www.sciencemag.org/content/346/6211/861/suppl/DC1

AYAAAS

Supplementary Material for

Prevention and cure of rotavirus infection via TLR5/NLRC4-mediated
production of IL-22 and IL-18

Benyue Zhang, Benoit Chassaing, Zhenda Shi, Robin Uchiyama, Zhan Zhang, Timothy

L. Denning, Sue E. Crawford, Andrea J. Pruijssers, Jason A. Iskarpatyoti, Mary K. Estes,

Terence S. Dermody, Wenjun Ouyang, Ifor R. Williams, Matam Vijay-Kumar, Andrew
T. Gewirtz*

*Corresponding Author. E-mail: agewirtz@gsu.edu

Published 14 November 2014, Science 346, 861 (2014)
DOI: 10.1126/science.1256999

This PDF file includes:

Materials and Methods
Figs. S1to S22
Full Reference List



Materials and Methods

Mice. WT C57BL/6, Ragl™, IFNyRI™", I11¥", 118", p40"", CD11c -DTR, Rag2/lI2rg"" and CD45.1
transgenic mice (on C57BL/6 background) were obtained from Jackson Laboratories (Bar Harbor,
ME). IFN I & II R” and STATI”" mice, on a C57BL/6 background, were gifts from Dr. Herbert
Virgin (Washington University, St. Louis, MO). IFN I R~ mice, which were on a 129 S2
background, were a gift of Dr. Sam Speck (Emory University, Atlanta, GA). Nlrc4” and 1122”7 mice
were provided by Genentech, Inc (South San Francisco, CA). T/r5"" and MyD88™ mice were
originally generated by Dr. Shizuo Akira (Osaka University, Japan) and backcrossed to C57BL/6
mice for 10 generations. Generation of 7/r5/Nlrc4”~ was previously described (/4). Human IL-18
binding protein (BP) transgenic mice were generated by Dr. Charles Dinarello (University of
Colorado, Denver, CO) and maintained as previously described (/2).

Materials. FIiC isoform of flagellin was HPLC-purified, and purity was verified as previously
described (26-29). Briefly, flagella were isolated from FljB-deficient S. typhimurium strain
SL3201fljB via high-speed centrifugation of bacterial supernatant. Flagella were converted to
flagellin monomers by boiling. Flagellin monomers were chromatographically purified using
polymixin B agarose, S-sepharose, and Q-separose. This procedure results in a preparation of
flagellin that does not activate gene expression (as assessed by RT-PCR and microarray) in mice
lacking both known flagellin receptors indicating it does not contain levels of innate immune
agonists beyond flagellin. Murine IL-22 was provided Genentech, Inc. Murine IL-18 was purchased
from Sino Biologicals Inc. (Beijing, China). Human IL-22 was purchased from BioLegend (Sand
Diego CA). Human IL-18 was purchased from Invivogen (San Diego, CA). FIt3 ligand was a gift of
Dr. Robert Mittler (Emory University, Atlanta, GA).

Rotavirus infection and flagellin and cytokines treatment. Acute models- Mice were infected with a
range of dilutions of a preparation of murine rotavirus EC strain by oral inoculation to determine the
amount of virus that resulted in 50% of mice exhibiting a course of detectable fecal RV antigens,
referred to as SD50 as per previous studies. Mice were infected with 10° SD50 of murine rotavirus
EC strain by oral inoculation after feeding 100 pl of 1.33% sodium bicarbonate to neutralize
stomach acid. Except for diarrhea studies and chronic infection studies, we utilized 8-12-week-old
mice and gavage volume of 100 pl. Flagellin treatment, unless indicated otherwise, used a dose of
20 pg in 0.2 ml PBS, or 0.2 ml PBS as control, which was given 2 hours prior to inoculation and on
days 2, 4, 6 and 8 p.i. Diarrhea model- 7-day-old mice were inoculated with 400 SD50
administered in 50 ul PBS. Flagellin treatment, unless indicated otherwise, used a dose of 10 pg and
was given 2 hours prior to inoculation and daily on days 0-9 p.i. Chronic model- Chronic rotavirus
infection was performed as previous described (9). Briefly, 3-week-old Rag/”™ mice were fed with
100 pl of 1.33% sodium bicarbonate and then infected with 10° SD50 of murine rotavirus EC strain
by oral inoculation. Feces were collected at 3 weeks after infection to confirm the establishment of
chronic infection. Where indicated, mice were injected with 0.2 ml of PBS only (control) or 0.2 ml
of PBS containing flagellin. Flagellin treatment, unless indicated otherwise, used a dose of 20 pg
and was given every other day from days 24-42 p.i. In parallel, the above mice were treated with
PBS or PBS containing IL-22, IL-18, or both IL.-22 and IL-18 as indicated.

