master Mix (Applied Biosystems, Foster City, CA) in duplicate on a 7500 Fast Real-Time
PCR System (Applied Biosystems). PCR conditions were 10 min at 95°C followed by 40
cycles at 95°C for 15 s, 60°C for 30 s and 72°C for 30s. Real-time primer sequences were as
follows: GAPDH sense, 5’-CATGGCCTTCCGTGTTCCTA-3’ and anti-sense, 5’-
ATGCCTGCTTCACCACCTTCT-3’; JHMV nucleocapsid sense, 5’-
CGCAGAGTATGGCGACGAT-3’ and anti-sense, 5’-
GAGGTCCTAGTCTCGGCCTGTT-3’; TNF sense, 5’-GCCACCACGCTCTTCTGTCT-3’
and anti-sence, 5’-GGTCTGGGCCATAGAACTGATG-3’; iNOS sense, 5’-
GTTCTCAGCCCAACAATACAAGA-3’ and anti-sense, 5’-
GTGGACGGGTCGATGTCAC-3’; IL-6 sense, 5’-
ACACATGTTCTCTGGGAAATCGT-3’ and anti-sense, 5’-
AAGTGCATCATCGTTGTTCATACA-3’; IL-10 sense, 5’-
TTTGAATTCCCTGGGTGAGAA-3’ and anti-sense, 5’-
GCTCCACTGCCTTGCTCTTATT-3’; TGF-β1 sense, 5’-
CCCGAAGCGGACTACTATGC-3’ and anti-sense, 5’-
CGAATGTCTGACGTATTGAAGAACA-3’ ; TAP-1 sense, 5’-
CGAGTGTCTCGGGAATGCTG-3’ and anti-sense, 5’-
GTGAACTGAAGCTGGTAGAGAACGA-3’; MHC class I sense 5’-
GCCTCCTCCGTCCACTGA-3’ and anti-sense, 5’-GCCACCACAGCTCCAATGAT-3’;
CXCL9 sense, 5’-TGCACGATGCTCCTGCA-3’ and anti-sense, 5’-
AGGTCTTTGAGGGATTTGTAGTGG-3’; CCL2 sense, 5’-
AGCAGGTGTCCCAAAGAA-3’ and anti-sense, 5’-TATGTCTGGACCCATTCCTT-3’;
and CXCL10 sense5’-GACGGTCCGCTGCAACTG-3’ and anti-sense 5’-
GCTTCCCTATGGCCCTCATT-3’. IFN-γ, IL-17, Suppressor of Cytokine Signaling 1
(SOCS-1) and SOCS-3 mRNA levels were determined using Applied Biosystems Gene
Expression Arrays with Universal Taqman Fast Master Mix (Applied Biosystems) in
duplicate. PCR conditions were 20 s at 95°C followed by 40 cycles at 95°C for 3 s and 60°C
for 30 s. Transcript levels were calculated relative to the housekeeping gene GAPDH using
the following formula: 2[CT(GAPDH) – CT(Target Gene)] × 1000, where CT is determined as the
threshold cycle at which the fluorescent signal becomes significantly higher than that of the
background. Standard PCR was performed using 2 μl of cDNA and the following primer
sequences: JHMV nucleocapsid sense, 5’-GTCGCAAGCCAACAGGCCG-3’ and anti-
sense, 5’-GGAGTCCTCTTTTGACGAGGC-3’; and hypoxanthine-guanine
phosphoribosyltransferase (HPRT) sense, 5’-GTAATGATCAGTCAACGGGGGAC-3’ and
anti-sense, 5’-CCAGCAAGCTTGCAACCTAACCA-3’. PCR amplification conditions for
nucleocapsid consisted of 15 min at 95°C followed by 35 cycles at 95°C for 1 min, 64°C for
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1 min, and 72°C for 1min while for GAPDH 15 min at 95°C was followed by 25 cycles at
95°C for 1 min, 60°C for 1 min, and 72°C for 1min.

Statistical analysis
Results are expressed as the mean ± SEM for each group of mice. In all cases, p < 0.05 was
considered significant. Graphs were plotted and statistics assessed using GraphPad Prism 3.0
software.

Results
B7-H1 protects from encephalitis despite delaying virus control

Greater than 50% of B7-H1-/- mice succumbed to JHMV infection between days 10 and 14
post infection (p.i.), whereas the survival rate in infected wt mice was 80% (Fig. 1A). Liver
can be a target tissue of JHMV infection in immuno-deficient hosts, potentially contributing
to lethality. However, no evidence of acute hepatitis or viral mRNA was detected in the liver
of infected B7-H1-/- mice at day 7 p.i. (data not shown). Despite enhanced clinical disease
prior to day 12 p.i. (10), surviving B7-H1-/- mice showed more rapid recovery compared to
the wt group (Fig. 1B). These data suggest that B7-H1 contributes to minimizing morbidity
during acute viral encephalitis, but subsequently delays recovery.

