Supplementary Information for:

Psychological stress impairs IL22-driven protective gut mucosal immunity
against colonising pathobionts

Christopher R. Shaler 2*, Alexandra A. Parco "#*, Wael Elhenawy 2, Jasmeen Dourka ',
Jennifer Jury ®, Elena F. Verdu 3, Brian K. Coombes 23"

! Department of Biochemistry and Biomedical Sciences, McMaster University, Hamilton, ON,
Canada; 2Michael G. DeGroote Institute for Infectious Disease Research, Hamilton, ON,
Canada;

3 Farncombe Family Digestive Health Research Institute, Hamilton, ON, Canada



Enhanced during stress

Reduced during stress

lleum
Escherichia_Shigella [
Enterobacteriaceae [ ]

Staphylococcus [
Streptococcus
Streptococcaceae [T
I—crnoclosticium
I Ruminococcaceae_UCG_014
I Rhodospirilltales
I S:ccharimonadia

I Saccharimonadales
I Egoerthellaceae
I Rhodospirillales
I S ccharimonadaceae
I C-ndidatus_Saccharimonas
N ONF00809
I Costridium_sensu_stricto_|
I Erterorhabdus
I O'scnella
I /phaproteobacteria

I F-ptostreptococcaceae

Romboutsia

N Turicibacter
A

I Cristensenellaceae_R_7 _group
I Coriobacteriia
I Ruminococcaceae_UCG_013
I Ruminococcaceae_UCG_0I0
I Coriobacteriales
I /topobiaceae
I S.rkholderiaceae
I ©taproteobacteriales
I Parasutterella
I Parvibacter

I Gifidobacteriales
I A ctinobacteria
I Gifidobacterium
I D.bosiclla
I |viuribaculum
I | o ctobacillaceae

Cecum
Enterobacteriaceae (I

Deferribacteraceae ]
Deferribacteres

Deferribacterales

Escherichia-Shigella
Staphylococcus ]
Enlerococcaceae _

terococcus
F\avamlractor _
9
Streptococcus [T—
Streptococcaceae ]
Lachnospiraceae_UCG_006

I Papillibacter

I Ruminiclostridium 6

I Candidatus_Soleaferrea
C\oslr\d\um sensu stricto_|
CA_900066225

I \ollicutes
I Coriobacteriales
I Faecalibaculum

001
I Ruminococcaceae UCG_013
I A ctinobacteria
I Bifidobacterium
I Christensenellaceae
I Bifidobacteriaceae
I Bifidobacteriales

I DNF00809
I Betaproteobacteriales
I Burkholderiaceae
I Christensenellaceae_R_7_group
I e otgalicoccus
I L achnospiraceae_FCS020_group
I O'senella
I Atopobiaceae
I Coriobacteriales

I Christensenellaceae
I Ruminococcaceae UCG 010
_ A2
I Ruminococcaceae
I U CG_007
I \\uribaculum

I Rhodospirillales
I Rhodospirillales
I Rhodospirillales
I Alphaproteobacteria
I Clostridiales_vadinBB60_group
I Clostridiales_vadinBB60_group
I |eibacterium
I Erysipelotrichia
I = rysipelotrichales
I = rysipelotrichaceae
I \Iuribaculaceae
I \|uribaculaceae
I L achnospiraceae_NK4A136_group
I |achnospiraceae

Colon

Bacteroides [
Bacteroidaceae [
Enterobacteriaceae [ ]

Deferribacteres [
Deferribacteres [ ]
Deferribacterales [ ]
Mucispirillum ]

I Ruminococcaceae_UCG_013
I Christensenellaceae
I Christensenellaceae_R_7 _group
I Fzecalibaculum
I | -chnospiraceae_FCS020_grou1
I Costridium_sensu_stricto_|
I Coriobacteriales
I Christensenellaceae/NA
I Anacrostipes
I P - pillibacter
I Sifidobacterium
I 5ifidobacteriales

I Ruminiclostridium_6
N 5ifidobacteriaceae
I GCA_90006622S8
I DNF00809
I Ruminococcaceae_UCG 007
I A ctinobacteria
1 Eggerlhellaceae/NA

I Jeotgalicoccus
Ruminococcaceae_UCG_0I0
I Coriobacteriales/NA
I Ruminococcus_|
I Atopostipes
I Carmobacteriaceae
I Coriobacteriales/NA
I Clostridiales_vadinBB60_group
I Clostridiales_vadinBB60_group/NA
I A\|phaproteobacteria
I Rhodospirillales/NA
I Rhodospirilales
I Rhodospirillales/NA/NA
I | actobacillus
I - ctobacillaceae
I L= chnospiraceae_NK4A136_gro,

I Erysipelotrichales

I E 1y sipelotrichales
I Erysipelotrichaceae
I 1y sipelotrichia I C|ostridiales
I Firmicutes I Clostridia Firmicutes I irmicutes
S A b DH Lo 2N w s oA DN 2o 2N w s & A BN 2o 2N Ao
o ©® o M MO M M O ® O o ©® o A MO M M O ® O O ® O & DO NM M oo © O
L LDA score (Log,,) LDA score (Log,,)

DA score (Log,,)

Supplementary Figure 1. Psychological stress alters the microbial composition of the gut

