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Abstract

CD8 T cells contribute to effective clearance of mouse adenovirus type 1 (MAV-1) and to virus-
induced pulmonary inflammation. We characterized effects of a CD8 T cell effector, TNF, on
MAV-1 pathogenesis. TNF inhibited MAV-1 replication /n vitro. TNF deficiency or
immunoneutralization had no effect on lung viral loads or viral gene expression in mice infected
intranasally with MAV-1. Absence of TNF delayed virus-induced weight loss and reduced
histological evidence of pulmonary inflammation, although concentrations of proinflammatory
cytokines and chemokines in bronchoalveolar lavage fluid (BALF) were not significantly affected.
BALF concentrations of IL-10 were greater in TNF-deficient mice compared to controls. Our data
indicate that TNF is not essential for control of viral replication /7 vivo, but virus-induced TNF
contributes to some aspects of immunopathology and disease. Redundant CD8 T cell effectors and
other aspects of immune function are sufficient for antiviral and proinflammatory responses to
acute MAV-1 respiratory infection.
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Introduction

Human adenoviruses (HAdVs) are common causes of infections. HAdVs cause a variety of
illnesses, including forms of respiratory, cardiac, eye, and gastrointestinal disease (Wold and
Isom, 2013). To overcome the barrier created by the strict species-specificity of the
adenoviruses, which precludes extensive studies of HAdV pathogenesis, we use mouse
adenovirus type 1 (MAV-1) to study the pathogenesis of an adenovirus in its natural host.
Following intranasal (i.n.) inoculation, MAV-1 replicates in lungs and disseminates to other
target organs such as heart, liver, spleen, and brain (Chandrasekaran et al., 2019; Kajon et
al., 1998; Weinberg et al., 2007; Weinberg et al., 2005). The expression of interferon (IFN)-
7, tumor necrosis factor (TNF), and other proinflammatory cytokines and chemokines
increases in the lungs during acute infection (McCarthy et al., 2015b; Molloy et al., 2017;
Procario et al., 2012). Acute MAV-1 respiratory infection is also associated with pulmonary
inflammation characterized by the influx of immune cells, including CD4 and CD8 T cells,
into lungs, heart, and brain (McCarthy et al., 2015b; McCarthy et al., 2014; Procario et al.,
2012; Weinberg et al., 2007).

CD8 T cells are required for control of many viral infections, but CD8 T cells may also
contribute to bystander tissue damage. CD8 T cell responses to HAdV have been previously
described, and patients with defects in cellular immune function are prone to severe HAdV
disease (Kojaoghlanian et al., 2003; Walls et al., 2003). CD8 T cells are not required for
control of MAV-1 replication in the lungs at the peak of acute respiratory infection, although
they are essential for efficient clearance of actively replicating MAV-1 from the lungs at later
time points as acute infection resolves (Molloy et al., 2017). However, CD8 T cells are not
sufficient to completely clear virus; MAV-1 DNA persists in the lungs of infected mice
without detectable viral gene expression even in the presence of functional CD8 T cells
(Molloy et al., 2017). CD8 T cells also exert a proinflammatory effect, with CD8 T cell
deficiency or depletion protecting from virus-induced airway inflammation and weight loss
during acute infection (Molloy et al., 2017). Specific mechanisms underlying contributions
of CD8 T cells on MAV-1 pathogenesis in the lungs are not yet fully understood. The effects
of CD8 T cells on MAV-1 respiratory infection are not mediated by IFN-vy or perforin (Pfn)
(McCarthy et al., 2015a; McCarthy et al., 2015b; Molloy et al., 2017). Fas deficiency
decreases MAV-1-induced production of inflammatory cytokines in the airways but has no
effect on MAV-1 replication in the lungs or virus clearance from the lungs (Adkins et al.,
2018).

TNF is produced by CD8 T cells, macrophages, and other cell types in response to a wide
variety of infections. TNF signaling induces diverse cellular responses, including apoptosis
as well as the regulation of many innate and acquired immune responses (Rahman and
McFadden, 2006). TNF inhibits replication of viruses such as vesicular stomatitis virus,
encephalomyocarditis virus, herpes simplex virus, influenza, and hepatitis B virus (Biermer
et al., 2003; Mestan et al., 1986; Seo and Webster, 2002). TNF deficiency or blockade
increases the efficiency of HAdV vector-mediated transgene delivery and delays vector
clearance in mice (Abougergi et al., 2005; Benihoud et al., 2007; Kafrouni et al., 2003;
Minter et al., 2000). In this study, we used a combination of /n vitro and in vivo approaches
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to determine the extent to which TNF exerts antiviral and proinflammatory effects during
acute MAV-1 respiratory infection.