Infectious virus in the CNS of both groups was similar at day 5 p.i. indicating no apparent
differences in innate antiviral function. However, virus replication was controlled more
rapidly in B7-H1-/- mice, approaching the detection threshold by day 10 p.i., whereas all wt
mice still harbored infectious virus at this time point (Fig. 1C). Quantification of virus
infected cells in spinal cords showed an average of 3.4 ± 1.5 infected cells/mm2 in B7-H1-/-

mice compared to 16.5 ± 7.8 infected cells/mm2 in wt mice at day 10 p.i. In both groups the
majority of virus infected cells exhibited a morphology consistent with oligodendrocytes. To
confirm that virus primarily infects oligodendrocytes spinal cords from infected syngeneic
wt mice expressing GFP under the oligodendrocyte specific proteolipid protein promoter
were used to isolate oligodendrocytes and microglia by FACS (43). At day 7 and 10 p.i.
viral mRNA encoding the nucleocapsid protein was 19- and 16-fold higher in
oligodendrocytes compared to microglia. These results confirm B7-H1 hinders control of
infectious virus, as previously suggested by mRNA analysis (10). Notably, accelerated
reduction of infectious virus in the absence of B7-H1 coincided with lower levels of
persisting viral mRNA in the CNS of survivors (Fig. 2). Thus viral persistence was not
prevented by more rapid control of infectious virus during acute infection.

Reduction of virus between days 7 and 10 p.i. correlated with maximal lymphocyte
accumulation within the CNS (37). Significantly enhanced antiviral activity in the absence
of B7-H1 in both brain and spinal cord thus implied enhanced T cell effector function as the
prominent antiviral mechanism. All virus-susceptible glia cell types within the CNS
upregulate MHC class I during infection, while only microglia upregulate MHC class II (43,
50). Thus, CD8 T cell effector functions were considered prime candidates in mediating
both enhanced viral clearance and morbidity. The consequences of B7-H1 deficiency were
investigated in mice infected with a non-pathogenic JHMV derivative containing a deletion
in the dominant H-2b restricted CD8 T cell epitope. This virus variant, designated
V2.2/7.2-2, replicates to similar levels within the CNS as the V2.2-1 variant, but does not
cause clinical disease or demyelination in wt mice (35, 44). B7-H1-/- mice controlled
V2.2/7.2-2 with kinetics similar to wt mice and also remained asymptomatic (data not
shown), supporting the notion that increased CD8 T cell effector function leads to enhanced
morbidity and mortality in V2.2-1 infected B7-H1-/- mice.

Phares et al. Page 6

J Immunol. Author manuscript; available in PMC 2011 August 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Expansion and recruitment of virus-specific CD8 T cells is independent of B7-H1
T cell responses to JHMV infection are initiated in the draining CLN (51). Although the cell
types involved in activating JHMV-specific T cells have not been characterized, expression
of B7-H1 by dendritic cells (14) may limit initial T cell activation and expansion. However,
no significant differences in the percentages of virus-specific CD8 T cells were detected in
the CLN of wt and B7-H1-/- mice between days 5 and 10 p.i. (Fig. 3A). Moreover,
comparable frequencies of CD62Llo virus-specific CD8 T cells indicated no differences in
overall activation. In addition, the frequency of CD62Llo CD4 T cells as well as the kinetics
and magnitude of anti-JHMV Ab were not altered by the absence of B7-H1 (Fig. 3B and C).

To evaluate whether B7-H1 affected CNS accumulation of inflammatory cells or specific
subsets, CNS-derived cells were analyzed by flow cytometry. Total numbers of cells
recovered from infected wt and B7-H1-/- mice were similar (Table I). Percentages of bone
marrow-derived CD45hi CNS-infiltrating cells, as well as their relative proportions of
F4/80+ monocytes, CD8 T cells, and CD4 T cells were also not significantly altered in B7-
H1-/- compared to wt mice (Table I). However the number of total CD8 T cells were
consistently elevated in B7-H1-/- mice. Lower percentages of tetramer+ cells within the CNS
CD8 T cell population in infected B7-H1-/- (Fig. 4A) therefore only resulted in reduced
numbers of total virus-specific CD8 T cells at day 7 p.i. the peak of T cell infiltration (Fig.
4B). Furthermore, CNS-derived B7-H1-/- CD8 T cells, particularly the tetramer negative
subset, expressed higher levels of PD-1 compared to wt CD8 T cells (Fig. 4A). PD-1
expression was also higher on CNS-infiltrating CD4 T cells (data not shown). These data
indicate that neither CD8 T cell expansion, recruitment nor the overall inflammatory cell
composition was considerably modified by the absence of B7-H1. Accelerated viral
clearance could thus not be attributed to more prominent peripheral expansion or
accumulation of virus-specific CD8 T cells within the CNS.

