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Materials and Methods
Mice

Mice were bred and housed at the University of North Carolina at Chapel Hill in
accordance with the policies and guidelines of the Institutional Animal Care and Use
Committee. C57BL/6 mice were purchased from the Jackson Laboratory. [fnarl™ mice
(36) backcrossed to C57BL/6 for more than 10 generations were provided by J. Sprent of
the Scripps Research Institute. Ifingrl”™ mice (37), also backcrossed to C57BL/6 for more
than 10 generations, were purchased from The Jackson Laboratory. Ifnarl ’/'Ifngr] ”
(DKO) mice were a cross between the Ifinar!” and Ifngrl”™ mice and provided by J.L.
Whitton of the Scripps Research Institute (38). Mavs™ (Sti”") mice (39) were provided by
M. Gale Jr. of the University of Washington; Trif” (Trif**?) mice (40) were originally
from the Jackson Laboratory and provided by R. Baric of the University of North
Carolina at Chapel Hill. Irf3” (Irf3""Bcl21127) (41, 42) and Irf7”" (43) mice were
provided by T. Taniguchi of the University of Tokyo, and obtained directly from M.
Diamond, Washington University. Irf3” Irf7" (Irf3” Irf7"Bcl2112”"") mice were a cross
between /3" and Irf7” mice (44) and also obtained from M. Diamond. Rag/™ mice
were originally from the Jackson Laboratory and kindly provided by M. Su of the
University of North Carolina at Chapel Hill. NSG mice were purchased from the Jackson
Laboratory. All mice except for NSG were on a C57BL/6 background.

HAYV infectious challenge

Mice were intravenously inoculated with the indicated virus inocula at 6-10 weeks
of age. Mice were housed in individual cages for collection of fecal pellets with periodic
collection of serum samples. Tissues were harvested at necropsy and stored in RNAlater
(Thermo Fisher Scientific, Maltham, MA), snap frozen on dry ice and kept at -80 °C, or
fixed in 10% neutral phosphate-buffered formalin for 48 hrs and stored in 70% ethanol
until processed for histology. All experiments involving mice were approved by the
Institutional Animal Care and Use Committee of the University of North Carolina at
Chapel Hill.

Hepatitis A virus (HAV)

All experiments were with the HM175 strain of human HAV (45). For the first
mouse passage of HAV, DKO mice were inoculated i.v. with an extract of feces from an
experimentally-infected chimpanzee (4x0293) (4). For successive passages, mice were
inoculated i.v. with extracts of fecal pellets from infected mice (collected at the peak of
virus shedding) or homogenates of infected liver. Briefly, fecal pellets were homogenized
in phosphate-buffered saline (PBS) and clarified by centrifugation at 10,000 x g for 5
min. The supernatant fluid was mixed with an equal volume of chloroform, shaken for 5
min, then centrifuged at 18,000 x g for 5 min. The aqueous phase was removed, placed in
a polystyrene cell culture flask at room temperature for 5 min, and aliquots stored at -80
°C. Liver was homogenized in PBS followed by centrifugation at 10,000 x g for 5 min.
Supernatant fluids were stored in aliquots at -80 °C. The abundance of HAV RNA
(genome equivalent, GE) in fecal and liver inocula was quantified by real-time RT-qPCR.
Except where otherwise indicated (mouse passages 1-5), mice were inoculated i.v. with
4™ or 5™ passage liver extracts from infected DKO or Mavs” mice containing ~10** GE
HAV RNA.




Alanine aminotransferase
Serum alanine aminotransferase (ALT) activity was measured using the
MaxDiscovery ALT Color Endpoint Assay (Bioo Scientific, Austin, TX).