2. Results

2.1. Effects of TNF on MAV-1 replication in vitro

To determine whether TNF directly inhibited MAV-1 replication, we infected 3T12 cells
with a recombinant green fluorescent protein (GFP)-expressing MAV-1 in the presence of
recombinant TNF and measured accumulating fluorescence as a surrogate for viral
replication. In the absence of TNF, increasing fluorescence above background was detected
in infected wells by 48 hours post infection (hpi) and continued to increase through 72 hpi
(Figure 1A). We detected statistically significant dose-dependent decreases in fluorescence
in cells exposed to TNF at 48 and 72 hpi. Decreased fluorescence correlated with decreased
expression of late viral genes, measured using reverse transcriptase quantitative real-time
PCR (RT-gPCR) to quantify MAV-1 tripartite leader (TPL) mRNA levels (Figure 1B).
MAV-1 infection itself decreased cell viability slightly, but TNF had minimal additional
effect on the viability of infected or mock-infected cells (Figure 1C). These data suggest that
TNF exerts an antiviral effect on MAV-1 in a manner that is not directly related to TNF-
mediated cytotoxicity.

2.2. Effects of TNF deficiency on virus-induced disease

Adult C57BL/6 (B6) mice survive infection following i.n. inoculation, even in the absence
of CD8 T cells, IFN-vy, Pfn, or Fas (Adkins et al., 2018; Molloy et al., 2017). Mice are
protected from MAV-1-induced weight loss by CD8 T cell depletion or deficiency (Molloy
etal., 2017); Pfn deficiency attenuates virus-induced weight loss to a lesser degree, but IFN-
v and Fas deficiency do not protect against weight loss (Adkins et al., 2018; Molloy et al.,
2017). We infected B6 and TNF-deficient (TNF™~) mice with MAV-1 and monitored
survival and body weight until 14 dpi. All B6 and TNF™~ mice survived (data not shown).
As we have previously demonstrated, B6 mice lost weight by 7 dpi, continued to lose weight
until 8 dpi, and then recovered to baseline weight by 12 dpi (Figure 2A). Weight loss was
delayed in TNF™~ mice, whose weights were significantly greater than B6 mice at 7 dpi.
However, weights of B6 and TNF~~ mice were similar at 8 dpi, and subsequent weight gain
did not differ between B6 and TNF~~ mice. Thus, although TNF makes some contribution
to weight loss, its absence is not sufficient to account for the complete protection from
weight loss afforded by CD8 T cell deficiency.

2.3. Effects of TNF deficiency on MAV-1 replication

Our initial data indicated that TNF inhibits MAV-1 replication /in vitro. To determine
whether TNF production in the setting of acute MAV-1 infection is necessary for control of
viral replication in vivo, we infected TNF~~ mice and B6 controls with MAV-1 and used
gPCR to measure DNA viral loads in the lungs (Figure 2B). There were no differences in
lung viral loads between TNF~/~ and B6 mice at 7 dpi, when peak viral loads are typically
detected, or at 14 dpi, when viral loads have decreased to levels at which they persist
following resolution of acute infection (Molloy et al., 2017). Viral loads were low and did
not significantly differ between TNF~~ and B6 mice at either time point in other target
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organs, including liver (Figure 2C) and brain (Figure 2D). As an additional measure of viral
replication, we quantified MAV-1 late transcription using RT-qPCR to assess TPL mMRNA
levels in TNF~/~ mice and B6 mice. We detected no differences in TPL mRNA levels in
lung, liver, or brain at 7 or 14 dpi in(Figure 2E-G). These data suggest that TNF is not
essential for the previously demonstrated effects of CD8 T cells on clearance of MAV-1
from the lungs.