Neutralization of IL-17 and IL-22. IL-17 and IL-22 were neutralized via i.p. injection of mAb to IL-
17 (100 pg) and IL-22 (150 pg, clone 8E11) provided by Genentech, Inc. on days 0, 2, 4, 6 and 8
p.i. as previously described (30, 317)




ELISA to measure fecal RV antigens and antibodies. A sandwich enzyme-linked immunosorbent
assay (ELISA) was performed to detect rotavirus antigen in mouse feces as previously described
(32). Use of multiple dilutions of fecal suspension allowed determination of SD50. Serum anti-RV
IgA or IgG and fecal anti-RV IgA were detected as previously described (32).

Immuonhistochemistry. Frozen mouse small intestinal sections were blocked with normal goat
serum and incubated with a monoclonal antibody to rotavirus VP6 protein overnight at 4°C
followed by 3 washes in PBS-Tween20. The slides were then incubated with biotinylated secondary
antibody to mouse Ig diluted in PBS for 30 minutes at room temperature. After washing again,
slides were incubated in HRP-Avidin in PBS for 30 minutes at room temperature. Then, 100 pl
freshly made DAB substrate solution was applied to the slides to reveal color, followed by 3 washes
in PBS-Tween20. Stained intestinal tissues were then dehydrated through 4 incubations in alcohol
(95%, 95%, 100% and 100%). The color change provided by antibody staining was observed using
microscopy.

Quantification of RV genomes and replication. Total RNA was isolated from tissues using TRIzol
(Invitrogen, Carlsbad, CA), and quantitative RT-PCR (qRT-PCR) was performed using the Biorad
iScript™ One-Step RT-PCR Kit in a CFX96 apparatus (Bio-Rad, Hercules, CA) with primers
targeting the NSP3 region EC.C(+) (5-GTTCGTTGTGCCTCATTCG-3) and EC.C(-) (5-
TCGGAACGTACTTCTGGAC-3). Strand-specific quantitative reverse transcription-PCR (ss-qRT-
PCR) assay was used to quantify the ability of rotavirus to spread and replicate, as previously
described (33).

Quantification of fecal reoviral RNA shedding using qRT-PCR. Reovirus T1L was generated as
previously described (34). C57BL/6 mice were inoculated orally with 1-4 x 10° PFU of reovirus
T1L in 0.2 ml PBS. From day 1 to 4 p.i., feces were collected, and total RNA was extracted
according to the manufacturer's instructions (MO BIO, Inc., Carlsbad, CA). qRT-PCR was
performed to determine viral shedding (forward primer 5'-CGCTTTTGAAGGTCGTGTATCA-3’
and reverse primer 5-CTGGCTGTGCTGAGATTGTTTT-3’ corresponding to the viral S4
gene)(35). Viral shedding level was normalized to fecal weight (36, 37).

Quantification of host cell gene expression. Total RNA was isolated from colonic tissues using
TRIzol (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions, and qRT-PCR was
performed using the Biorad iScript™ One-Step RT-PCR Kit in a CFX96 apparatus (Bio-Rad,
Hercules, CA) with specific mouse oligonucleotides. The sense and antisense oligonucleotides used
include the following: 36B4 5’-TCCAGGCTTTGGGCATCA-3’ and 5°-
CTTTATTCAGCTGCACATCACTCAGA-3’; KC 5’-TTGTGCGAAAAGAAGTGCAG-3’ and 5°-
TACAAACACAGCCTCCCACA-3’; IFN-AL 5’-AGCTGCAGGCCTTCAAAAAG-3’ and 5°-
TGGGAGTGAATGTGGCTCAG-3’; p40 5’-GACCATCACTGTCAAAGAGTTTCTAGAT-3’
and

5’-AGGAAAGTCTTGTTTTTGAAATTTTTTAA-3’; IL-22 5°-GTGCTCAACTTCACCCTGGA-
3> and 5’-TGGATGTTCTGGTCGTCACC-3’. Results were normalized to the housekeeping gene
36B4.

