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reduce the latent load of HCMV by killing ex-
perimentally latent CD14+ monocytes in vitro.
Monocytes latently infected with TB40 gfp and
then treated with vincristine for 4 days showed
a reduced number of latently infected (GFP-
positive) cells (Fig. 4B and fig. S4) as well as a
concomitant reduction in detectable latently ex-
pressed UL138 RNA (Fig. 4C), which is con-
sistent with vincristine-mediated killing of latently
infected cells and a reduction in latency-associated
viral load.

Experimentally latent CD14+ monocytes or
CD34+ progenitors can be induced to reactivate
latent virus by differentiation to dendritic cells
(DCs) and subsequent maturation (8). If vincris-
tine was reducing latent viral load by killing la-
tently infected cells, this should also be reflected
in a reduction in reactivating virus. Indeed, treat-
ment of experimentally latently infected cells with
vincristine reduced reactivation of latent HCMV
from CD14+ monocytes after their differentiation
to DCs (fig. S5). CD14+ monocytes and CD34+

progenitors isolated from latently infected donors
routinely reactivate infectious HCMVafter differ-
entiation and maturation to mature DCs, detected
by coculture with indicator fibroblasts (Fig. 4,
D and E, and fig. S6) (5). Vincristine treatment
of CD14+ monocytes, from 7 out of 7 healthy
HCMV-seropositive donors, as well as CD34+

cells, showed reduced reactivation of infectious
virus after differentiation and maturation (Fig.
4D-E). Thus, MRP1 is a potential therapeutic
target for eliminating latent HCMV-infected cells
from bone marrow before transplantation.

The study of HCMV latency has been ham-
pered by the inability to identify low-frequency
latently infected cells ex vivo. The down-regulation
of MRP1 by UL138 provides a novel marker of
latent infection, but why is MRP1 targeted? DCs
from MRP1-deficient mice fail to respond to
chemotactic stimuli or migrate into afferent lym-
phatics (25), because the endogenous MRP1 sub-
strate LTC4 (17) sensitizes the CCR7 chemokine
receptor to CCL19 (25). UL138-mediated down-
regulation of MRP1 reduced cellular LTC4 ex-
port, suggesting that UL138 could inhibit the
migration of infected DCs to draining lymph nodes
and impair the generation of an HCMV-specific
immune response. Decreased MRP1 expression
could also help maintain latent infection by in-
hibiting premature terminal differentiation of DC
progenitors until conditions for reactivation are
established, as reported for other HCMV latency
proteins (UL111.5A) (26), and the terminal dif-
ferentiation of DC progenitors is dependent on
functional MRP1 (27).

UL138-mediated down-regulation of MRP1
was functionally significant, leading to a dra-
matic reduction in the export of MRP1-specific
substrates and predicted that MRP1-transported
cytotoxic drugs would accumulate and kill UL138-
expressing cells. Indeed, vincristine treatment of
experimentally latent myeloid cells and naturally
latent CD14+ cells and their CD34+ progenitors
decreased the latent CMV viral load. Vincristine

treatment dramatically reduced levels of reacti-
vated virus after myeloid cell differentiation and
maturation to mature DCs, a well-established sig-
nal for virus reactivation (5).

Our results open up the possibility of de-
veloping strategies usingMRP1-specific reagents
to clear bone marrow or hematopoietic stem cells
of latently infected cells before transplantation,
either based on the selection of HCMV-negative
cell subpopulations or the targeted killing of la-
tently infected cells, using cytotoxic agents nor-
mally exported by MRP1.
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Blockade of Chronic Type I Interferon
Signaling to Control Persistent
LCMV Infection
Elizabeth B. Wilson,1 Douglas H. Yamada,1 Heidi Elsaesser,1 Jonathan Herskovitz,1 Jane Deng,2
Genhong Cheng,1 Bruce J. Aronow,3 Christopher L. Karp,4* David G. Brooks1†

Type I interferons (IFN-I) are critical for antiviral immunity; however, chronic IFN-I signaling is
associated with hyperimmune activation and disease progression in persistent infections. We
demonstrated in mice that blockade of IFN-I signaling diminished chronic immune activation and
immune suppression, restored lymphoid tissue architecture, and increased immune parameters
associated with control of virus replication, ultimately facilitating clearance of the persistent
infection. The accelerated control of persistent infection induced by blocking IFN-I signaling
required CD4 T cells and was associated with enhanced IFN-g production. Thus, we demonstrated
that interfering with chronic IFN-I signaling during persistent infection redirects the immune
environment to enable control of infection.