Quantitative RT-gPCR

RNA was extracted from serum and fecal samples using the QlaAmp Viral RNA
Isolation Kit (Qiagen, Valencia, CA). RNA was isolated from tissues using TRIzol
reagent (Invitrogen Life Technologies, Carlsbad, CA) according to the manufacturer’s
suggested protocol. RNA concentration was measured using a NanoDrop (Thermo
Scientific, Wilmington, DE). HAV RNA abundance was quantified by RT-qPCR using
iScript One Step RT-qPCR Kit for Probes and the iTaq Universal Probes One-Step Kit
(Bio-Rad, Hercules, CA) with a CFX96 Real-Time PCR Detection System (Bio-Rad).
HAV RNA levels were determined by reference to a standard curve generated with
synthetic HAV RNA. Primers targeted sequences in the 5’ untranslated RNA segment of
the genome: 5’- GGTAGGCTACGGGTGAAAC-3’and 5’-AACAACTCACCAATA
TCCGC-3’ (4). The FAM/TAMRA probe was 5’-CTTAGGCTAATACTTCTATGA
AGAGATGC-3’. For quantitation of ISG, cytokine and inflammasome component
mRNAs, DNA contamination in tissue RNA extracts was removed using RNase-Free
DNase Set (Qiagen). cDNA synthesis was carried out with SurperScript III First-strand
Synthesis SuperMix for RT-qPCR Kit (Invitrogen). Probe sets were from TagMan Gene
Expression Assays (Thermo Fisher Scientific); Isg20 (MmO00469585 ml); Isgl5
(MmO01705338 sl); Ifit] (Isg56) MmO00515153 m1l); Ifit2 (Isg54) (Mm00492608 ml);
Cxcl0 (IP10) (Mm00445235 ml); Ifnbl (MmO00439546 sl); Ifng (MmO00801778 m1l);
Inf (TNFa) (Mm00443258 ml); 7I-2 (Mm00439860 m1l); 7/-21 (Mm00517640 m1);
Ccl5 (RANTES) (MmO01302427 ml); Mipl-o. (Mm00441258 ml); Pmaipl (Noxa)
(MmO00451763 ml); and, Actb (f-actin) (Mm00607939 s1). Amplifications were carried
out with TagMan Universal PCR Master Mix. qPCR assay for //15, Nlrp3, Caspasel and
Pycard were carried out with the SYBR green iTaq Universal SYBR Green Supermix
(Bio-Rad). Primers were provided by H. Wen (University of North Carolina at Chapel
Hill) (46).

Histopathology and in situ hybridization (ISH)

Formalin-fixed paraffin-embedded (FFPE) livers were sectioned at 4 um thickness
for histopathology, in situ hybridization and immunohistochemistry. Sections were
stained with hematoxylin and eosin (H&E) and examined for histological changes by
light microscopy. /n situ hybridization for detection of HAV RNA was carried out using
the QuantiGene ViewRNA FFPE Assay (Affymetrix, Santa Clara, CA). The HAV probe
set was designed to target the VP1/VP3 region of HM175/p16 (GenBank Accession
KP879217.1). Additional probe sets targeted murine Ccl5 (NM_013653, VB6-14424)
and albumin (NM_ 009654, VB6-12839) (Affymetrix). Slides were processed following
the QuantiGene protocol. Images were acquired using a Leica SP2 laser-scanning spectral
confocal microscope (Leica Microsystems, Buffalo Grove, IL). The percentage of cells
infected with HAV was quantified from recorded confocal microscopy images using
MetaMorph software (Molecular Devices, Sunnyvale, CA). Cell boundaries were
estimated by drawing watershed lines between nuclei. Infected cells were defined as
those containing signal above a background threshold that was set based upon images of
liver tissue from HAV-naive mice that were hybridized with the HAV-specific probe set.
For dual detection of HAV RNA and cleaved caspase 3, sections were blocked in 10%




goat serum in PBS for 1 hr after completion of in situ hybridization, then incubated with
antibody to cleaved caspase 3 (96618S, Cell Signaling, Danvers, MA) at a dilution of
1:100 with 1% bovine serum albumin (BSA) in PBS for 2 hrs at room temperature. Anti-
rabbit [gG-488 (Life Technologies, Carlsbad, CA) in 1% BSA-PBS was applied at a
dilution of 1:300 for 1 hr at room temperature. Images were acquired using a Nikon
Eclipse-Ti inverted microscope (Nikon Instruments Inc, Melville, NY).

Immunohistochemistry

Cleaved caspase 3 staining was accomplished using Dako Autostainer (Dako,
Carpinteria, CA). Tissue sections were de-paraffinized and rehydrated prior to antigen
retrieval in a Pascal presser cooker (Dako) for 30 sec at 123 °C with 18 Ibs pressure in
Tris-EDTA buffer (10 mM Tris base, 1 mM EDTA, 0.05% Tween 20, pH 9.0). Slides
were cooled and rinsed with PBS, then treated sequentially with endogenous peroxidase
blocker and universal block prior to incubation for 2 hr at room temperature with
antibody to cleaved caspase 3 (96618S, Cell Signaling) diluted 1:100, and 30 min at room
temperature with ImmPress HRP Rabbit IgG Polymer (Vector, Burlingame, CA). Slides
were developed with DAB (3,3'-diaminobenzidine), counterstained with Meyer’s
hematoxylin, dehydrated, and mounted in mounting media. Two-color
immunohistochemistry for detection of CD8 and CD4 was carried out by the Animal
Histopathology Core Facility of the Lineberger Comprehensive Cancer Center of the
University of North Carolina at Chapel Hill using a Discovery Ultra Automated IHC
staining system (Ventana, Tucson, USA). Tissue sections were de-paraffinized and
rehydrated prior to antigen retrieval using Cell Conditioning 1 Solution (CC1) (Ventana)
for 64 min at 90°C and incubation with a protein block for 1 hr at room temperature. The
slides were given a hydrogen peroxide block for 8 min at room temperature and then
incubated in anti-mouse CD8a (14-0808, 1:100, eBioscience, San Diego, CA) diluted in
Discovery PSS Diluent (Ventana) at 1:100 for 1h at room temperature, followed by
OmniMap anti-rat [gG-HRP (760-4457, Ventana) for 32 min at room temperature. The
slides were treated with DAB and subjected to antibody denaturation at 95°C for 8
minutes to prepare for CD4 staining. Additional antigen retrieval was carried out using
CC1 for 24 minutes at 100°C followed by a protein block for 1 h at room temperature.
The slides were given a hydrogen peroxide block for 8 min at room temperature followed
by incubation with anti-mouse CD4 antibody (14-9766, eBioscience) diluted in
Discovery Ab Diluent (Ventana) at 1:20 for 4 hrs at room temperature, and anti-rat [gG-
HRP (Dako) at a 1:100 dilution for 1 hr at room temperature. The slides were treated with
Discovery Purple (Ventana) for 100 min, and counterstained with Hematoxylin II for 12
min and then Bluing Reagent (Ventana) for 4 min.