2.4. Effects of TNF deficiency on MAV-1-induced pulmonary inflammation

CD8 T cell deficiency does not affect histological evidence of pulmonary inflammation, but
the production of proinflammatory cytokines in the airways is diminished in CD8 T cell-
deficient mice infected with MAV-1 (Molloy et al., 2017). We observed histological
evidence of pulmonary inflammation in both B6 and TNF~/~ mice at 7 dpi that was less
pronounced in TNF~~ mice (Figure 3A). The amount of inflammation had decreased and
was qualitatively similar in B6 and TNF~/~ mice by 14 dpi (data not shown). Lung
pathology scores were significantly lower in TNF~/~ mice compared to B6 mice at 7 dpi
(Figure 3B). Corresponding to the qualitative histological findings, lung pathology scores
had decreased and were similar in B6 and TNF~~ mice at 14 dpi. To further characterize
contributions of TNF to MAV-1-induced pulmonary inflammation, we used ELISA to
measure concentrations of cytokines and chemokines in bronchoalveolar lavage fluid
(BALF, Figure 3C-H) that are increased during acute MAV-1 respiratory infection but to a
lesser degree in the absence of CD8 T cells or Fas (Adkins et al., 2018; Molloy et al., 2017).
There were no statistically significant differences between B6 and TNF~/~ mice in BALF
concentrations of IFN-y, IL-1B, CXCL1, CCL2, and CCL5 at 7 or 14 dpi. IL-10
concentrations were significantly greater in BALF from TNF~/~ compared to B6 mice at 7
dpi, but concentrations had decreased and were similar in B6 and TNF~~ mice by 14 dpi
(Figure 3E).

2.5. Effects of TNF immunoneutralization on MAV-1 replication and virus-induced
inflammation

We used antibody-mediated immunoneutralization of TNF in B6 mice to confirm our
findings in TNF~/~ mice at 7 dpi. Infected mice treated with nonspecific IgG lost a
significant amount of weight compared to uninfected controls by 7 dpi (Figure 4A). Infected
mice treated with anti-TNF antibody also lost weight, but the magnitude of weight loss was
significantly less than that of infected control mice. TNF immunoneutralization had no
statistically significant effect on lung viral loads (Figure 4B). TPL mRNA levels were
somewhat higher in lungs of mice treated with anti-TNF antibody compared to controls, but
the difference was not statistically significant (Figure 4C). TNF immunoneutralization had
no statistically significant effect on BALF concentrations of IFN-y, IL-1p, IL-10, CXCL1,
CCL2, or CCL5 (Figure 4D-I). Collectively, these results in TNF-immunoneutralized mice
are largely consistent with our findings in TNF~/~ mice.
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3. Methods and materials

3.1. Mice

Male C57BL/6J (B6) and B6.129S- 7n#™1GK/|3 (TNF~/~) mice were obtained from the
Jackson Laboratory. All mice were maintained under specific pathogen-free conditions and
provided with food and water ad /ibitum. All experiments were approved by the University
of Michigan Institutional Animal Care and Use Committee.

3.2. Virus and cells

MAV-1 was grown and passaged in mouse 3T6 fibroblasts, and titers of viral stocks were
determined by plaque assay on 3T6 cells (Cauthen et al., 2007). MAV-1.pIXeGFP, a
recombinant GFP-expressing MAV-1 (Ashley et al., 2017; Tirumuru et al., 2016), was kindly
provided by Kathy Spindler (University of Michigan). MAV-1.pIXeGFP was also grown,
passaged, and titered in 3T6 fibroblasts.

3.3. Invitro infection

Mouse 3T12 fibroblasts (ATCC CCL-164) were grown in Dulbecco’s Modified Eagle
Medium (Gibco) containing 5% heat-inactivated calf serum and 1% penicillin and
streptomycin (Gibco). Cells were infected with MAV-1 at a multiplicity of infection (MOI)
of 1 plaque-forming units (pfu)/cell. Infected cells were incubated for 48 h in media
supplemented with recombinant mouse TNF-a (BioLegend) or an equivalent volume of
sterile phosphate-buffered saline (PBS). RNA was isolated from infected cells using TRIzol
(Invitrogen).

3.4. Invitro infection with recombinant MAV-1 expressing GFP

Mouse 3T12 fibroblasts cells were plated in clear-bottom, opaque-walled 96-well plates
(Greiner Bio-One) at 5 x 10* cells/well and incubated overnight. Cells were then infected
with MAV 1.pIXeGFP at an MOI of 1 pfu/cell for 60 min at 37°C. Negative control wells
included uninfected cells. Infected cells were then incubated for 72 h at 37°C in indicator-
free Dulbeco’s Modified Eagle Medium (Gibco) containing 5% heat-inactivated calf serum
and 1% penicillin and streptomycin (Gibco) and supplemented with recombinant mouse
TNF or an equivalent volume of sterile PBS. Fluorescence was measured immediately after
infection and then at 24 h intervals using a Synergy HTX Multi-Mode plate reader with
Genb5 software (BioTek Instruments, Inc.).