Despite initially robust antiviral immune
activity, some viruses, includingHIVand
hepatitis C virus (HCV) in humans and

lymphocytic choriomeningitis virus (LCMV)
in mice, outpace the immune response and es-
tablish persistent infections (1, 2). Besides virus-

12 APRIL 2013 VOL 340 SCIENCE www.sciencemag.org202

REPORTS

 o
n 

A
pr

il 
12

, 2
01

3
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org/


mediated evasion tactics, the host initiates an
immunosuppressive program that actively sup-
presses antiviral T cell responses and facilitates
persistent infection (3–8). The expression of

suppressive factors is tightly linked to viral bur-
den (3, 4, 8), suggesting the presence of an im-
munologic sensory system that continually
measures the magnitude and duration of viral
replication and then dynamically modulates the
balance between antiviral immunity and immune
exhaustion.

In order to identify the mechanisms orches-
trating the immunosuppressive program during
virus infection, we performed RNA microarray–
based splenic network analysis. We compared
mice infected with one of two LCMV strains:
the Armstrong (Arm) strain, which induces a
robust T cell response that resolves infection
within 8 to 10 days, or the clone 13 (Cl13) strain,
which generates a persistent infection because
of the sustained expression of an immunosup-
pressive program, including production of inter-
leukin (IL)-10 and expression of the inhibitory
molecule PD-L1 (programmed cell death 1 lig-
and 1) (4, 5, 9–13). PD-L1 and IL-10 are sim-

ilarly expressed at the onset of both acute and
persistent infection; however, expression of these
molecules wanes with resolution of acute in-
fection, whereas they are maintained or ele-
vated in persistent infection (3, 4, 8). Similarly,
antigen-presenting cell (APC) populations ex-
pressing multiple suppressive factors with the
ability to inhibit Tcell responses are present early
in acute infection but are elevated in the context
of persistent infection (8). We focused our mi-
croarray analysis to identify factors exhibiting
a similar kinetic that might be used to sense
virus replication dynamics and control immu-
nosuppressive programs. Tissue-wide cytokine
expression patterns were similar in acute and
persistent infections (fig. S1A). However, anal-
ogous to virus clearance kinetics, type I inter-
feron (IFN-I) receptor (IFNR)–stimulated genes,
signal transducer and activator of transcription
(STAT) genes, and IFN-I regulatory factors were
initially similarly expressed in LCMV-Arm and

Fig. 1. Prolonged IFN-I signaling during persistent infection.
(A) Splenic virus titers T SD after acute LCMV-Arm (black) and per-
sistent LCMV-Cl13 (red) infection (left). Gene expression kinetics by
microarray analysis of the indicated IFNR-inducible, STAT, and IFN-I
regulatory factors (IRFs) in whole spleen tissue after LCMV-Arm (black)
or LCMV-Cl13 (red) relative to naïve (uninfected) mice. Each value indicates
the average of three to four mice per group per time point. Values are shown
without error bars for clarity, and the P values for each gene are indicated in
table S1. PFU, plaque-forming units. (B) IFNa (left) and IFNb (right) mRNA
expression relative to a control gene, HPRT, in splenic DCs from naïve or
LCMV-Arm– or LCMV-Cl13–infected mice (day 9). N.D. indicates that IFNa or
IFNb transcripts were not detected after 40 cycles of amplification. HPRT
mRNA expression was measurable in all samples. (C) Mx1, OAS, and IRF3

mRNA expression relative to HPRT in the indicated IL-10+ (GFP+, green) or
IL-10– (GFP–, black) splenic DCs (top) or macrophages (bottom) 9 days
after LCMV-Cl13 infection of Vert-X IL-10 reporter mice. For (B) and (C),
each group is a pool of cells from six to eight mice and is representative of
two independent experiments.