Terminal deoxynucleotidyl transferase dUTP nick-labeling (TUNEL)

FFPE liver sections were de-paraffinzed, rehydrated and incubated with protease QF
solution provided with the Affymetrix QuantiGene ViewRNA FFPE Assay at 37 °C for
20 min. Terminal deoxynucleotidyl transferase mediated dUTP nick end labeling
(TUNEL) was carried out using the /n situ Cell Death Detection Kit (Roche, Basel,
Schweiz). Images were acquired using a Nikon Eclipse-Ti inverted microscope (Nikon
Instruments, Inc).




Anti-HAV IgG ELISA

Serum anti-HAV IgG was quantified with a modification of a previously described
HAYV capsid antigen ELISA (8). HM175/18f HAV (47) produced in cell culture was
inactivated by UV irradiation and captured by human convalescent antibody (JC plasma)
coated on a 96-well polystyrene plate. Three-fold serial dilutions of mouse serum
samples starting at a 1:33 dilution were incubated in the wells of the plate at room
temperature for 1 hr, followed by incubation with horseradish peroxidase-conjugated
goat-anti-mouse antibody (Southern Biotech, Birmingham, AL) at room temperature for
1 h. Following the addition of substrate (3,3°,5,5’-tetramethylbenzidine), OD4so was
determined using a Synergy 2 (BioTek, Winooski, VT) microplate reader. Anti-HAV
capsid monoclonal antibody K24F2 (Commonwealth Serum Laboratories, Victoria,
Australia) was included in assays as a positive control.

Neutralizing antibody assay

Cell culture-derived HM175/18f virus (47) (7.2 x 10* GE/50 pul) was mixed with an
equal volume of heat-inactivated serum diluted in PBS at 1:10 or more, then incubated at
37 °C for 1 hr. Human convalescent antibody (JC plasma) and anti-HAV monoclonal
antibody K24F2 (Commonwealth Serum Laboratories, Victoria, Australia) were included
as positive controls. The virus-serum mixture was inoculated onto Huh-7.5 or FRhK-4
cell monolayers in 12-well plates and allowed to adsorb for 2 hrs at 36 °C prior to the
addition of medium containing 1% methyl cellulose and 2% FBS. Following 8-11 days
incubation at 36 °C in a 5% CO; atmosphere, cells were fixed with 4% PFA then
processed subsequently for infrared fluorescent immunofocus assay (IR-FIFA) (48). The
cell sheet was permeabilized with 0.25% Triton X-100, blocked with 10% normal goat
serum in PBS, and incubated with K24F2 diluted 1:600 in 3% BSA in PBS overnight at 4
°C. The cells were washed with PBS and incubated for 1 hr at room temperature with
IRDye 680LT anti-mouse (1 pg/ml, LI-COR Bioscience, Lincoln, NE) in 3% BSA-PBS
prior to visualization of replication foci by scanning with an Odyssey infrared imaging
system (LI-COR Bioscience).

Immunoblots

Frozen mouse liver samples were homogenized in the presence of lysis buffer (20%
w/v, Tissue Extraction Reagent, Invitrogen) containing protease inhibitors (Sigma-
Aldrich), 1 mM Na3;VO,, and 50 mM NaF, clarified by centrifugation twice at 16,000 x g
for 30 min at 4 °C, and stored at -80 °C. The samples were subjected to SDS-PAGE and
immunoblotting using standard methods. Blots were blocked with Odyssey blocking
buffer (LI-COR Bioscience) and probed with the following primary antibodies: IRF3 (sc-
9082 1:200, Santa Cruz Biotech, Dallas, TX), pIRF3 (4947 1:200, Cell Signaling), ISG15
(sc-50366 1:200, Santa Cruz Biotech), Bax (2772S 1:1000, Cell Signaling), NF-kB p65
(82428 1:1000, Cell Signaling) and phospho-p65 (3033S 1:1000, Cell Signaling), cleaved
caspase 3 (9661S 1:1000, Cell Signaling), cleaved caspase 8 (9429S 1:1000, Cell
Signaling), cleaved caspase 9 (9509S 1:1000, Cell Signaling) and pB-actin (AC-74
1:10000, Sigma). Infrared conjugated secondary antibodies (LI-COR Bioscience) were
used to visualize protein bands with an Odyssey infrared imaging system (LI-COR
Bioscience). Extracts of AML12 cells, a mouse hepatocyte cell line (ATCC CRL2254),
treated with 4 pg/ml actinomycin D (Sigma-Aldrich, St. Louis, MO) and 100 ng/ml
recombinant mouse TNF-a (Sigma-Aldrich) or DMSO for 6 h, served as controls for