B7-H1 regulates CNS antiviral T cell effector function
PD-1:B7-H1 interactions decrease T cell-mediated IFN-γ secretion (11, 13, 19, 21) as well
as cytolytic function in vitro (11, 24). Enhanced viral control in the absence of B7-H1 thus
predicted increased T cell activity at a cellular level. Virus-specific CD8 T cells from
infected B7-H1-/- mice assayed directly ex vivo without peptide stimulation expressed higher
levels of granzyme B compared to those derived from CNS of wt mice at day 7 p.i.,
consistent with increased in vivo effector function (Fig. 5A). Granzyme expression was even
further increased by day 10 p.i. By contrast, granzyme B in the tetramer negative
populations remained similar between both groups, indicating enhanced effector function is
specific to viral Ag. Furthermore, although CD4 T cells have the potential to be cytolytic,
granzyme B was only detected in a minor fraction of CD4 T cells, and the relatively small
expression levels were not significantly influenced by the absence of B7-H1 (Fig. 5B).

IFN-γ not only increases MHC class I expression on glial cells (43, 50) but also controls
JHMV infection of oligodendroglia (38-40). IFN-γ levels within the CNS were low at day 5
p.i., peaked by day 7 p.i., and subsequently declined by day 10 p.i. in both groups
demonstrating similar kinetics of IFN-γ expression following infection (Fig. 5C). Despite
similar kinetics, IFN-γ levels were significantly higher in the CNS of B7-H1-/- mice at days
7 and 10 p.i., confirming increased in vivo effector function. IFN-γ mRNA was also
increased ~2-fold relative to wt mice at day 7 p.i. (data not shown), supporting TCR driven
transcriptional regulation (52). As viral Ag and mRNA are most abundant in
oligodendrocytes, which upregulate MHC class I but not MHC class II during infection (43),
we tested whether CD8 T cells contributed most prominently towards increased IFN-γ
production. To circumvent in vitro manipulation introduced by peptide stimulation and
external target cells, T cell subsets were directly FACS purified from the infected CNS at
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day 7 p.i. and subjected to mRNA analysis (Table II). Levels of IFN-γ mRNA were indeed
~1.6-fold higher in tetramer+ CD8 T cells from B7-H1-/- mice relative to wt mice.
Furthermore, the tetramer- CD8 T cell populations from both groups contained only 15-20
% the IFN-γ mRNA levels detected in the tetramer+ cells, confirming a minor contribution
to overall IFN-γ levels. Surprisingly, purified CD4 T cells from wt mice harbored ~2-fold
higher IFN-γ mRNA than virus-specific CD8 T cells. Moreover, CD4 T cells from B7-H1-/-

mice also expressed higher IFN-γ mRNA levels relative to their wt counterparts, similar to
CD8 T cells. Increased IFN-γ expression by CD4 T cells relative to CD8 T cells was thus
sustained in B7-H1-/- mice. Analysis of TNF mRNA as an alternate indicator of T cell
activity suggested enhanced expression is only observed in tetramer+ CD8 T cells in B7-
H1-/- mice, but that expression is overall low relative to wt CD4 T cells. Furthermore, IL-17
mRNA remains barely detectable in T cells from both groups, suggesting no contribution of
T cell derived IL-17 to increased morbidity. These results thus indicate that both CD8 and
CD4 T cells contribute to elevated IFN-γ within the CNS. Overall, these data support the
notion that enhanced clearance of infectious virus from the CNS of B7-H1-/- mice is a direct
consequence of elevated IFN-γ and granzyme B production at the cellular level.

B7-H1 ameliorates axonal loss
Primary demyelination with relative sparing of axons is a hallmark of JHMV infection (45,
53) and the focal areas of myelin loss are tightly linked to T cell-mediated effector functions
(41, 54-56). Surprisingly, although myelin producing oligodendrocytes are the major targets
of infection, B7-H1 expression did not affect the overall size, number or distribution of focal
lesions of myelin loss following JHMV infection during acute disease (Fig. 6) (data not
shown) (10) or in B7-H1-/- survivors at 31 days p.i. (data not shown). Quantitative analysis
revealed approximately 2% of spinal cord area was demyelinated at day 10 p.i. in both
groups. Oligodendrocytes within the area of myelin loss were counted using anti-APC (40)
to determine if the increased control of infectious virus correlated with alterations in
oligodendrocyte loss. APC positive cells decreased between days 7 and 10 p.i. within the
areas of myelin loss in both groups; however, there was no evidence for enhanced
oligodendrocyte loss either within the lesions or in normal white matter in B7-H1-/- spinal
cords (data not shown). Although B7-H1 did not affect the area of myelin loss (Fig. 6) or the
numbers of oligodendrocytes, areas within each lesion exhibited increased demyelination
and axonal damage. Axonal integrity was assessed by dual staining with mAb SMI-31,
specific for phosphorylated neurofilaments, and mAb SMI-32, specific for
nonphosphorylated neurofilaments. Axonal damage was confined to areas within the
demyelinated lesions in both groups (Fig. 6) but was enhanced within the lesions in infected
B7-H1-/- mice (Fig. 6). As rare infected neurons are cleared of virus prior to T cell
infiltration (45, 57), these results suggest that the prominent B7-H1 expression on
oligodendocytes reduces bystander tissue destruction in contrast to dampening direct
cytolysis of oligodendrocytes. Increased mortality thus coincides with enhanced axonal
damage.