1Department of Microbiology, Immunology and Molec-
ular Genetics and the UCLA AIDS Institute, David Geffen
School of Medicine, University of California, Los Angeles
(UCLA), Los Angeles, CA 90095, USA. 2Division of Pul-
monary and Critical Care Medicine, David Geffen School
of Medicine, UCLA, Los Angeles, CA 90095, USA. 3Di-
vision of Biomedical Informatics and Division of De-
velopmental Biology, Cincinnati Children’s Hospital
Research Foundation and the University of Cincinnati
College of Medicine, Cincinnati, OH 45267, USA. 4Di-
vision of Molecular Immunology, Cincinnati Children’s Hos-
pital Research Foundation and the University of
Cincinnati College of Medicine, Cincinnati, OH 45267,
USA.

*Present address: The Bill and Melinda Gates Foundation,
Seattle, WA 98109, USA.
†Corresponding author. E-mail: dbrooks@microbio.ucla.
edu

www.sciencemag.org SCIENCE VOL 340 12 APRIL 2013 203

REPORTS

 o
n 

A
pr

il 
12

, 2
01

3
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org/


LCMV-Cl13 infections but then rapidly dissi-
pated as acute LCMV-Arm infection resolved,
whereas they remained elevated in LCMV-Cl13
infection (Fig. 1A and table S1). In total spleen,
the expression of IFN-a and IFN-b was not ele-
vated above uninfected mice (fig. S1B); however,
at day 9 postinfection IFN-a and IFN-b tran-
scripts were still present in dendritic cells (DCs)
from LCMV-Cl13–infected mice (Fig. 1B). Anal-
ysis of IL-10–green fluorescent protein (GFP)
(Vert-X) reporter mice (8, 14) revealed thatOAS
and Mx1 (genes directly stimulated by IFNR
signaling) expression levels were specifically en-
riched in the immunoregulatory APCs that co-
express the highest levels of PD-L1 and IL-10
and can suppress antiviral T cell responses (8)
(Fig. 1C), suggesting a link between prolonged
IFN-I signaling and immunosuppression. Ex-
pression of IRF3, a gene involved in the IFN-I

response but whose expression is not directly
regulated by IFNR signaling (15), was not dif-
ferentially increased in immunoregulatory APCs
(Fig. 1C).

We next determined the impact of IFN-I sig-
naling on the immunosuppressive program in vivo.
Although levels of virus replication usually cor-
relate with expression of suppressive factors (1),
Ifnar1−/− mice exhibited decreased expression
of PD-L1 and IL-10 compared with wild-type
mice at day 9 after LCMV-Cl13 infection (Fig. 2A
and fig. S2A) despite elevated levels of viral
replication and viral antigen (fig. S2, A and B).
Furthermore, treatment of splenocytes with IFNb
stimulated increased PD-L1 and IL-10 expres-
sion (fig. S2C). Taken together, these data suggest
that IFN-I signaling drives the immunosuppres-
sive program in vivo. Ifnar1−/−mice failed to clear
LCMV-Arm by day 9 after infection (fig. S2D),

consistent with the antiviral and immune stimula-
tory effect of IFN-I during viral infection (16).