caspase immunoblots. AML12 cells were treated with 100 ng/ml of TNF-a for 30 min for
use as a control for p65 immunoblots.

Caspase activity

Caspase 3/7, 8 and 9 activities were measured in liver tissue extracts using the
Caspase-Glo 3/7, 8 and 9 kits (Promega, Madison, WI) (49). Frozen liver was
homogenized in a hypotonic extraction buffer (25mM HEPES, pH7.5, 5 mM MgCl, and
1 mM EGTA) containing protease inhibitors (Sigma-Aldrich), and centrifuged at 16,000
x g for 30 min at 4 °C and stored at -80 °C. Equal volumes of reagents and 10 pg/ml
cytosolic protein was added to a white-walled 96-well plate and incubated at room
temperature for 1 h. Luminescence was measured using a Synergy 2 microplate reader
(BioTek) (50).

Cytokine assay

Serum cytokines were quantified using Verkine-HS Mouse IFN-3 ELISA (PBL
Assay Science, Piscataway, NJ), and IFN-y, TNF-a, IL-6 and IL-1f Platinum ELISA
(eBioscience) assays: limits of detection were IFN-y (26.5 pg/ml), TNF-a. (7.4 pg/ml),
IL-6 (15 pg/ml) and IL-1f (7.8 pg/ml). Cytokine levels were quantified in liver
homogenates prepared as described above for immunoblotting using a Luminex Bead-
based Multiplex Assay targeting IFN-y, TNF-a, IL-18, IL-2, IL-4, IL-5, IL-6, CCL3,
CCL4, CCLS5 (RANTES), CXCL9, and CXCL10 (R&D Systems, Minneapolis, MN).

Enumeration of intrahepatic immune cells

Following removal of the left lobe of the liver for RNA assays, the remaining liver
was perfused in situ with 10 ml PBS. The excised and disrupted liver was then digested
in RPMI 1640 media containing ImM CaCl,, ImM MgCl, and 100 U/ml type IV
collagenase (Gibco/Thermo scientific, Waltham, MA) at 37 °C for 30 min, and cells were
passed through a 100-pum cell strainer. After centrifugation at 500 x g for 10 min at 4 °C,
cells were washed twice with cold RPMI containing 1% FBS, then resuspended in 37.5%
Percoll (GE Healthcare Life Sciences, Pittsburgh, PA) and re-centrifuged at 500 x g for
15 min at room temperature. After hemolysis in ACK (ammonium-chloride-potassium)
buffer, cells were washed with FACS buffer (PBS, 1% BSA and 0.2% NaN3) and stained
with antibodies against NK1.1 (PK136), CD3 (17A2), CD4 (RM4-5), CD8 (53-6.7), TCR
v/6 (GL3), CD11b (M1/70) and F480 (BMS) (all from BioLegend, San Diego, CA). Cell
staining was analyzed by four-color flow cytometry using a FACSCalibur (BD
Biosciences, San Jose, CA) and analyzed using FlowJo software (FLOWJO, Ashland,
OR).

Ex vivo peptide stimulation of T cells

Splenic lymphocytes were isolated from HAV-infected mice and stimulated with 5
peptide pools comprising in aggregate 222 peptides, each 20 amino acids in length and
spanning the entire wild-type HM175 virus polyprotein sequence with 10 amino acid
overlap (57). Cells were isolated and resuspended in media (RPMI and 10% FBS),
followed by the addition of GolgiPlug (BD Biosciences, San Jose, CA), then incubated in
the presence or absence of 1 pg/ml peptide pools at 37 °C for 5 hr. At the end of
incubation, cells were washed with FACS buffer and stained with antibodies recognizing
cell surface markers. Cells were then washed with FACS buffer, fixed (Fixation buffer,
BioLegend), permeabilized using Permeabilization/Wash buffer (BioLegend) and stained




for intracellular IFNy (BioLegend, XMG1.2) prior to analysis on a FACSCalibur (BD
Biosciences) cytometer and FlowJo software (FLOWJO).