In vitro RV infection. HT-29 and Caco-2 cells were infected with cell culture-adapted rhesus
rotavirus (EC strain cannot infect cultured cells) as previously described(38). 2x10° PFU of RRV
was activated with 10 pg/ml of trypsin in serum free media (SFM) at 37°C for 30 minutes. HT-29




cells were grown to confluency in 6 well plates, washed several times with SFM, pre-treated with
100 ng/ml flagellin or left untreated (control). Two hours later, cells were inoculated with virus for
1 hour at 37°C/5% CO; to allow for adsorption (in the continued presence of flagellin). Following
adsorption, cells were washed again several times with SFM and then incubated with 2 pg/ml
trypsin in SFM for 0—48 hours p.i. For Caco-2 cells, Transwell plates (Corning Inc.) were used to
allow cytokine treatment in the lower chamber and virus infection in the upper chamber. After IL-
22/1L-18 pre-treatment for 1 hour, cells were infected in the presence of IL-22/IL-18 (maintained
throughout experiment), and cell lysates prepared at indicated times.

Generation of bone marrow chimeric mice. Bone marrow chimeric mice were generated as
previously described (39). Briefly, bone marrow cells were eluted from the femora and tibiae of
donor mice with complete RPMI 1640 media. Recipient mice were irradiated at a dose of 11Gy
with a '*’Cs irradiator before intravenous injection (i.v.) of 2x10” donor bone marrow cells. After
injection, the mice were maintained in sterile cages and supplied with drinking water containing 2
mg/ml of neomycin (Mediatech). Mice were utilized for experiments 8 weeks later. CD11¢c-DTR
chimeras were used to deplete DC and avoid toxicity that results from DT administration to CD11c-
DTR mice (40).

Cell depletion study. For depletion of NK cells, mice were treated with 200 ug of PK136 antibody
to NK1.1 (Bio X Cell, Lebanon, NH) by i.p. injection every 2nd day from 2 days before infection to
8 days p.i. For neutrophil depletion, WT C57BL/6 mice were i.p. injected with 200 pg anti-Grl
(RB6-8C5, Bio X Cell) every 2nd day from 2 days before RV infection to 8 days p.i. Chronically-
infected Ragl™ mice were injected with 500 pg anti-Grl every day from 3 days before flagellin
treatment for 5 days. For depletion of macrophages, WT C57BL/6 mice were treated with 0.5 ml
and 0.2 ml of clodronate liposomes (50 mg/ml) (ClodronateLiposome.org) by oral gavage and i.p.,
respectively, every 2nd day from 4 days before infection until day O p.i., after which time i.p.
injection was continued to maintain depletion. For depletion of DCs, CD11¢c-DTR chimeric mice
were treated with diphtheria toxin (DT, LIST Biological Laboratory, Inc.) at 8 ng/g body weight
two and one days before RV infection.

Preparation of mouse whole blood leukocytes and lamina propria cells. Mouse blood was collected
with heparinized tubes, centrifuged to removed plasma, resuspended in red blood lysis buffer (BD
Biosciences) for 10 minutes, and washed in BD FACS buffer twice. Lamina propria cells were
prepared as previously described (47).

Cell enrichment and adoptive transfer. WT C57BL/6 or Tlr5/Nlrc4~"~ mice were injected with 30 pg
Flt-3 ligand in 0.2 ml PBS every day for 9 days. Mouse splenocytes were stained with
fluorochrome-conjugated antibodies to CD45, MHC class II, Ly6G, CD11c, CD11b, NK1.1, F4/80,
CD3 and CD19. CD11c" DCs were FACS-sorted on a BD FACSAria III cell sorter. DC with about
99% purity were transferred to recipient mice by i.v. injection. Alternatively, mouse CD11c* DC
were enriched by CD11c microbeads following the manufacturer’s instruction (Miltenyi Biotec,
Auburn, CA). The magnetically-enriched CD11c¢" DC with purity >95% were injected into
Tir5/Nlrc4" mice.