To resolve the role of IFN-I in induction of
the immunosuppressive program separate from
potential abnormalities of life-long genetic de-
ficiency in Ifnar1−/− mice (17), we treated wild-
type mice with an IFNR1-blocking antibody
beginning 1 day before LCMV-Cl13 infection.
IFNR1 blockade diminishedMx1,OAS, and IRF7
expression in multiple tissues and cell types (fig.
S3A), indicating the ability to inhibit IFN-I sig-
naling in vivo. Analogous to persistently infected
Ifnar1−/−mice, IFNR1 antibody blockade led to
decreased PD-L1 and IL-10 expression and ele-
vated virus titers comparedwith isotype antibody–
treated LCMV-Cl13–infected mice on day 9 after
infection (Fig. 2B). IL-10 levels rebounded when
IFNR1 blocking antibody treatment was with-
drawn (day 15; Fig. 2B), indicating sensitive

Fig. 2. The immunosuppres-
sive program during persist-
ent infection is dependent
on IFN-I signaling. (A) Rep-
resentative histograms and
summarized quantification of
geometric mean fluorescence
intensity (GMFI) show PD-L1
on splenic DCs and macro-
phages 9 days after LCMV-Cl13
infection in wild-type (WT,
black) and Ifnar1−/− (red) mice.
Scatter plots show plasma IL-10
levels on day 9 after LCMV-Cl13
infection. Bar graphs measure
IL-10 production by cultured
splenocytes (in the absence
of exogenous stimulation) iso-
lated 9 days after LCMV-Cl13
infection from WT or Ifnar1−/−

mice. Plasma viral titers in WT
or Ifnar1−/− mice on day 9 after
LCMV-Cl13 infection are shown
to the far right. Dashed lines
indicate the level of detection
of the plaque assay (200 PFU).
(B to D) WT mice were treated
with isotype or IFNR1 blocking
antibody beginning 1 day be-
fore LCMV-Cl13 infection. (B)
Graphs indicate GMFI of PD-L1
on splenic CD45+ cells (left),
plasma levels of IL-10 (middle),
and plasma viral titers (right) of
untreated mice (B6), isotype-
treated mice, IFNR1 blocking
antibody (aIFNR1)–treated mice,
and untreated Ifnar1−/− mice.
Plasma IL-10 levels on day 15
after LCMV-Cl13 infection are shown on the far right. (C) Flow cytometry
plots of IL-10 reporter expression (GFP) in splenic DCs from Vert-X mice
treated with isotype or IFNR1 blocking antibody. Bar graphs show the
frequency of IL-10 expression and the GMFI of PD-L1 expression by
splenic DCs. The ratio of IL-10–nonproducing to IL-10–producing DCs is
shown on the far right. (D) Hematoxylin and eosin staining of spleens

from naïve mice (left) or on day 9 after LCMV-Cl13 infection of mice
treated with isotype (middle) or IFNR1 blocking antibody (right). Symbols
represent individual mice with bars indicating the mean of the group. In
bar graphs, the data represent the average T SD of three to six mice per
group. All data are representative of two or more independent
experiments. *P < 0.05.
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surveillance and rapid modulation of the immu-
nosuppressive state through IFN-I signaling.
Heightened IFN-I signaling can inhibit inflam-
masome activity in some situations (18). How-
ever, despite higher levels of virus replication and
LCMV antigen in splenic APCs from persist-
ently infected mice treated with IFNR1 block-
ing antibody (Fig. 2B and fig. S2B), reduced
amounts of IL-1, IL-18, and inflammasome ac-
tivation were observed (fig. S3B), indicating
that blockade of IFN-I signaling decreases chro-
nic inflammation during persistent infection.
The reduced levels of inhibitory factors and
chronic activation after IFNR1 blockade were
not indicative of global down-regulation of pro-
inflammatory cytokines, and in fact expression
of IFN-g, a factor critical for control and ther-
apeutic resolution of persistent LCMV infection
(16, 19, 20), was elevated after IFNR1 blockade
(fig. S3B). Thus, IFNR blockade during per-
sistent infection diminishes immunosuppressive

signals and chronic inflammation during per-
sistent infection.