NK/NKT, CD4" and CD8" T cell depletion

Depletion of NK/NKT cells in Ifinarl” mice was accomplished by intraperitoneal
administration of 3 doses of 75 ng NK1.1-PK 136 antibody (BioXCell, West Lebanon,
NH) 3 and 2 days prior to, and then again 7 days after i.v. virus challenge. Control mice
were administrated three doses of 75 pg rat [gG2a isotype control on the same schedule.
To deplete CD4" or CD8" T cells, mice were administrated two doses of 250 pg GK1.5
(anti-CD4) (BioXCell) or/and Lyt2-2.43 (anti-CD8) (BioXCell) antibody 3 and 1 days
prior to i.v. inoculation of virus. Control mice were given two doses of 250ug rat [gG2b
isotype control antibody on the same schedule. To confirm cell type-specific depletion,
spleen cells were isolated and stained for cell markers as described above.

Macrophage depletion

Ifnarl”” mice were depleted of macrophages by intravenous injection of 200 pl
clodronate liposomes (ClodLip BV, Amsterdam) 1 day prior to and again 3 days
following HAV challenge. Control animals were similarly inoculated with an equal
volume of PBS liposomes. To confirm macrophage depletion, cells were isolated from
the liver and spleen of similarly treated wild-type C57BL/6 mice and stained for
macrophage markers F4/80 and CD11b.

In vitro MAVS cleavage assay

Embryonic fibroblasts (MEFs) from Mavs” mice were provided by M. Gale, Jr of
the University of Washington. The MAVS coding sequence from pcDNA3.1-muMAVS-
V5 (13) was cloned into HindlII-BamHI linearized pEGFP-C1 (Clontech, Mountain
View, CA). Expression vectors for GFP-tagged human MAVS, HAV 3ABC protease,
with or without a C172A active-site substitution as well as the corresponding empty
construct-pCMV-HA have been described previously (/3,52). Transfections were carried
out with Fugene HD (Promega, Madison, WI) according to the manufacturer’s protocol.
Cells were lysed 48 hr post-transfection for immunoblotting as described (/3). Primary
antibodies were polyclonal anti-rodent MAVS (4983 1:1000, Cell Signaling), polyclonal
anti-human MAVS (AT107 1:2000, Enzo Life Sciences, Farmingdale, NY'), monoclonal
anti-HA (3724 1:5000, Cell Signaling) and anti-B-actin (AC-74 1:1000, Sigma). Infrared
conjugated secondary antibodies (LI-COR Bioscience) were used for development.
Protein bands were visualized with an Odyssey infrared imaging system (LI-COR
Bioscience).

HAYV nucleotide sequence

RNA isolated from murine feces or liver as described above was reverse-transcribed
into cDNA using the SurperScript III First-Strand Synthesis System for RT-qPCR kit and
random primers (Invitrogen). Overlapping cDNA segments were amplified using primer
sets that span the HAV genome and subjected to automated DNA sequencing using
standard methods. Sequences were deposited in GenBank with the accession numbers:
KX343014, KX343015, KX343016, KX343017, and KX343018.

Isopycnic gradient ultracentrifugation
Liver homogenate was clarified by centrifugation at 10,000 x g for 30 min at 4°,
then loaded onto a preformed 8-40% iodixanol (Opti-prep, Sigma Aldrich) step gradient




in a 5 ml ultracentrifuge tube (Beckman Coulter, Indianapolis, IN) (8). After
centrifugation at 37,000 rpm in a Beckman SW55i rotor for 24 hr at 4°C in a Beckman
Optina LE-80K ultracentrifuge, 20 fractions were collected from the top of the gradient
and the HAV RNA content of each determined by RT-qPCR. The density of gradient
fractions was determined by refractometry.

Statistical analysis

Statistical tests were carried out using Prism 6 for Mac OS X software (GraphPad
Software, La Jolla, CA). Unless otherwise noted, comparisons between groups used the
non-parametric Mann-Whitney test, or one-way or two-way ANOVA.
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Fig. S1. Murine MAVS and TRIF orthologs as potential targets of HAV-encoded
proteases. (A) Partial alignments of human (top) MAVS and (bottom) TRIF protein
sequences with their murine orthologs. Arrowheads denote sites at which the HAV 3ABC
proteinase cleaves human MAVS and HAV 3CD proteinase cleaves human TRIF
(TICAM-1) (13,14). (B) In vivo MAVS cleavage assays. Murine Mavs™” embryonic
fibroblasts were co-transfected with vectors expressing GFP-tagged murine or human
MAVS (muMAVS and huMAVS, respectively) and HA-tagged HAV 3ABC proteinase,
with or without a C172A active-site substitution that eliminates its catalytic activity.
Cells were lysed and extracts subjected to immunoblotting with antibodies to huMAVS
and muMAYVS and the HA tag. MAVS cleavage (CL-MAVS) occurred only in cells
expressing human MAVS and catalytically active 3ABC. All samples were run on the
same gel; EV=empty vector; f-actin was included as a loading control.
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Fig. S2. Serial passage of HAV in Ifnarl” 'Ifngrl'/ "(DKO) and Ifnarl'/ “mice.