Flow cytometry analysis. Mouse whole blood leukocytes, splenocytes, and intestinal lamina propria
cells were prepared and blocked with 10 pg/ml anti-CD16/anti-CD32 (clone 2.4G2 ATCC) for 10
minutes in FACS buffer (PBS supplemented with 0.5% BSA and 0.04% sodium azide). Aliquots of
cells (1 x 10°) were suspended in 0.1 ml FACS buffer on ice for 20 minutes with FITC-, PE-,
PerCP-, APC-, PE-Cy7-, Alexa Fluor 700-, and Pacific blue-conjugated mAbs to detect the




following surface Ags: CD3, CD11b, CDl11c, CD103, CD19, MHC class II, F4/80, NK 1.1, CD45.1,
CD45.2, Ly-6G (BD Biosciences). Stained cells were analyzed on a BD LSR 1II flow cytometer.
Data analysis was carried out using FlowJo (TreeStar, Ashland, OR).

Isolation of Intestinal epithelial cells. Chronically RV-infected Rag/”™ mice were treated as
indicated in the figures. At indicated times, mice were sacrificed and small intestines were washed
extensively with PBS, cut to 1 cm pieces, and incubated with 2 mM EDTA for 30 minutes with
shaking at 4°C. After vortexing, the supernatant was passed through 100 um cell strainer. The
intestinal epithelial cells (IEC) were centrifuged, resuspended in PBS, and counted under a
microscope.

SDS-PAGE Immunoblotting. At indicated time points following in vitro RV infection, cells were
washed several times with cold PBS and resuspended in radioimmunoprecipitation assay II buffer
(RIPA II) (20mM Tris-HCI, 2.5 mM EDTA, 1% Triton X-100, 10% glycerol, 1% deoxycholate, 0.1
% SDS, 50 mM NaF, 10 mM Na,P,07, 2 mMNaV0s, and protease inhibitor cocktail). Cell lysates
were separated on a precasted SDS-PAGE gel (Biorad), transferred to a nitrocellulose membrane,
and probed with anti-rotavirus VP6 and human B-actin antibodies. To detect caspase 3, isolated IEC
were incubated with 1X SDS lysis buffer (20mM Tris, pH6.8, 1% SDS, 1 mM EDTA) for 30
minutes at room temperature. After full-speed centrifugation, cell lysates were transferred to a fresh
tube for analysis using antibodies to cleaved caspase 3 and B-actin antibodies (Cell Signaling
Technology)

RNA sequencing. IEC were purified, as described above. RNA was extracted using Qiagen RNeasy
kit, according to the manufacturer’s protocol. After purification, RNA concentration and integrity
were determined using Epoch Microplate Spectrophotometer (Bio-Tek) and agarose gel
electrophoresis, respectively. Total RNA was then prepared for sequencing purposes, using Illumina
TruSeq RNA kit, according to the manufacturer’s protocol. Briefly, mRNA was purified using
oligo-dT-coupled beads, fragmented, and converted to cDNA. After end repair and ligation of
adapters, mRNA libraries were amplified by PCR and validated using BioAnalyser, according to
manufacturer’s recommendations. The purified library was then subjected to sequencing using a
HiSeq machine at Cornell University’s core facility. After quality filtering the data, adapter
sequences were removed using fastqclipper tool (http://hannonlab.cshl.edu/fastx_toolkit/). Tophat2
(http://tophat.cbcb.umd.edu/) was then used to align sequences to the most recently updated mus
musculus genome (mm10 version) based on the Bowtie algorithm (42). Alignment summary and
normalization were performed through R using EdgeR package including tagwise negative binomial
test (43). (http://www.bioconductor.org/packages/release/bioc/html/edgeR.html). The function
plotSmear was used to generate plots of the log-fold-changes against log-cpm for each gene of the
mus musculus genome. For pathway summarization, Panther classification system was used (44).