IFNR1 antibody blockade before infection
also decreased the level of IL-10– and PD-L1–
expressing immunoregulatory DCs (Fig. 2C),
leading to an enhanced ratio of stimulatory to im-
munoregulatory DCs. Moreover, IFNR1 antibody
blockade prevented the splenic disorganization
associated with impaired immune cell interactions
and the inability to control persistent infection
(21–23) (Fig. 2D and fig. S3C). Thus, immune
cells are likely better positioned to interact with
one another, and, because of the decrease in im-
munoregulatory DC frequency, those interactions
are more likely to be stimulatory.

We next determined how blockade of IFN-I
signaling before infection contributed to control
of persistent infection. Although virus titers were
initially increased in mice treated with IFNR1
blocking antibody, by 30 days postinfection vire-
mia was reduced compared with isotype treat-

ment, andmany of themice had already controlled
infection (Fig. 3A). Furthermore, virus titers were
decreased in multiple compartments, including
the kidney (a life-long reservoir of LCMV-Cl13)
(Fig. 3B). Mirroring findings in Ifnar1−/− mice
(16), IFNR1 blockade in wild-type mice led to
persistent infection with LCMV-Arm (fig. S2D),
demonstrating the antiviral activity of IFN-I and
its requirement to control acute viral infection.

We next sought to understand the immune
mechanisms through which IFNR1 blockade en-
ables control of persistent viral infection. IFNR1
blockade before infection induced a numerical
increase in many immune subsets 9 days after
infection including the total number of func-
tional virus-specific CD4 Tcells (Fig. 3C and fig.
S4A). However, despite an overall increase in
B cells and CD4 T cells, LCMV-specific anti-
body titers were not elevated in IFNR1 blocking
antibody–treated mice at day 9 or 30 after in-
fection (fig. S4B). Unlike virus-specific CD4 T

Fig. 3. IFNR1 blockade enhances control of persistent infection. WT
mice were treated with isotype or IFNR1 blocking antibody beginning 1 day
before LCMV-Cl13 infection. (A) Plasma virus titers at the indicated time
points after infection. (B) Viral titers in plasma, liver, and kidney 30 days
after infection. (C) Graphs indicate total numbers of IFN-g–expressing and of
multicytokine-producing (polyfunctional) LCMV-GP61-80–specific CD4 T cells
and LCMV-GP33-41–specific CD8 T cells. (D) Plasma viral titers at day 30 after
LCMV-Cl13 infection in mice that were either undepleted of cells and treated
with isotype (iso/iso) or IFNR1 (aIFNR1/iso) blocking antibody or depleted of

CD4 T cells (aCD4) or NK cells (aNK) before infection and IFNR1 blocking
antibody treatment. (E) Plasma virus titers at the indicated time point after
LCMV-Cl13 infection in mice that were either treated with isotype or IFNR1
blocking antibody with or without anti–IFN-g (aIFN-g). x axis labels indicate
(top) IFNRI or isotype and (bottom) cell or IFN-g depleting antibody treat-
ments. Each symbol in the scatter plots represents an individual mouse with
bars indicating the mean of the group. Dashed lines indicate the level of
detection of the plaque assay (200 PFU). Data are representative of two or
more independent experiments. *P < 0.05.
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cells, virus-specific CD8 Tcell numbers and cyto-
kine production were similar or slightly reduced
when IFN-I signaling was blocked (Fig. 3C and
fig. S4C). On the basis of the increase in nat-
ural killer (NK) cells, virus-specific CD4 T cells,
and systemic IFN-g levels (Fig. 3C and figs. S3B
and S4A), we sought to examine the role of each
of these factors in accelerating virus clearance
after IFNR1 blockade. CD4 depletion before in-
fection abrogated the accelerated virus control
engendered by IFNR1 blockade, whereas NK
cell depletion did not affect IFNR1 blockade–
mediated clearance (Fig. 3D). To assess the role
of increased IFN-g in IFNR1 blockade–induced
virus clearance, we treated mice with IFNR1
blocking antibody with or without IFN-g block-
ing antibodies at the time of LCMV-Cl13 in-
fection. The accelerated clearance of persistent
infection after IFNR1 blockade was abrogated
in mice cotreated with IFN-g blocking antibody
(anti–IFN-g) (Fig. 3E). Although occurring later
than in IFN-g knockout mice (24), mice treated
with anti–IFN-g alone died ~35 days after in-
fection, whereas mice receiving IFNR1 block-

ing antibody plus anti–IFN-g survived and cleared
infection similar to untreated mice. Together, these
results indicate that IFNR1 antibody stimulates
accelerated clearance of persistent virus infec-
tion through CD4 T cell and IFN-g–dependent
mechanisms.