No evidence for enhanced neuronal infection in B7-H1-/- mice implied that the mechanisms
underlying axonal bystander damage may be due to misdirected T cell effector activity or to
secondary effects. Exaggerated T cell effector function within the CNS of B7-H1-/-mice
suggested a possible contribution of increased apoptosis to enhanced tissue destruction. The
vast majority of apoptotic cells in the CNS during JHMV infection are lymphocytes (40, 58)
with only rare apoptotic oligodendrocytes (59). No evidence for neuronal apoptosis was
detected in either group and the absence of B7-H1 expression coincided with only a slight
elevation in apoptotic cells within the areas of myelin loss (Fig. 7); however, in both wt and
B7-H1-/- mice their morphology was consistent with lymphocytes (40, 58). The areas of
myelin loss were examined for T cells and macrophages/microglia to determine the cellular
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composition associated with increased tissue destruction. Compared to the few T cells
within the lesions of wt mice, lesions in B7-H1-/- mice contained increased numbers of T
cells, which appeared more clustered relative to the random distribution in wt mice (Fig. 7).
In addition to increased T cells within the lesions, macrophage/microglia exhibited increased
cytoplasmic content and a less ramified phenotype (Fig. 7), consistent with enhanced
activation of microglia/macrophages by elevated IFN-γ (41, 60, 61). The data further
support an association between increased IFN-γ and enhanced clinical disease without
affecting demyelination noted previously during JHMV infection (46).

B7-H1 dampens pro-inflammatory cytokines but not chemokines
Numerous pro-inflammatory mediators exacerbate CNS disease during infection and
autoimmunity (60, 62-66). TNF and iNOS are common markers of activation and potential
mediators of neurotoxicity (60, 67). TNF and iNOS mRNA expression in the CNS were
similar in both groups at day 7 p.i. (Fig. 8). However, in contrast to the decline of iNOS and
TNF mRNA in wt mice by day 10 p.i., mRNA levels were maintained in B7-H1-/- mice,
consistent with elevated IFN-γ (see Fig. 5C). Notably, IL-17 mRNA levels were similarly
low in the CNS of infected wt and B7-H1-/- mice (Fig. 8), confirming results from purified T
cells (Table II) and excluding a role of IL-17 in this model (46). Furthermore, CCL2,
CXCL9 and CXCL10 mRNA levels were comparable in the CNS of both groups (Fig. 8),
consistent with similar overall cell recruitment in the absence of B7-H1 (Table I). Lastly, a
similar decline in IL-6 mRNA expression in both groups by day 10 p.i. confirmed no
differences in ongoing innate signaling (Fig. 8).

The more activated morphology of microglia/macrophages in lesions of B7-H1-/- mice
suggested these populations may contribute to sustained iNOS and TNF mRNA expression.
CD45lo microglia and infiltrating CD45hiCD11b+ monocyte-derived macrophages were
therefore purified from the CNS of infected wt and B7-H1-/- mice at 10 days p.i. to assess
their contributions to expression of potentially toxic mediators. Expression of iNOS mRNA
was considerably higher in infiltrating monocyte-derived macrophages versus microglia in
both groups regardless of their derivation from brain or spinal cord (Fig. 9). Furthermore,
both microglia and infiltrating monocyte-derived macrophages from B7-H1-/- infected mice
expressed elevated iNOS mRNA. In the brain, iNOS expression by B7-H1-/- derived
microglia and macrophages was increased 6.3 ± 2.2 and 5.2 ± 0.7 fold, respectively, while
levels in spinal cord were enhanced by 2.2 ± 0.1 and 2.7 ± 0.6 fold relative to their wt
counterparts. TNF mRNA levels were also elevated in B7-H1-/- microglia relative to wt
microglia (Fig. 9) with modest 1.9 ± 0.1 and 2.0 ± 0.1 fold increases in the brain and spinal
cord, respectively. No differences in TNF mRNA expression were detected comparing wt
and B7-H1-/- derived infiltrating monocyte-derived macrophages. Although elevated iNOS
mRNA reflected enhanced and sustained IFN-γ expression, IFN inducible mRNA transcripts
for MHC class I and TAP-1 remained similar (Fig. 9). These data indicated that increased
and prolonged T cell effector function in infected B7-H1-/- mice is associated with sustained
microglia and macrophage activation, iNOS and TNF expression, potentially contributing to
enhanced morbidity and mortality.