3.5. Cell viability assays

Mouse 3T12 fibroblasts were plated in 96-well plates at 5 x 104 cells/well and incubated
overnight. Cells were infected with MAV-1 at an MOI of 1 pfu/cell or mock-infected with an
equivalent volume of conditioned media. Cells were and then incubated for 48 h with media
supplemented with recombinant TNF or sterile PBS. Wells containing uninfected cells
incubated in media alone served as an additional control. Cell viability was assessed using
the CellTiter-Glo Luminescent Cell Viability Assay (Promega) according to the
manufacturer’s directions. Luminescence was measured using a Synergy HTX Multi-Mode
plate reader with Gen5 software.
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3.6. Mouse infections

Mice were infected at 6 to 8 weeks of age. Male and female mice were used in all
experiments. Mice were anesthetized with ketamine and xylazine, then infected i.n with 10°
pfu of MAV-1 in 40 pl of sterile PBS. In some experiments, control mice were mock-
infected i.n. with conditioned medium at an equivalent dilution in sterile PBS. Mice were
weighed on the day of infection and then intermittently throughout the course of the
experiment. Mice were euthanized by ketamine/xylazine overdose at the indicated time
points. Organs were harvested, snap-frozen in dry ice and stored at —80°C.

3.7. TNF immunoneutralization

An Armenian hamster antibody recognizing mouse TNF-a (clone TN3-19.12, BioXCell)
was administered intraperitoneally at 100 pg/dose. Control mice received equivalent
amounts of nonspecific IgG (Armenian Hamster 1gG isotype control, BioXCell). Antibody
was administered on days -1, 0, 2, 4, and 6 relative to infection (day 0).

3.8. Isolation of DNA and RNA from organs

Portions of organs were homogenized using sterile glass beads in a Mini-Beadbeater
(Biospec Products) for 30 s in 1 ml of TRIzol. RNA and DNA were then isolated from
homogenates according to the manufacturer’s protocol.

3.9. Analysis of viral gene expression and DNA viral loads

Expression of the MAV-1 tripartite leader (TPL) was quantified using reverse transcriptase
quantitative real-time PCR (RT-gPCR) as previously described (Molloy et al., 2017). MAV-1
viral loads were measured in organs using quantitative real-time polymerase chain reaction
(gPCR) as previously described (McCarthy et al., 2015a; Procario et al., 2012).

3.10. Measurement of cytokine concentrations in bronchoalveolar lavage fluid

BALF was obtained by lavaging lungs three times with the same aliquot of 1 ml sterile PBS
containing protease inhibitor (complete, Mini, EDTA-free tablets; Roche Applied Science).
Cytokine concentrations were determined by ELISA (Duoset Kits, R&D Systems) according
to the manufacturer’s directions. ELISA was performed by the University of Michigan
Cancer Center Immunology Core.

3.11. Histology

Lungs were harvested from mice and fixed in 10% formalin. Prior to fixation, lungs were
inflated with PBS via the trachea to maintain lung architecture. After fixation, organs were
embedded in paraffin, and 5 um sections were obtained for histopathology. Sections were
stained with hematoxylin and eosin to evaluate cellular infiltration. To quantify cellular
inflammation in the lungs, slides were examined in a blinded fashion to determine a
pathology index as previous described (Procario et al., 2012).

Sectioning and staining were performed by the Michigan Medicine Rogel Cancer Tissue and
Molecular Pathology Shared Resource. Digital images were obtained with an EC3 digital
imaging system (Leica Microsystems) using Leica Acquisition Software (Leica
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Microsystems). Any adjustments to brightness and contrast in digital images were applied
equally to all experimental and control images.

Statistics

Statistical analysis was performed using Prism 7 (GraphPad Software, Inc.). Viral loads
were log-transformed for statistical analysis. Differences between two groups at a single
time point were analyzed using the Mann-Whitney rank sum test. Differences between
groups at multiple time points were analyzed using two-way analysis of variance (ANOVA)
followed by Bonferroni’s multiple comparison tests. £Pvalues of <0.05 were considered
statistically significant.