LEfSe analysis of significantly altered bacterial populations in the ileum (a), cecum (b), and colon (c)
of stressed mice (n = 4) as compared to starved controls (n = 4). Starved and stress samples are the

same as those in Figure 1.
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Supplementary Figure 2. Psychological stress induces the release of pro-inflammatory
cytokines within the serum. a, Mean z-scores of cytokine levels within the serum of
control (n = 6) and stress (n = 7) mice as determined by Multiplex analysis. b, Mean
z-scores of chemokine levels within the serum of control (n = 6) and stress (n = 7) mice
as determined by Multiplex analysis.
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Supplementary Figure 3. TNF does not contribute to stress induced AIEC expansion. a, AIEC
tissue burdens collected from the length of the intestinal tract from control (n = 3) and stress (n =
4) TNFko mice. The small intestine was divided into four 8 cm segments in which Segment 4 is
adjacent to the cecum. b, RT-gPCR analysis of cytokine expression within the ileum of control (n
= 2) and stress (n = 4) TNFKO mice. ¢, AIEC tissue burdens collected from the ileum of control
(n =4), stress +1gG (n = 4), and stress + IL-10R (n = 4). d, RT-gPCR analysis of cytokine
expression within the ileum of control (n = 4), stress + IgG (n = 4), and stress + anti-IL-10R (n =
4). Error bars represent SEM and the line in CFU graphs indicates the geometric mean of the

group.
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Supplementary Figure 4. Psychological stress leads to modest impairment of barrier function and
induction of nutritional immunity in naive mice. a, RT-gPCR analysis of barrier genes from ileal
samples of naive starved (n = 12) and stress (n = 11) mice. b, Bacterial burdens in the liver were
enumerated in naive starved (n = 12) or stressed (n = 12) mice. Significance was determined by a
two-sided Mann-Whitney. ¢, RT-gPCR analysis of nutritional immunity genes from ileal samples of
naive starved (n = 8) and stress (n = 8) mice. d, Quantification of Lcn2 by ELISA in the ileum of
naive starved (n = 4) and stress (n = 4) mice. Error bars represent SEM and the line in CFU graphs
indicates the geometric mean of the group.
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Supplementary Figure 5. Psychological stress induces nutritional immunity. a, RT-qPCR
analysis of Lcn2 and S100a8 from ileal samples of AIEC-colonized starved (n = 4) or
stressed (n = 4) mice. Significance was determined by a two-way ANOVA, p < 0.0001
(Lcn2); p < 0.0001 (S100a8). b, Spearman’s two tailed correlation of RT-gPCR Lcn2
transcript expression and AIEC fecal burdens within the ileum (n = 8). ¢, Spear-man’s two
tailed correlation of RT-gPCR S100a8 transcript expression and AIEC fecal

burdens within the ileum (n = 8). (* p £0.05; ** p < 0.01; *** p <0.001; **** p < 0.0001).

Error bars represent SEM.
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Supplementary Figure 6. IL-22 neutralization alone does not cause
AIEC expansion. Fecal AIEC burdens collected from AIEC-colonized control (n
= 4) and IL-22 treated (n = 8) over the course of 11 days.
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Supplementary Figure 7. IL-22 induces the production of AMPs and limits AIEC expansion.

a, AIEC tissue burdens collected from the length of the intestinal tract from control (n = 18), stress (n = 18), and IL-22 treated
stress (n = 18) mice. The small intestine was divided into four 8 cm segments in which Segment 4 is adjacent to the cecum.
Significance was determined by one-way ANOVA, within each segment. Segment 1 - Control:stress p<0.0001; Segment 2 -
Control:Stress p< 0.0001, Stress:Stress + IL-22-Fc p=0.023; Segment 3 - Control:Stress p<0.0001, Stress:Stress + IL-22-Fc p
=0.0012; Segment 4 - Control:Stress p<0.001, Stress:Stress + IL-22-Fc p = 0.001; Cecum - Control:Stress p<0.0001,
Stress:Stress + IL-22-Fc p = 0.0006; Colon - Control:Stress p<0.0001, Stress:Stress+IL-22-Fc p=0.0021 b, RT-qPCR analysis
of AMP expression in ileal samples of AIEC-colonized starved (n = 4), IgG treated stress (n = 4), and IL-22 treated stress (n =
4) mice. Stress and control samples are the same as Figure 4B. ¢, Quantification of calprotectin subunit S100a8 by ELISA
along the length of the intestinal tract in AIEC-colonized starved (n = 8), stress (n = 8), and IL-22 treated stress (n = 4) mice.
Control and stress samples are the same as Figure 4D. d, Quantification of Lcn2 by ELISA along the length of the intestinal
tract in AIEC-colonized starved (n = 8), stress (n = 8), and IL-22 treated stress (n = 4) mice. Control and stress samples are the
same as Figure 4C. e, f, Taxonomy plots of 16S rRNA sequencing of the cecal e and colonic f contents of starved (n = 4), IgG
treated stress (n = 4), and IL-22 treated stress (n = 4) mice. The small intestine was divided into four 8 cm segments in

which Segment 4 was adjacent to the cecum. (* p < 0.05; ** p < 0.01; *** p £0.001; **** p < 0.0001). Error bars represent SEM

and the line in CFU graphs indicates the geometric mean of the group.
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Supplementary Figure 8. Psychological stress leads to an unbiased loss of the CD90+
immune population. a, Proportion of CD90+TCRp+ and CD90+TCRg- in control (n = 10) and
stress (n = 5) mice. b, Proportion of CD90+TCRp+ that are CD4+, CD8+, CD4+CD8+, or

CD4-CD8- in control (n = 10) and stress groups (n = 5). ¢, Gating strategy for TH17 and ILC3
from CD45+CD90+ cells.
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Supplementary Figure 9. FACS gating strategies. a, The gating methods used
for defining CD90+ lymphocytes and their expression of IL-22, glucocorticoid
receptor, or annexin V. b, The gating methods used for CD45+CD11b+Gr1 (ly6G)+
cells. ¢, The gating methods used to determine pSTAT-3 expression on CD45-
EpCam+ epithelial cells.
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