(A) HAV RNA detected by in situ hybridization (ISH): (left) fluorescence and bright
field images of infected DKO liver 37 d.p.i.; (right) control DKO mouse (bar = 25 um).
(B) Peak serum ALT during serial passage of virus. Note that passage 4 was terminated at
18 d.p.i (see Fig. 1C). ‘ptF’, chimpanzee fecal virus; ‘mF’ mouse fecal virus; ‘mL’,
mouse liver virus; ‘ULN’, upper limits normal. (C) H&E stained sections of liver from
(left) an HAV-infected Ifnarl “ mouse 161 d.p.i (ALT =101 IU/L) showing multiple
inflammatory foci with apoptotic or necrotic hepatocytes vs. (right) a wild-type B16
mouse that received the same 4™ passage DKO liver inoculum with normal liver
architecture and no inflammatory foci. Bar = 100 mp.
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Fig. S3. Antibody responses to HAV in infected DKO, Ifnarl” and Mavs™ mice.

(A) (left) Anti-HAYV response in DKO mice (3" passage); floating bars represent
maximum, median, and minimum ELISA titer. n=6. (right) Serum neutralizing antibody
activity pre- and 51 days post-infection in a DKO mouse (JC, human polyclonal anti-
HAV; K24F2, murine monoclonal anti-HAV antibody). Similar results were obtained
with serum from Ifnarl “ mice. (B) Anti-HAV measured by ELISA in sera from Ifnarl ”
vs. Mavs” mice. Data are mean + SD, n=4-5. ***p<0.001 by multiple t-test with false
discovery rate 1%.
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Fig. S4. Isopycnic density gradient centrifugation of HAV inocula. Preformed
iodixanol step gradients were loaded with inocula derived from (A) 3" passage DKO
feces or (B) 4™ passage DKO liver extract, and centrifuged to equilibrium as described
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(8). Fractions were collected from the top and assayed for HAV RNA by RT-PCR. Peak

density of fecal virus was ~1.28 g/cm’ (‘naked’ particles). Two HAV species were
present in the liver extract, banding at ~1.11 g/cm’ (membrane-associated) and 1.30

g/em’ (naked virions).
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Fig. S5. Fecal and hepatic HAV RNA following virus challenge of knockout mice.
(A) Intrahepatic HAV RNA at intervals after i.v. challenge of Ifnarl™, Mavs™”, Irf3™",
Irf7", Irf3 Irf77", Rag] ,NSG, and WT mice. Data are mean + ran;e or SEM, n=2-5.
(B) Fecal (7-28 d.p.i. ) and (C) hepatic HAV RNA (28 d.p.i.) in 77if” mice, with liver
from infected Ifnarl and Mavs” mice (14-15 d.p.i.) shown for comparison. Data are
mean + SEM, n=3. Horizontal lines indicate mean + 2 SD values from fecal extracts
[n=40] or liver tissue [n=10] from HAV-naive mice. (D) Confocal microscopic images
showing in situ hybridization for HAV RNA (red) and albumin mRNA (green) in liver
tissue from (top) an HAV-infected Mavs” mouse 15 d.p.i and (bottom) a control HAV-
naive Mavs” mouse. Panels on the left show red channel (HAV RNA) only. Tissues were
counterstained with DAPI to visualize nuclei. Bar = 40 um. (E) Higher magnification
view of HAV-infected Mavs™ tissue with in situ hybridization for HAV RNA (red) and

albumin mRNA (green) as in panel D. HAV RNA is present in the cytoplasm of
numerous hepatocytes near a central vein. Bar = 20 pm.
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Fig. S6. Hepatocellular apoptosis in HAV-infected Ifnarl'/ “mice. (A) TUNEL stain
(red) of (left) naive and infected Ifnarl  and (right) naive and infected Mavs™ mouse
liver, 15 d.p.i. ALT was 374 IU/ml in the infected Ifnar!”” mouse versus 37 [U/ml in the
infected Mavs” mouse. Bar = 50 pm. (B) Dual immunofluorescence assay for cleaved
caspase 3 (green) and ISH for HAV RNA (red). The arrow identifies a single cell with
cleaved caspase staining surrounded by hepatocytes containing HAV RNA in an Ifnarl™”
mouse (top). Infected Mavs™" liver (bottom) contains more HAV RNA, but shows no
apoptosis. Bar = 20 pm. (C) CaspaseGlo assays (Promega) for caspase 3/7, 8 and 9
activities in liver tissue from HAV-infected and uninfected DKO and Ifnar! “ mice 7
d.p.i. Data are mean + SD, n=4. *p<0.05, **p<0.01 naive vs. infected by t test. (D)
Cleaved caspase 3, 8, and 9 were not detected in immunoblots of extracts of infected
DKO mouse liver. Controls are extracts of actinomycin D/TNF-o-treated vs. sham-
treated murine AML12 cells. B-actin was a loading control. (E) Serum ALT in infected
Ifnarl”” and Mavs” mice over 56 days. Data are mean + SEM, n=3-5. ND = not

determined.