We next determined whether therapeutic
blockade of IFN-I signaling affected an estab-
lished LCMV-Cl13 infection. Blockade of IFNR1
beginning 25 days after infection accelerated
control of persistent infection in multiple com-
partments compared with isotype treatment (Fig. 4,
A and B). The enhanced control of infection oc-
curred despite the initial increase in virus titers
immediately after IFNR1 blocking antibody
therapy (Fig. 4A). Blockade of IFNR1 beginning
25 days after infection reduced the IFN-I gene
expression signature and decreased IL-10 and
PD-L1 levels (Fig. 4, C and D), demonstrat-
ing that IFN-I continues to be a key compo-
nent of an immunologic surveillance system and
stimulator of the immunosuppressive program
throughout persistent infection. Thus, thera-
peutically ablating chronic IFN-I immune acti-

vation in vivo enhances control of persistent
LCMV infection.

Our results demonstrate that chronic IFN-I
signaling during persistent infection drives the
immunosuppressive program and that interfering
with IFN-I signaling restores multiple parameters
of productive immunity, allowing for viral clear-
ance. IFN-I treatment in combination with the
antiviral drug ribavirin is often effective at eradi-
cating HCV infection. However, some patients
fail to have a sustained virologic response. A
characteristic of patients that fail IFN-I/ribavirin
therapy is a heightened IFN-I signature before
treatment that fails to substantially increase with
therapy (25, 26). Thus, the initially high IFN-I
signature may lead to enhanced immune dys-
function, and consequently adding more IFN-I is
ineffective. These results highlight the duality of
IFN-I during viral infection: Acute IFN-I signals
possess antiviral and immune stimulatory poten-
tial required for clearance of infection, but when
virus cannot be controlled, acutely sustained IFN-I
signaling induces immunosuppression that facil-
itates persistent virus infection. Considering that

Fig. 4. Therapeutic IFNR1 antibody blockade dampens the immunosuppressive program
and facilitates clearance of persistent infection.WT mice were treated with isotype or IFNR1
blocking antibody beginning on day 25 after LCMV-Cl13 infection. (A) Plasma viral titers at the
indicated time points. The percent of mice at each time point exhibiting detectible virus titers is
summarized in the kinetic graph to the right, with the shaded area representing the time of treat-
ment. The data are combined from two experiments. (B) Viral titers in the plasma, liver, and kidney
at day 46 after LCMV-Cl13 infection. (C) OAS,Mx1, and IRF7mRNA expression relative to HPRT in
splenocytes from naïve mice (white) or on day 30 after LCMV-Cl13 infection in mice treated with
isotype (black) or IFNR1 (red) blocking antibody. (D) Graphs indicate GMFI of PD-L1 on splenic
dendritic cells (left) and plasma IL-10 levels (right) on day 30 after LCMV-Cl13 infection in mice
treated with isotype or IFNR1 blocking antibody. Each symbol in the scatter plot represents an
individual mouse, and bar graphs indicate the average value T SD. All data are representative of
two to five independent experiments. *P < 0.05.
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HIVand HCV infections are also associated with
immune activation driven by chronic IFN-I sig-
naling (23, 27–29), a similar blockade of IFN-I
may improve control of these infections. In total,
our data support IFN-I as a central rheostat and
regulator of the immunosuppressive program and
the possibility that it may be feasible to redirect
entire immunologic programs by modulating ac-
tivity of a single pathway: IFN-I.
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Persistent LCMV Infection Is
Controlled by Blockade of Type I
Interferon Signaling
John R. Teijaro,1* Cherie Ng,1* Andrew M. Lee,1† Brian M. Sullivan,1 Kathleen C. F. Sheehan,2
Megan Welch,1 Robert D. Schreiber,2 Juan Carlos de la Torre,1 Michael B. A. Oldstone1‡