Anti-inflammatory responses within the CNS of B7-H1-/- mice are insufficient to counteract
morbidity

In addition to tempering T cell function, B7-H1-mediated signaling may be required for
conversion of naive CD4 T cells to adaptive regulatory T cells (Tregs) by dendritic cells
(36). Tregs are protective during lethal JHMV infection (68). Therefore, we tested whether
recruitment of CD4+Foxp3+ Tregs into the CNS was impaired in the absence of B7-H1.
Modestly elevated percentages of Foxp3+ T cells were found in the CLN of B7-H1-/- mice
compared to wt mice (data not shown). The percentage of Foxp3+ T cells was also slightly
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higher in the CNS of B7-H1-/- mice at day 7 p.i. compared to wt mice and equivalent by day
10 p.i. (Fig. 10A). Impaired activation or recruitment of Treg is thus unlikely to contribute to
increased mortality and T cell activity in B7-H1-/- mice. To further verify that expression of
the anti-inflammatory response within the CNS is not negatively affected by B7-H1
deficiency, mRNAs specific for TGF-β1, IL-10, SOCS-1 and SOCS-3 were measured. TGF-
β1 mRNA levels were similar in both groups at days 7 and 10 p.i. and did not decline within
this timeframe (Fig. 10B). While IL-10 plays a protective role in JHMV induced morbidity
and mortality (69), the role of SOCS-1 and SOCS-3, IFN-γ inducible inhibitors of cytokine
signaling pathways (70), has not been explored. All three transcript levels were significantly
elevated at day 7 p.i. in both infected groups compared to naive mice (Fig. 10). IL-10 and
SOCS-3 mRNA levels were significantly higher in the CNS of B7-H1-/- versus wt mice at
day 7 p.i. (Fig. 10C and D) and declined by day 10 p.i. in both groups. However, expression
remained elevated in the absence of B7-H1. IL-10 protein levels in the CNS were also
higher in B7-H1-/- compared to wt mice at day 7 p.i. (data not shown). SOCS-1 mRNA
expression did not differ between B7-H1-/- versus wt mice (Fig. 10E), indicating distinct
regulation of these SOCS genes. Similar Treg accumulation and no evident impairment in
anti-inflammatory responses in B7-H1-/- mice suggested that these otherwise protective
mediators induced during CNS inflammation were insufficient to counteract the increased
severity of the white matter lesions and clinical disease.

Discussion
The modulating effects of PD-1:B7-H1 interactions on virus-induced encephalitis, viral
control, and persistence within the CNS have not been studied extensively. The present
study analyzed cellular mechanisms underlying enhanced virus control, the consequences on
CNS viral persistence and immunopathology in B7-H1-/- mice infected with a neurotropic
conronavirus. B7-H1 did not alter peripheral expansion of virus-specific CD8 T cells or
overall accumulation of CNS-infiltrating cells; however, the percentages of virus-specific
CD8 T cells within the CNS were consistently reduced in B7-H1-/- mice. The increased
tetramer negative CD8 T cells within the CNS may arise from an increased T cell receptor
repertoire, similar to T cells in the CNS of PD-1-/- mice during EAE (71) and/or preferential
apoptosis of virus-specific T cells due to enhanced activation. Increased mortality and focal
tissue destruction were thus directly attributed to altered T cell:target interactions locally
within the CNS, rather than increased T cell activation in lymphoid tissue observed during
non-microbial driven models of CNS disease in B7-H1-/- mice (72, 73).