4. Discussion

CD8 T cell responses have the potential to limit viral replication and facilitate viral
clearance as acute infection resolves, but CD8 T cell effector mechanisms that are
responsible for those functions are also likely to contribute to pathology. CD8 T cells are
essential for efficient control of viral replication in the lungs during the resolution of acute
MAV-1 respiratory infection, although they are not sufficient to completely clear MAV-1, a
persistent virus. CD8 T cells also contribute to aspects of immunopathology including virus-
induced weight loss and the production of proinflammatory cytokines in the airways
(Molloy et al., 2017). The effects of CD8 T cells on MAV-1 clearance from the lungs are not
dependent on IFN-vy, Pfn, or Fas, and effects on virus-induced inflammation are only
partially related to Fas (Adkins et al., 2018; Molloy et al., 2017). In this study, we tested the
hypothesis that TNF, a different effector mechanism involved in CD8 T cell function,
inhibits MAV-1 replication and contributes to virus-induced inflammation in the lungs
during acute MAV-1 respiratory infection. Although TNF inhibited MAV-1 replication /in
vitro, we found that TNF deficiency had minimal effect on MAV-1 pathogenesis /n vivo.

TNF inhibits replication of a diverse group of viruses, with examples including Kaposi’s
sarcoma-associated herpesvirus (Park et al., 2019), varicella-zoster virus (Como et al.,
2018), hepatitis C virus (Laidlaw et al., 2017; Lee et al., 2015; Wang et al., 2016), hepatitis
B virus (Biermer et al., 2003; Park et al., 2016; Phillips et al., 2010; Puro and Schneider,
2007), porcine reproductive and respiratory syndrome virus (Li et al., 2016), vesicular
stomatitis virus, encephalomyocarditis virus, herpes simplex virus (Mestan et al., 1986), and
influenza (DeBerge et al., 2013). The effect of TNF on viral replication is not universal,
though. For instance, TNF has no effect on dengue virus replication in monocyte-derived
macrophages, and infection leads to TNF unresponsiveness (Wati et al., 2007). Our data
indicate that TNF inhibits MAV-1 replication /n vitro. 1t therefore seems unlikely that
MAV-1 encodes a protein that interferes with TNF signaling in a manner similar to HAdV
early region 3 (E3) 10.4K/14.5K complex-mediated downregulation of tumor necrosis factor
receptor 1 (Chin and Horwitz, 2005, 2006; Friedman and Horwitz, 2002). Indeed, there are
substantial differences between HAdV and MAV-1 E3 regions (Beard et al., 1990;
Raviprakash et al., 1989).

In vivo, HAdV-based vector transgene delivery is increased and clearance of HAdV-based
vectors is delayed in mouse models of TNF deficiency or blockade (Abougergi et al., 2005;
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Benihoud et al., 2007; Kafrouni et al., 2003; Minter et al., 2000). Although CD8 T cell
deficiency has a similar effect on MAV-1 clearance from the lungs, our results indicate that
TNF deficiency or immunoneutralization did not impair control of MAV-1 replication or
clearance of virus from lungs or other organs. Likewise, isolated deficiency of IFN-y Pfn, or
Fas did not affect MAV-1 replication or clearance (McCarthy et al., 2015b; Molloy et al.,
2017). These results are similar to findings in other models. For instance, both CD4 and
CD8 T cells contribute to the clearance of pneumonia virus of mice replication and
immunopathology (Frey et al., 2008), Similar to our findings with MAV-1, those effects are
independent of IFN-y, perforin, and TNF. Overlapping function and redundancy of multiple
CD8 T cell effector mechanisms, which have been demonstrated for other viruses, including
influenza (Topham et al., 1997) and murine gammaherpesvirus 68 (Tsai et al., 2011), are
likely to maintain effective control of MAV-1 replication in the absence of TNF. It is
possible that the anti-TNF antibody that we used /n vivo did not completely neutralize TNF
function. However, biologically relevant effects have been observed in other studies using
both lower and higher doses of the antibody (Brasseit et al., 2016; Gopinath et al., 2014). In
addition, the statistically significant effect of immunoneutralization on virus-induced weight
loss was similar to the effect of TNF deficiency, providing evidence for TNF neutralization.