Figs. S1 to S21
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Fig. S1. Flagellin delays/protects mice from RV infection. (A and B) Eight-week-old female
C57BL/6 mice were orally inoculated with murine RV, EC strain. Two hours prior to infection,
mice were given an i.p. injection of 0.2 ml PBS (vehicle) or 0.2 ml of PBS containing 20 ug of
flagellin. Feces were collected daily and assayed for RV antigens by ELISA. (A) Mice were
administered PBS or flagellin only prior to inoculation with RV. (B) Mice were administered PBS
or flagellin on day 0, 2, 4, 6 and 8 days p.i. Levels of fecal RV antigens shown as mean +/- S.E.M.
The protection effect of flagellin versus PBS was statistically significant in (A) (Student’s t-test,
N=6, P<0.0001, on days 2-4) and (B) (2-way ANOVA, N=6, P<0.001).
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Fig. S2. LPS provides temporary protection against RV infection. Eight-week-old female
C57BL/6 mice were orally inoculated with murine RV, EC strain. Mice were treated with PBS, LPS
(10 ug), or flagellin (20 ug), via i.p. injection, every 2nd from day 0-8 p.i. Feces were collected
daily and assayed for RV antigens by ELISA. Results are shown as mean +/- S.E.M. The difference
was statistically significant between mice given PBS and flagellin (2-way ANOVA, N=5, P<0.001)
and not significant between PBS and LPS (2-way ANOVA, N=5, P=0.2147).
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Fig. S3. Flagellin mediates prevention of RV infection without activating RV-specific adaptive
immunity. (A to C) Sera and fecal samples from C57BL/6 mice, inoculated with RV and treated
with PBS or flagellin as described in Fig. 1A, were isolated 14 days p.i. and assayed for anti-RV
IgG (A) and IgA (B) by ELISA. Fecal samples on day 0, 2, 4, 6, 8, 10 and 14 p.i. were assayed for
fecal IgA (C). The difference between mice given PBS and flagellin was statistically significantly
from each other. Statistical analysis are shown as [Student’s t-test, N=6, P<0.001, (A)], [Student’s t-
test, N=4, P<0.05, (B)] and [2-way ANOVA, N=5, P<0.001, (C)].
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Fig. S4. Flagellin decreases fecal reovirus shedding in WT C57BL/6mice. C57BL/6 mice were
inoculated per orally with 1-4 X 10° PFU of reovirus strain Type 1 Lang (T1L) in 0.2 ml PBS. Mice

were 1.p injected with PBS or flagellin (20 ug) 2 hours before reovirus inoculation and every second
day thereafter. The number of viral genome copies in feces on days 1, 2, 3, and 4 was determined
using qRT-PCR using primers specific to the reovirus S4 gene. Results are expressed as the mean
+/- S.E.M. Asterisk indicates significant difference between untreated and flagellin-treated mice.
(Student’s t-test, N=4, *P<0.05).
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Fig. S5. Flagellin decreases RV antigen in chronically infected RagI” mice. (A) Chronically

RV-infected Ragl™ mice were administered 1 dose of flagellin, euthanized day 1 after flagellin
treatment and small intestine immunostained for RV antigens. Representative images are shown. (B
to D) Chronically RV-infected Ragl " mice were administered 1 dose of flagellin, euthanized at 3,
6, 12, 24 and 48 hours. (B) Total RNA of small intestines were analyzed for NSP3 RNA level and
ratio of positive strand to negative strand of NSP3 by strand-specific qRT-PCR which indicates
viral replication rate). (C) Total RNA of liver were analyzed for RV NSP3 RNA level. (D) Total
RNA of spleen were also analyzed for RV NSP3 RNA level. Asterisk indicates significant
difference between untreated and flagellin-treated mice. [Student t-test, N=3, *P<0.05, for (B), (C)
and (D)].
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Fig. S6. Flagellin's antiviral activity requires TLRS on hematopoietic cells and NLRC4 in
either compartment. (A to F) Indicated bone marrow chimeric mice were inoculated with RV and
treated with PBS or flagellin from day 0-8 p.i. Feces were collected daily and assayed for RV
antigens by ELISA. Measure of RV antigens in feces, are shown as mean +/- S.E.M. The difference
between mice given PBS and flagellin was statistically significant in (A) (2-way ANOVA, N=6-7,
P<0.001) and [(C) to (F)] (2-way ANOVA, N=4-8, P<0.001), and non-significant in (B) (2-way
ANOVA, N=5, P=0.4183).