CD8 T cells play a dominant role in controlling JHMV replication via both cytolytic activity
and IFN-γ (38-41). Nevertheless, both CD8 and CD4 T cells contribute to viral pathogenesis
(34, 54-56), unlike predominant CD4 or CD8 T cell driven pathology during EAE or
transgene driven CNS inflammation, respectively (74, 75). More rapid control of virus
replication in oligodendrocytes, which express MHC class I, but not MHC class II, directly
implicated CD8 T cell activities as primary antiviral mediators, as well as candidates for
causing exacerbated disease. This notion was supported by the similar kinetics of virus
clearance from the CNS of B7-H1-/- and wt mice infected with a JHMV variant lacking the
dominant CD8 T cell epitope. B7-H1 deficiency indeed coincided with significantly
enhanced granzyme B expression specifically in virus-specific CD8 T cells. Similarly, IFN-γ
mRNA levels were increased in virus-specific CD8 T cells derived from the CNS of B7-
H1-/- mice, supporting increased effector function. However, CD4 T cells also contained
increased IFN-γ mRNA levels clearly indicating that CD4 T cells make a prominent
contribution to overall increased IFN-γ protein levels in the CNS of B7-H1-/- mice. This
finding was surprising as MHC class II expressing microglia/monocytes are more sparsely
infected compared to oligodendrocytes. Whether CD4 T cell activation in the CNS results
from cross-presentation in addition to direct engagement of infected cells and how B7-H1
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affects this interaction remains to be determined. While our data are thus consistent with
increased T cell activity in the CNS of B7-H1-/- mice with EAE, they differ in that enhanced
activation was evident at the cellular level rather than the increased population of IFN-γ
producing T cells during EAE (73). Although increased T cell effector function was
reflected in more efficient virus control in B7-H1-/- mice, ongoing detection of persisting
viral mRNA demonstrated that accelerated viral control alone cannot prevent viral
persistence. Furthermore, similar antiviral Ab responses following infection support a
negligible role of B7-H1 in modulating humoral immunity, consistent with the Ab responses
in B7-H1-/-and wt mice following immunization with myelin oligodendrocyte glycoprotein
(71).

Similar to viral infection of neurons (76-78), IFN-γ is crucial in non-cytolytic control of
JHMV infection in oligodendrocytes, which appear resistant to perforin/granzyme-mediated
cytolysis in wt mice (40, 79). Surprisingly, even the absence of B7-H1 on oligodendrocytes
did not enhance vulnerability to CD8 T cell cytolysis, as indicated by similar extent of
myelin loss (10), similar morphology of apoptotic cells, and the absence of increased
oligodendrocyte loss. In contrast to rabies virus infection (6), we found no evidence
supporting a contribution of B7-H1 to apoptosis of effector T cells. Elevated numbers of T
cells coincided with a modest increase in apoptotic cells only within lesions of B7-H1-/-

mice, suggesting a focal interaction between T cells with infected cells resulting in
activation within the white matter.

Despite a similar extent of myelin loss increased T cell effector function in B7-H1-/- mice
coincided with more severe damage within the lesions, characterized by extensive axonal
damage as well as increased microglia/macrophage activation. Although CD8 T cells are
likely candidates contributing to greater axonal injury in infected B7-H1-/- mice, it remains
unclear whether injury results from direct release of antiviral mediators or from participation
of toxic factors released by activated macrophages. Increased axonal loss is also a hallmark
of PD-1 deficient myelin mutant mice with EAE (71), presumably mediated by activated
CD4 T cells. However, participation of CD8 T cells in triggering axonal damage has been
demonstrated in Theiler’s murine encephalomyelitis virus infection (80) as well as in in vitro
(81). However, unlike MHC class I dependent CD8 T cell-mediated axonal injury in the
latter model, rare infection of neurons by glia-tropic JHMV argues against direct axonal
damage by CD8 T cells. Extensive in vivo bystander killing of neurons as a consequence of
cytotoxic CD8 T cell attack on surrounding astrocytes (82) and axonal loss resulting from
bystander damage by auto-aggressive, myelin-directed cytotoxic CD8 T cells (83) both
favor T cell-mediated bystander damage as the cause of increased axonal injury.

Sustained mRNA expression of the neurotoxic pro-inflammatory mediators TNF and iNOS,
coincident with increased activation of the microglia/macrophage population within
demyelinated lesions in B7-H1-/- mice, suggested dysregulation of these cells may also
contribute to the increase in axonal damage. Although both iNOS and TNF play negligible
roles in JHMV pathogenesis (84, 85), it cannot be ruled out that elevated expression of
neurotoxic factors by infiltrating monocyte-derived macrophages in B7-H1-/- mice may have
deleterious local effects, specifically proximal to neurons. Similarly, prolonged expression
of TNF by B7-H1-/- microglia may increase cytotoxicity and/or decrease neuroprotective
functions. Notably, elevated expression of IFN-γ, TNF and iNOS mRNA also coincides with
exacerbated disease in JHMV infected IL-10-/- mice (69). In this context it is also of interest
that SOCS-3 is essential for the function of classically activated M1 macrophages (86).
Enhanced IFN-γ induced SOCS-3 in the absence of B7-H1 may thus promote an M1
phenotype in CNS macrophages, enhancing tissue damage rather than dampening the pro-
inflammatory response. Increased expression of pro-inflammatory molecules and tissue
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damage was paralleled by elevated IL-10 indicating this anti-inflammatory mediator was
clearly insufficient to counteract enhanced T cell and microglia/ macrophage activation.