CD8 T cells exert a proinflammatory effect during acute MAV-1 respiratory infection
(Molloy et al., 2017), similar to effects in mouse models of infection with RSV and
influenza infection (DeBerge et al., 2013; Hussell et al., 2001; Peper and Van Campen,
1995; Xu et al., 2004). Fas/FasL interactions contribute to CD8 T cell-mediated airway
inflammation during MAV-1 infection (Adkins et al., 2018). TNF serves as a
proinflammatory mediator in mouse models of respiratory infection with RSV and influenza
(DeBerge et al., 2013; Hussell et al., 2001; Peper and Van Campen, 1995; Xu et al., 2004).
In this study, TNF deficiency decreased histological evidence of pulmonary inflammation,
although we did not detect significant decreases in cytokine and chemokine concentrations
in the airways. Effects of TNF deficiency on host factors not measured in our study are
likely to have contributed to decreased recruitment of inflammatory cells to lungs of TNF~/~
mice infected with MAV-1.

TNF is a proinflammatory cytokine, but it also exerts an immunoregulatory influence by
promoting contraction of CD8 T cell effector functions as acute viral infection resolves
(reviewed in Wortzman et al., 2013). We did not evaluate virus-specific CD8 T cell function
in this study. However, the absence of such a regulatory effect on CD8 T cell function in
TNF~~ mice infected with MAV-1 may have mitigated any loss of direct antiviral and
proinflammatory effects mediated by TNF. Crosstalk between TNF and the
immunoregulatory cytokine IL-10 has been described, with TNF immunoneutralization or
blockade enhancing IL-10 responses (Evans et al., 2014; Roberts et al., 2017; Sato et al.,
2003). We detected increased concentrations of 1L-10 in BALF of infected TNF~/~ mice
compared to B6 controls, consistent with those effects. This differs from our previous
findings in CD8 T cell-deficient mice, in which BALF IL-10 concentrations were lower in
the absence of CD8 T cells (Molloy et al., 2017). It is plausible that increased IL-10
production in TNF~~ mice briefly decreased the magnitude of MAV-1-induced weight loss
and histological evidence of pulmonary inflammation at 7 dpi. However, our data indicate
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that effects of TNF, either direct or indirect, are not essential for weight loss induced by
MAV-1.

In summary, the results of this study indicate that TNF is capable of inhibiting MAV-1
replication /in vitro, but the antiviral activity of TNF is not essential for control of MAV-1
replication or clearance of MAV-1 in infected mice. TNF makes contributions to disease in
MAV-1-infected mice, including initial weight loss and histological evidence of pulmonary
inflammation. However, many of the proinflammatory effects of CD8 T cells that are
detected during acute MAV-1 respiratory infection, including the production of
proinflammatory cytokines and chemokines in the airways (Molloy et al., 2017), remain
intact in the absence of TNF. These results are similar to our findings in studies using
MAV-1 infection of mice deficient in IFN-y, Pfn, and Fas (Adkins et al., 2018; Molloy et al.,
2017), in which isolated deficiency of a single host factor does not fully recapitulate the
effects of CD8 T cell deficiency or depletion. It is therefore likely that the functional
redundancy of multiple CD8 T cell effector mechanisms that has been reported in models
using other viruses, such as influenza (Topham et al., 1997) and murine gammaherpesvirus
68 (Tsai et al., 2011), provides multiple layers of overlapping activity during acute MAV-1
respiratory infection.
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Research Highlights
TNF inhibits MAV-1 replication in vitro.

TNF deficiency does not impair control of MAV-1 replication in the lungs.

TNF deficiency delays virus-induced weight loss.
TNF reduces histological evidence of pulmonary inflammation.

TNF deficiency does not affect proinflammatory cytokine production in
airways.
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Figure 1. Effects of TNF on MAV-1 replication in vitro.
(A) Mouse 3T12 fibroblasts were infected (MOI=1) with MAV 1.pIXeGFP, a recombinant