Fig. S7. HAV infection in Irf3”, Irf7” and Irf3” " Irf7" double-knockout mice. (A)
Serum ALT between 7 and 28 d.p.i. Data are mean + SEM, n=3-4. ‘ULN’=upper limit of
normal, (mean + 2 SD in n= 30 naive mice, 30.2 IU/L). (B) (left) Low power micrograph
of infected Irf3” Irf7" liver showing an absence of inflammatory foci 17 d.p.i. Bar = 80
um. (center and right) 40x views of infected (center) Ir/7” and (right) Irf3” Irf7" liver
showing solitary inflammatory lesions with apoptotic cells 17 d.p.i. Bar = 20pm.
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Fig. S8. Cytokine expression in HAV-infected mice. (A) Relative I[FN-f3, IFN-y and
TNF-a mRNA expression determined by RT-PCR in liver extracts from infected (top
panels) DKO (Ifnarl™ Ifngrl”, mean + SEM, n=5, mean ALT = 243.8 IU/L) and Mavs™
(mean + SEM, n=3, mean ALT 26.4 IU/L) mice versus HAV-naive mice (mean + SEM,
n=3). *p<0.05 by two-sided Mann-Whitney test. (B) Relative inflammasome-related
protein mRNASs in naive (mean + SEM, n=3) vs. HAV-infected DKO mice (mean +
SEM, n=5). *p<0.05 by two-sided Mann-Whitney test. (C) HAV RNA (red) and CCL5
mRNA (green) visualized by in situ hybridization in HAV-infected Ifnarl” and Mavs™
mice 15 d.p.i. CCL5 expression is prominent in hepatocytes. Nuclei are counterstained
with DAPI. Bar =20 pm. (D) Immunoblots of phospho-p65 and total p65 component of
NF-kB in livers of infected Ifnarl” versus Mavs” mice. Extracts of AML12 cells, treated
or not treated with TNF-a, were included as a positive control. (E) Innate immune
signaling with (left) potential mechanisms of IRF3/7-mediated apoptosis of hepatocytes
in HAV-infected Ifinarl” mice, and (right) virus-induced signaling blocked above IRF3/7
in infected Mavs™ mice.
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Fig. S9. Impact of CD4" or CD8" T cell depletion on acute HAV-induced liver
injury. Ifnarl”” mice were given 0.25 mg of GK1.5 (CD4), Lyt2/2.43 (CDS), or isotype
control antibody i.p. twice, 4 and 1 day prior to i.v. HAV challenge. (A) Sample flow
cytometry data plots and (B) summary of flow cytometry data showing numbers of CD8"
and CD4" T cells in the spleens of mice 7 d.p.i. (data are mean + SEM, n=3 in each
treatment group) (C) Fecal HAV shedding 7 d.p.i. (data are mean = SEM, n=3). (D) H&E
stained sections of HAV-infected liver from representative (left) isotype IgG control,
(center) anti-CD4, and (right) anti-CD8 antibody-treated mice, demonstrating equivalent
degrees of inflammation and hepatocellular apoptosis. Liver tissues from depleted and
nondepleted mice indistinguishable when examined blindly. Bar = 20 pm.
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Fig. S10. Virus-specific CD4" and CD8" T cell response in HAV-infected mice. Cells
were harvested from spleens of HAV-infected Ifnarl” mice (n=3) 7 and (n=2) 63 d.p.i,
and Mavs” mice (n=2) 63 d.p.i. and stimulated ex vivo by incubation with (A) 5 peptide
pools (numbered 1-5), containing in aggregate 222 peptides (each 20 amino acids in
length, overlapping by 10 amino acids) spanning the entire wild-type HM175 virus
polyprotein sequence (57). Controls included: (+) stimulation with phorbol myristic acid
(PMA) and ionomycin, and (—) incubation with no peptide. Peptide-stimulated (B) CD4"
and (C) CDS" T cells with positive intracellular staining for IFNy were enumerated by
flow cytometry. Data are mean + SEM, n as above. *p<0.05, **p<0.01, ***p<0.001
versus naive mice (n=3, 2 Ifnarl” and 1 Mavs™) by 2-way ANOVA with Dunnett’s
correction for multiple comparisons.
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Fig. S11. Impact of NK cell depletion on HAV-induced acute liver injury. [fnar!”
mice received 75ug NK1.1 or isotype control antibody by i.p. injection twice, 3 and 2
days prior to infection, and then again 7 d.p.i. Animals were necropsied 14 d.p.i. (A)
Sample flow cytometry histograms showing numbers of NK1.1" cells in the spleen (top
panels) and liver (bottom) of HAV-infected and uninfected control animals 14 d.p.i. (B)
Summary of flow cytometry studies. (C) Fecal HAV RNA and (D) HAV RNA present in
liver and spleen of NK cell-depleted vs. control animals. Data are mean + SEM, n=4
(feces) or 2 (liver and spleen). (E) Typical H&E stained liver section from an HAV-
infected NK cell-depleted Ifinarl”” mouse showing extensive inflammatory infiltrates and
hepatocellular apoptosis. NK cell depletion did not alter histopathology. Bar = 50 pm.
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Fig. S12. HAYV infection in macrophage-depleted Ifnarl” mice. (A) Experimental
design: clodronate or control PBS-liposomes were administered i.v. 1 day prior and again
3 days after i.v. HAV challenge. Feces, serum and liver were collected 7 d.p.i. (B) Flow
cytometry plots of cells from (top) liver and (bottom) spleen of representative HAV-naive
wild-type BL6 mice 24 hrs after i.v. administration of control PBS-liposome or
clodronate. Numbers in the upper left quadrant represent the percent F4/80°'CD11" cells
(93% depletion of macrophages from the liver, 90% from spleen). (C) Fecal HAV RNA
(mean + SEM) in PBS-liposome versus clodronate liposome treated mice 7 d.p.i., n=7
each; **p=0.007 by two-sided Mann-Whitney test. Horizontal line indicates level of
detection. (D) Serum ALT (mean + SEM) in naive (n=4-5) and HAV-infected PBS-
liposome and clodronate liposome treated mice (n=7 each) 7 d.p.i. (E) H&E-stained
sections of liver from (left) HAV-naive, clodronate-treated, (center) HA V-infected
clodronate-treated, and (right) HAV-infected PBS-liposome treated mice. Bar=50 pm.
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Fig. S13. Ifit2 and Pmaipl transcriptional responses in HAV-infected Ifnarl” and
Mavs” mice. The fold-increase in intrahepatic (A) Ifit2 (ISG54) and (B) Pmaipl
(NOXA) mRNA abundance was determined by RT-qPCR in liver tissue from infected
Ifnarl 7 (n=4-7) vs. Mavs”" (n=3-7) mice. Data are mean + SEM, n.s., not significant,
*<0.05, **<0.01, ***<0.001 by two-tailed Mann-Whitney test.
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Table S1. Nonsynonymous changes in HAV polyprotein sequence during passage of