In summary, our data demonstrate that B7-H1 down-regulation of T cell effector function
delays control of virus replication in the CNS, contributes to viral persistence and is vital in
containing bystander damage to non-infected cells. These results are consistent with studies
suggesting a protective role of B7-H1 in limiting damage to bystander cells via regulation of
T cell activity. However, expression of B7-H1 by the respective target cells was not
analyzed. Our studies demonstrate that B7-H1 expression on oligodendrocytes, the major
targets of infection, impedes virus clearance without preventing CD8 T cell-mediated
cytolysis. However, by tempering CD8 T cell-mediated activity, B7-H1 may not only
prevent damage to uninfected bystander cells, but indirectly protect from sustained
activation and release of neurotoxic factors by infiltrating monocyte-derived macrophages
and microglia. Elimination of these protective functions to accelerate control of viral
infection is thus severely compromised by enhanced focal tissue damage and increased
morbidity.
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Abbrevations used in the paper

APC adenomatous polyposis coli

CLN cervical lymph nodes

CT threshold

EAE experimental allergic encephalomyelitis

HPRT hypoxanthine-guanine phosphoribosyltransferase

Iba-1 ionized calcium-binding adapter molecule-1

iNOS inducible nitric oxide synthase

JHMV neurotropic JHM strain of mouse hepatitis virus

LFB luxol fast blue

p.i post-infection

PD-1 programmed death-1

SOCS suppressor of cytokine signaling
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FIGURE 1.
Rapid virus control in B7-H1-/- mice is associated with increased mortality and accelerated
recovery in survivors. (A) Survival of JHMV infected wt and B7-H1-/- mice (n = 20/group).
(B) Infected mice (n = 9-11/group) were scored for clinical symptoms at the indicated time
points. Data are expressed as the mean ± SEM. (C) Virus titers in brains of individual wt and
B7-H1-/- mice (n = 6-11/group) were determined by plaque assay. Horizontal bars indicate
the mean titer and are representative of three separate experiments. The dashed line marks
the limit of detection. Data are on a log10 scale. All infected mice had a clinical score ≥ 2.
Statistically significant differences between infected wt and B7-H1-/- mice, determined by
unpaired t test, are denoted by ** (p < 0.005).
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FIGURE 2.
Reduced CNS viral persistence in B7-H1-/- mice. (A) Viral mRNA in spinal cords of
individual infected wt and B7-H1-/- mice at days 7 and 42 p.i. as well as naive mice
amplified by PCR and analyzed by gel electrophoresis. Amplification of HPRT mRNA was
used as a control. (B) Viral band intensities were measured by densitometry and normalized
to HPRT expression. Densitometry data represent mean ± SEM (n = 4-5/group). Statistically
significant differences between infected wt and B7-H1-/- mice, determined by unpaired t
test, are denoted by ** (p < 0.005).
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FIGURE 3.
B7-H1 does not alter the frequency of JHMV-specific CD8 T cells, CD62Llo CD4 T cells or
serum anti-JHMV Ab in the periphery. (A and B) CLN cells from infected mice were
analyzed for CD4, CD8, CD62L and Db/S510 specific T cell receptor expression by flow
cytometry at the indicated days p.i. (A) Representative density plots depict staining with Db/
S510 tetramer and anti-CD62L Ab. Plots are gated on CD8 T cells. Data are representative
of three independent experiments and numbers within each quadrant represent the mean
percentages ± SEM of tetramer positive CD8 T cells. Differences between infected wt and
B7-H1-/- mice were not statistically significant. (B) Data are expressed as the mean ± SEM
percentage of CD62Llo CD4 T within the total CD4 T cell population from three
independent experiments. (C) Kinetics of virus-specific IgG in sera of infected mice
assessed by ELISA. Data are expressed as the mean ± SEM (n ≥ 3/group).
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FIGURE 4.
Reduced JHMV-specific CD8 T cells in the CNS of infected B7-H1-/- mice. Cells isolated
from the brains of infected mice were analyzed for CD8, PD-1 and Db/S510 specific T cell
receptor expression by flow cytometry at the indicated days p.i. (A) Representative density
plots gated on CD8 T cells depict staining with anti-PD-1 Ab and Db/S510 tetramer. Data
are representative of three independent experiments and bold numbers within each quadrant
represent the mean percentages ± SEM of tetramer positive CD8 T cells. PD-1 expression on
tetramer positive and negative CD8 T cells is indicated by mean fluorescence intensity in
parentheses. Data are the mean ± SEM. Statistically significant differences in % of tetramer
positive cells and PD-1 expression between infected wt and B7-H1-/- mice, determined by
unpaired t test, are denoted by * (p < 0.05) and ** (p < 0.005). (B) Total number of tetramer
positive CD8 T cells per brain. Data represent the mean ± SEM of two experiments.
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FIGURE 5.
T cell effector functions are enhanced in the absence of B7-H1. (A and B) Pooled brain cells
(n ≥ 4/group) isolated at days 7 and 10 p.i. were stained for CD4, CD8, Db/S510 specific T
cell receptor and intracellular granzyme B. Representative density plots depict staining with
(A) anti-granzyme B Ab and Db/S510 tetramer or (B) anti-granzyme B and CD4 Ab. Plots
are gated on either CD8 or CD4 T cells. Mean fluorescence intensity of granzyme B staining
in (A) tetramer positive (upper) or negative (bottom) CD8 T cells or (B) CD4 T cells are
shown in parentheses. Data are representative of two independent experiments. (C) Brain
IFN-γ levels were assessed by ELISA at the indicated days p.i. in infected wt and B7-H1-/-