GFP-expressing MAV-1, in the presence of the indicated concentrations of TNF or vehicle
control (PBS). Accumulating fluorescence expressed as relative fluorescence units (RFU)
was used as an indicator of viral replication (mean + S.E.M., n=6 per condition combined
from two identical experiments). The bottom horizontal dashed line represents background
fluorescence in wells with uninfected cells. Statistical comparisons were made using two-
way ANOVA followed by Bonferroni’s multiple comparison tests; */<0.05 and ***/<0.001
compared to vehicle at a given time point. (B) Mouse 3T12 fibroblasts were infected with
MAV-1 (MOI=1) in the presence of the indicated concentrations of TNF or vehicle control.
RT-qPCR was used to quantify MAV-1 TPL mRNA levels at 72 hpi. Data are shown in
arbitrary units standardized to GAPDH (mean £ S.E.M., n=6 per condition combined from
two identical experiments). Statistical comparisons were made using one-way ANOVA
followed by Kruskal-Wallis tests; ***/£<0.001 compared to vehicle. (C) Mouse 3T12
fibroblasts were infected with MAV-1 (MOI=1) or mock-infected with conditioned media in
the presence of the indicated concentrations of TNF or vehicle control. Cytotoxicity was
assessed at 48 hpi using a luminescent cell viability assay. Data are expressed as the
percentage of signal in wells with uninfected, untreated cells (mean £+ S.E.M., n=9 per
condition combined from three identical experiments). Statistical comparisons were made
using two-way ANOVA followed by Bonferroni’s multiple comparison tests; */<0.05 and
**P<0.01 comparing mock to infected at a given concentration. There were no statistically
significant differences between concentrations within a condition (mock or infected).
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Figure 2. Effects of TNF deficiency on MAV-1-induced weight loss and viral replication in vivo.
B6 and TNF~/~ mice were infected intranasally with MAV-1. (A) Body weights were

measured at the indicated time points. Body weights are expressed as the percentage of
starting weight (mean + S.E.M.; n=6-12 mice per group; data are combined from two
independent experiments). (B-D) gPCR was used to quantify MAV-1 genome copies in
organs at the indicated time points. DNA viral loads are expressed as copies of MAV-1
genome per 100 ng of input DNA. (E-G) RT-qPCR was used to quantify MAV-1 TPL
MRNA levels in organs. In B-G, data are shown in arbitrary units standardized to GAPDH.
Individual circles represent values for individual mice, and horizontal bars represent
geometric means (B-D) or means (E-G) for each group (n=5-6 mice per group; data are
combined from two independent experiments). Statistical comparisons were made using
two-way ANOVA followed by Bonferroni’s multiple comparison tests. */<0.05
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Figure 3. Effects of TNF deficiency on MAV-1-induced pulmonary inflammation.
B6 and TNF~/~ mice were infected intranasally with MAV-1. Lungs were harvested at the

indicated time points and hematoxylin-and-eosin-stained sections were prepared from
paraffin-embedded specimens. (A) Representative images are shown from infected B6 and
TNF~'~ mice. Scale bars, 100 pm. (B) Pathology index scores were generated to quantify
cellular inflammation in the lungs of mock-infected and infected mice. (C—H) ELISA was
used to quantify concentrations of the indicated cytokines and chemokines in BALF. For B—
H, individual circles represent values for individual mice, and horizontal bars represent
means for each group. n=5-6 mice per group combined from two independent experiments
at each time point. Statistical comparisons were made using two-way ANOVA followed by
Bonferroni’s multiple comparison tests. */<0.05.
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Figure 4. Effects of TNF immunoneutralization on MAV-1 replication and virus-induced
pulmonary inflammation.

Following intranasal infection with MAV-1, B6 mice were treated with anti-TNF antibody.
Infected control mice received a nonspecific 1gG control antibody. Lungs and BALF were
harvested at 7 dpi. (A) Body weights were measured at the indicated time points. Body
weights are expressed as the percentage of starting weight (mean + S.E.M.; n=8-11 mice per
group, except n=3 for mock-infected controls; data are combined from three independent
experiments). (B) gPCR was used to quantify MAV-1 genome copies in lungs. DNA viral
loads are expressed as copies of MAV-1 genome per 100 ng of input DNA. (C) RT-gPCR
was used to quantify MAV-1 TPL mRNA levels in lungs. In B-G, data are shown in
arbitrary units standardized to GAPDH. (D-I) ELISA was used to quantify concentrations of
the indicated cytokines and chemokines in BALF. In B—I, individual circles represent values
for individual mice, and horizontal bars represent means (or geometric mean in B) for each
group. n=5-11 per group combined from three independent experiments. In A, statistical
comparisons were made using two-way ANOVA followed by Bonferroni’s multiple
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comparison tests. In B-I, statistical comparisons were made using Mann-Whitney test.
*pP<0.05 and ***F<0.001
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