12



A ’_g 8000-
5 700 *
2 60004
© 5000
—
:|"_ 4000+
£ 30004 * *
2 2000
= J
Y 4000
04
FIiC - + - + - +
L ]\ ] v J
T T |
Donor: WT B6 Donor: WT B6 Donor: 11187
Recipient: WT B6 Recipient: 11187 Recipient: WT B6
B —  4000- DT-treated
£ *
e l_l_\
& 3000+
o~
20004
=
£
E 1000+ *
[
wn
0-
FliC - + - + - +
| J\ J
T |
CD11c-DTR Rag2/ll2rg’
DT-treated
C = 14000+ l_‘_\
£
~~ 120004 %k
o *
= 10000+
0
— 80004
4 *
—  6000-
£
2 40004
@
v 20004
04
FliC - + - + - +
\ J\ )
1 T
CD11c-DTR Rag2/Il2rg”-

Fig. S7. Cellular source of flagellin-induced IL-18 and IL-22. (A) Bone marrow chimeric mice
generated from WT and /18" mice were treated with flagellin. Sera were collected at 3 hours post
treatment and assayed for IL-18 by ELISA (Student’s t-test, N=4-5, *P<0.01). (B and C) CDI11c-
DTR mice were injected with DT. After 24 hours, the CD11c-DTR and Rag2/112rg'/ " mice were
treated with flagellin, and, 3 hours post flagellin treatment, sera were assayed for IL-22 (B) and IL-
18 (C) by ELISA (Student’s t-test, N=3-4, *P<0.05). Asterisk indicates significant difference
between untreated and flagellin-treated mice.
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Fig. S8. Flagellin-treated RV-infected mice exhibit massive neutrophil infiltration in the gut.
(A and B) Ragl”" mice were orally inoculated with murine RV, EC strain. Mice were treated with
PBS or flagellin (20 ug), via i.p. injection, in day 0 and 2 p.i. On day 3 p.i., lamina propria of small
intestines and colons were analyzed for neutrophil infiltration by flow cytometry. (A) Scatter plots
using CD45, Ly-6G, and CD11b to quantitate relative numbers of neutrophils in each
condition/tissue. (B) Mean quantitation of neutrophils +/- S.E.M. Induction of small intestinal and
colonic neutrophils by flagellin was significant (Student’s t-test, N=4, *P<0.01) for both tissues.
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Fig. S9. Flagellin cures chronically RV-inyfepcted, neutrophil-depleted Ragl”” mice and prevents
RYV infection in neutrophil-depleted WT C57BL/6 mice. (A and B) (A) Rag! " mice, which had
been chronically infected with RV for 168 days were subjected to antibody-mediated neutrophil
depletion beginning day 168 p.i. and then treated with PBS or 20 ug flagellin on day 171 and 173
p.i. Feces were collected on indicated day and assayed for RV antigens by ELISA. Mice were
euthanized on day 174 at which time intestinal tissue was assayed for relative numbers of
neutrophils as in Fig. S8. Relative numbers of neutrophils in each condition/tissue and levels of
fecal RV antigens shown as mean +/- S.E.M were shown. Differences between PBS and flagellin
groups were significant (2-way ANOVA, N=3, P<0.01) beginning 2 days post-treatment. (B) Eight-
week-old C57BL/6 mice were treated with neutrophil-depleting antibody 24 hours before RV
infection and then once every 2nd day from day 0-8 p.i. The mice were given PBS or 20 ug
flagellin 2 hours before RV inoculation. Feces were assayed for RV antigens by ELISA.
Differences between PBS and flagellin groups were significant (2-way ANOVA, N=4, P<0.0001).
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Fig. S10. Flagellin-induced antiviral effect is maintained in mice depleted of NK cells. (A and
B) C57BL/6 mice were subjected to antibody-mediated NK cell depletion. Two days later, mice
were orally inoculated with RV and treated via i.p. injection with PBS or flagellin (20 ug) every
2nd day from day 0-8 p.i. Feces were collected daily and assayed for RV antigens by ELISA. (A)
Scatter plots using CD45, NK1.1 and CD11b to quantitate relative numbers of NK cells in each
condition. (B) Levels of fecal RV antigens shown as mean +/- S.E.M. The difference between mice
given PBS and flagellin was statistically significant (2-way ANOVA, N=4, P<0.001).