mice. Data represent the mean ± SEM (n ≥ 3/group) and are representative of two separate
experiments. Statistically significant differences determined by unpaired t test, are denoted
by * (p < 0.05) and ** (p < 0.005).
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FIGURE 6.
Axonal damage is increased within the demyelinated lesion of B7-H1-/- mice. (Upper
panels) Spinal cords sections from JHMV infected wt and B7-H1-/- mice at day 10 p.i.
stained with LFB to identify areas of myelin loss. Representative lesions are shown with
vertical arrows to indicate similar areas of demyelination (Lower panels). Axonal integrity
within the same spinal cord demyelinated lesions visualized with anti-SMI-31 and -SMI-32
Ab.
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FIGURE 7.
B7-H1 modifies T cell accumulation and microglia/infiltrating monocyte-derived
macrophage activation. Sections of spinal cords from JHMV infected wt and B7-H1-/- mice
at day 10 p.i. analyzed for apoptosis and inflammation. Apoptotic cells were identified with
anti-activated caspase 3 Ab (Upper panels), T cells with anti-CD3 Ab (Middle panels) and
microglia/monocyte-derived macrophages with Iba-1 Ab (Lower panels). Inserts show
higher magnification of positive cells. Arrows indicate area of insert.
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FIGURE 8.
Expression of iNOS and TNF is sustained in the absence of B7-H1. Relative transcript levels
of iNOS, TNF, IL-17, CCL2, CXCL9, CXCL10 and IL-6 in spinal cords of naive and
infected mice assessed by real-time PCR. Data are expressed as the mean ± SEM transcript
level relative to GAPDH mRNA from 3-4 individual mice and are representative of two
independent experiments. Statistically significant differences between infected wt and B7-
H1-/- mice, determined by unpaired t test, are denoted by * (p < 0.05).
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FIGURE 9.
Increased expression of iNOS and TNF by B7-H1-/- microglia/macrophage populations.
Relative transcript levels of iNOS, TNF, MHC class I and TAP-1 in purified CD45lo

microglia (Left panels) and CD45hiCD11b+ monocyte-derived macrophages (Right panels)
from pooled brain or spinal cords 10 days p.i. were assessed by real-time PCR. Transcript
levels relative to GAPDH are presented as fold increases with levels from wt mice taken as
1. Data represent the mean ± SEM of two experiments. Statistically significant differences
between infected wt and B7-H1-/- mice, determined by unpaired t test, are denoted by * (p <
0.05) and ** (p < 0.005).
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FIGURE 10.
B7-H1 deficiency does not impair anti-inflammatory responses. (A) Pooled brain cells (n ≥
3/group) isolated at days 7 and 10 p.i. were stained for CD4 and intracellular Foxp3. Data
represent the mean ± SEM percentage of Foxp3+ cells within the CD4+ T cell population
from two independent experiments. (B-E) Levels of mRNAs specific for TGFβ-1, IL-10,
SOCS-3 and SOCS-1in the spinal cords of naive and infected mice assessed by real-time
PCR. Data are expressed as the mean ± SEM transcript level relative to GAPDH mRNA
from 3-4 mice. Statistically significant differences between infected wt and B7-H1-/- mice,
determined by unpaired t test, are denoted by * (p < 0.05) and ** (p < 0.005). Data are
representative of two independent experiments.
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Table II

Cytokine expression by CNS infiltrating CD4 and CD8 T cells

Micea Geneb,c CD8 Tetramer + CD8 Tetramer - CD4

WT IFN-γ 104.7 ± 23.6 20.9 ± 1.5 229.8 ± 6.4

B7-H1 -/- IFN-γ 173.1 ± 10.0 28.5 ± 1.2 352.9 ± 3.7

WT TNF 24.2 ± 2.3 57.4 ± 0.7 183.5 ± 3.9

B7-H1 -/- TNF 39.6 ± 4.3 60.9 ± 2.4 111.2 ± 12.3

WT IL-17 NDd NDd 1.4 ± 0.5

B7-H1 -/- IL-17 NDd NDd 1.1 ± 0.5

a
Day 7 p.i.

b
Relative transcript levels normalized to GAPDH mRNA.

c
Data presented as mean ± SEM.

d
ND, Not detected.
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