virus in DKO mice.

Wild- Mouse Mouse Mouse
type Chimpanzee passage 2 passage 3 passage 4
HM175 Feces Feces Feces Liver
GenBank 14 d.p.i 28 d.p.i. 21 d.p.i. 18 d.p.i.
Nucleotides 71-7479 717415 717414 71-7378
sequenced
2C-Glu64 Glu Lys Lys Lys Lys
3D-Ser192 Ser Thr Thr Thr Thr
3D-Arg468 Arg - Lys Lys Lys
GenBank —n 1) 4707 kX343014 KX343016 KX343017 KX343018
accession

Notes: Near whole-genome sequence was determined by population sequencing of RT-
PCR amplimers from virus recovered during the initial 4 passages of HAV in Ifnarl”
Ifngrl”” (DKO) mice (see Fig. 1C). There were no nucleotide changes in the sequenced
regions of the 5” and 3’ nontranslated RNA segments. “Chimpanzee” virus is the HM175
virus inoculum (chimpanzee fecal extract) (4) used for the initial murine challenge.
HM175 virus was recovered originally from a naturally-infected human subject in
Melbourne, Australia (45). ‘-’, no change from wild-type sequence.
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Table S2. Percent HAV-infected cells, serum ALT and histopathologic findings in
representative genetically-deficient mice.

Liver Percent
HAV infected Serum
Genetic HAV Mouse  RNA (GE/ cells ALT*  Apoptosis/
knockout passage d.p.i. # pg RNA) (:SEM) (IU/L) Inflammation
DKO 5
U Tngr ™) 3 37 #2 33x10° 89409 159  Abundant
. #4 3.5x10° 30.2+75 373  Abundant
Ifnarl” 1
[fnar > > 45  49x10° 287+43 358  Abundant
Mavs” 5 15 #1 27x107 72.6+52 36 Absent
#2 28x107 59.6+12 20 Absent
oy ol #11 33x10° 113+53 20 Rare
bf3 717 > 17 #12 6.6x10° 252+11 32 Rare

*ALT within 2 days of necropsy; upper limits of normal (mean+2 s.d.) = 30.2 IU/L.

Notes: The percent infected cells was estimated by enumerating cells with a positive
signal for HAV RNA by in situ hybridization versus total nucleated cells in 3-6
representative microscopic fields in each liver (mean total cells counted = 667 + 58
SEM), as described in Supplementary Materials and Methods. See main text for detailed
descriptions of histopathologic findings.
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