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Fig. S11. Flagellin-induced antiviral effects are maintained in mice depleted of macrophages.
(A to C) C57BL/6 mice were subjected to clodronate liposome-mediated macrophage depletion
from 4 days before infection. Clodronate liposome-treated mice were orally inoculated with RV and
treated via i.p. injection with PBS or flagellin (20 ng) every 2nd day from day 0-8 p.i. Feces were
collected daily and assayed for RV antigens by ELISA. (A) Scatter plots using CD45, MHC class II,
CD11b and F4/80 to quantitate relative numbers of macrophages in each condition and (B)
percentage of decrease of macrophages after depletion was calculated. (C) Levels of fecal RV
antigens shown as mean +/- S.E.M. The difference between mice given PBS and flagellin was
statistically significant (2-way ANOVA, N=4, P<0.001).
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Fig. S12. Diphtheria toxin does not affect flagellin-mediated protection against RV in WT
C57BL/6 mice from RYV. (A and B) Eight-week-old female C57BL/6 mice were treated DT on 2
consecutive days. Twenty-four hours after the second DT treatment, the mice were orally inoculated
with murine RV, EC strain. Two hours prior to infection and every 2nd day thereafter from day 0-8
p.i., mice were given an i.p. injection of 0.2 ml PBS (vehicle) or 0.2 ml of PBS containing 20 pug of
flagellin. Feces were collected daily and assayed for RV antigens by ELISA. Levels of fecal RV
antigens shown as mean +/- S.E.M. The difference between flagellin and PBS was statistically
significant (2-way ANOVA, N=5, P<0.001).
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Fig. S13. Flagellin induces intestinal expression of 1L-12/IL-23 and IL-22 but not type III IFN.
(A to D) Indicated strains of genetically-modified 8-week-old mice were orally inoculated with
murine RV, EC strain. Mice were treated with PBS or flagellin (20 ug), via injection, every other
day from 0-8 days p.i. Feces were collected daily and assayed for RV antigens by ELISA. (A) IFN I
R, (B) IENyR1", (C) IFN I & Il R, (D) STAT1™". Levels of fecal RV antigens shown as mean +/-
S.E.M. The difference between mice given PBS and flagellin was statistically significant for (A) to
(D) (2-way ANOVA, N=5-6, P<0.0001). (E) Rag! " mice were administered 20 ug of flagellin and
euthanized at indicated time point. Small intestinal mRNA level of indicated genes was measured
by qRT-PCR. Data are shown as means +/- S.E.M. Asterisk indicates significant difference between
untreated and flagellin-treated mice (Student’s t-test, N=3-6, *P<0.05).
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Fig. S14. 1L-22/IL-18 protects WT C57BL/6 mice against high and low levels of RV inocula.
(A to C) Eight-week-old female C57BL/6 mice were orally inoculated with (A) 10', (B) 10’ and (C)
10°> SD50 of murine RV. Two hours prior to infection and every 2nd day thereafter from day 0-8
p.i., mice were given an i.p. injection of 0.2 ml PBS (vehicle) or 0.2 ml of PBS containing 2 pg of
IL-22 and 1 pg of IL-18. Feces were collected daily and assayed for RV antigens by ELISA. Levels
of fecal RV antigens shown as mean +/- S.E.M. The protection effect of IL-22/IL-18 versus PBS
was statistically significant in all three groups (2-way ANOVA, N=5, P<0.001).
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Fig. S15. Flagellin-induced activation of IL-22 is independent of NLRC4 signaling. (A and B)
WT C57BL/6, TLRS'/', NLRC4'/', and TLR5/NLRC4”" mice were administered 20 ug of flagellin
and euthanized at 3 hours. Small intestinal mRNA level of IL-22 (A) and p40 (B) was measured by
gqRT-PCR. Data are the means +/- S.E.M. Asterisk indicates significant difference between PBS and