During persistent viral infections, chronic immune activation, negative immune regulator
expression, an elevated interferon signature, and lymphoid tissue destruction correlate with disease
progression. We demonstrated that blockade of type I interferon (IFN-I) signaling
using an IFN-I receptor neutralizing antibody reduced immune system activation, decreased
expression of negative immune regulatory molecules, and restored lymphoid architecture in mice
persistently infected with lymphocytic choriomeningitis virus. IFN-I blockade before and after
establishment of persistent virus infection resulted in enhanced virus clearance and was CD4 T
cell–dependent. Hence, we demonstrate a direct causal link between IFN-I signaling, immune
activation, negative immune regulator expression, lymphoid tissue disorganization, and virus
persistence. Our results suggest that therapies targeting IFN-I may help control persistent virus
infections.

Persistent viral infections such as HIV, hep-
atitis B virus, and hepatitis C virus (HCV)
represent important global health problems.

Persistent viruses take advantage of negative
immune regulatory molecules to suppress anti-
viral CD4 and CD8 T cell responses (1, 2),

resulting in T cell exhaustion (3, 4) and facili-
tating virus persistence. Hyperimmune activation
is also observed after persistent virus infection
and is characterized by prolonged activation
of T cells, B cells, and natural killer (NK) cells;
elevated pro-inflammatory mediators; and a sus-
tained interferon signature (5–7). Type I inter-
feron (IFN-I) signaling is upstream of hundreds
of inflammatory genes, suggesting that IFN-I
may be responsible for generating the hyperac-
tivated immune environment during virus per-
sistence. We investigated the role of IFN-I in
regulating immune activation, immune suppres-
sion, and virus control after persistent virus in-
fection in mice.

To elucidate the role of IFN-I in virus per-
sistence, we used lymphocytic choriomeningitis
virus (LCMV). In adult mice, the Armstrong
(Arm) strain causes an acute infection that is
cleared 8 days postinfection (dpi) because of
robust antiviral CD8 T cell responses. In con-
trast to the Arm strain, the clone 13 (Cl13) strain
causes a systemic viral infection lasting over
90 days (8–13). Cl13-infected mice had signifi-
cantly elevated IFN-I in the serum compared with
Arm-infected counterparts at 18 and 24 hours
postinfection (hpi) (Fig. 1, A and B). By using
IFN-b–yellow fluorescent protein (YFP) reporter
mice (14), we detected YFP expression in plas-
macytoid dendritic cells (pDCs) at 18 hours post–
Cl13 infection, with minimal YFP expression in
pDCs during Arm infection (fig. S1A). IFN-b–
YFP expression was not observed in other spleno-
cytes (fig. S1B), suggesting that Cl13 infection
induces IFN-b production in pDCs. pDCs are
reported to be an early target of Cl13 infection
(13, 15). To address whether Cl13 preferentially
infected pDCs, we used nonreplicating Arm or
Cl13 viruses, in which their glycoproteins (GPs)
were replaced with a green fluorescent protein
(GFP)marker (denotedDGP-Cl13 orDGP-Arm).
As expected, pDCs exhibited a 2- to 2.5-fold
increase in GFP expression upon infection with
DGP-Cl13 compared with DGP-Arm (Fig. 1C).
Consistent with IFN-I signaling being upstream
of inflammatory gene expression, we observed
elevated expression of multiple pro-inflammatory
cytokines and chemokines 18 hours post-Cl13
infection versus Arm infection (fig. S1C). To
determine whether elevated pro-inflammatory
cytokines and chemokines in Cl13 infection
were due to IFN-I signaling, we treated mice
with an antibody against interferon alpha-beta
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