flagellin-treated mice (Student’s t-test, N=4, *P<0.05).
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Fig. S16. IL-22/IL-18 treatment cures chronically RV-infected Rag2/I12rg” mice. Three-week-
old Rag2/I12rg”” mice were inoculated with murine RV. Three weeks following inoculation, mice
were treated with PBS, 10 ug IL-22 plus 1 ug IL-18 by i.p. injection on day 24 and 26 p.i. as
indicated by red arrows. Feces were collected daily until day 34 p.i. and assayed for RV antigens by
ELISA. Results are shown as the mean +/- S.E.M (2-way ANOVA, N=3, P<0.0001).
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Fig. S17. 1L-22/IL-18 treatment shortens duration of established diarrhea in young C57BL/6
mice. (A and B) Seven-day old C57BL/6 mice were orally inoculated with RV as described in
Methods. Three days after inoculation, at which time 100% of mice exhibited diarrhea, mice were
treated with 50 ul PBS (vehicle) or 50 ul PBS containing 2 ug IL-22 plus 0.2 ug IL-18 by i.p.
injection every day from 3-9 days p.i. and monitored for (A) incidence of diarrhea daily (Chi-square
test, N=6,7, * P<0.01) and (B) duration of diarrhea after IL.-22/IL-18 treatment (Student t-test, N=6,
7, ¥P<0.05). Asterisk indicates significant difference between untreated and flagellin-treated mice.
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Fig. S18. Flagellin and IL-22/IL-18 treatment does not affect RV infection/replication
significantly in cultured intestinal epithelial cells. (A) Confluent monolayers of intestinal
epithelial (HT-29) cells were pretreated with flagellin (100 ng/ml) 2 hours before infecting with
rhesus RV at multiplicity of infection of 1.0. At indicated time points, cell lysates were analyzed for
the RV antigen VP6, as an indicator of infection/replication, by SDS-PAGE immunoblotting. Data
is representative of 5 experiments, which showed similar lack of effect of flagellin on RV
infection/replication in vitro. (B) Polarized monolayers of Caco-2 cells, cultured on collagen-coated
permeable supports, were basolaterally treated with recombinant human IL-22/IL-18 (100 ng/ml of
each cytokine) 1 hour before infection with Rhesus RV at multiplicity of infection of 1.0. At
indicated time points cell lysates were analyzed for the RV antigen VP6, as an indicator of
infection/replication, by SDS-PAGE immunoblotting. Results are from a single experiment and
representative of 3 experiments that showed similar results.
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Fig. S19. Major remodeling of IEC gene expression in vivo by IL-22 but not IL-18. RNA
sequencing data were generated as described in Methods, and the function plotSmear of EdgeR
package for R was used to generate plots of the log-fold-changes against log-cpm, for each gene of
the mus musculus genome (mm10). Genes with significantly modified expression in the treated
group compared to the control group were plotted in red, using exact test function of EdgeR which

is conducting tagwise tests using the exact negative binomial test. The horizontal blue lines showed
2-fold changes (N= 3, significance determined as described in Methods).
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Fig. S20. Processes and pathways altered in IL-22 and IL-22/IL-18 treated mice.

RNA sequencing data were generated as described in the full method. Genes with significantly
increased expression in treated group compare to control group were determined using exact test
function of EdgeR. The list of Ensembl gene IDs obtained was then summarized in biological
process (upper panel) and pathway (lower panel) using Panther Classification System. (N= 3,
significance determined as described in Methods).
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Fig. S21. IL-22 and IL-22/IL-18 treatment induces cell death in RV-infected IEC.
Chronically RV-infected Ragl™ mice were treated with 1 injection of PBS, PBS containing 10 ug
IL-22, 1 ug IL-18 or 10 ug IL-22 plus 1 ug IL-18. At indicated time, the mice were sacrificed and
intestinal epithelial cells IEC were prepared from small intestines. Whole cell lysates from above
IEC were analyzed by SDS-PAGE immunoblotting with antibodies to cleaved caspase 3. Left
panel shows results of 3 hours after different cytokines treatment and right panel shows results of

indicated time points of IL-22/IL-18 treatment. Results are from a single experiment and

representative of 3 experiments that showed similar results.
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