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Supplementary Figure 1. IL-10-producing Foxp3"“®® CD4" T cells are transcriptionally
heterogeneous. A) Representative dot plot of IL-10°®7" and Foxp3™ " expression in CD4" T
cells. Red gate indicates which cells were sorted for single cell sequencing analysis. B)
Expression of /10 and correlation between //170 and Gfp expression. C) t-SNE analysis of
single cell RNA sequencing (plate-based) of IL-10pos cells (including Foxp3® Treg) isolated
from small intestine or spleen of aCD3-treated IL-10°°"F x Foxp3™¥" double reporter mice. D)
Bootstrap analysis of HVGs in single cell RNA sequencing data of IL-10pos cells from small
intestine and spleen.



SIC1 Slcz SIG3
Tnfrsi4 m— Ccls SE— fn—2} Gzma
Cocl5 I— Gzmb 1 Cdfa M
£ Bog_ o(;&;- g’m_ Cdeb 1 E—
N 78 Pima - [ E—
85%_ %: Jun (gmt_
ramys— I e
Srgn Malat1m B Nicg 7 B
Gzmb S— Alacal- Shizab S— gl
Ser 1. = 2 B
s \ma— &7- : el 2725 -
o — s i
Tnfrsf1 Qo Ccl3m Junb S Itgae
Ubac2s ] Crip1is
Rampa Itpkos Furinm 52
Icog petin ad Cole
LmF X, Yox 1 % =
= Gm2674 Saraf s 526
Gok}- Ab&?;:.l Tmem176a A g= N Othe
r
i - Aniaas P eng’" Il
a1 - ] 1 S 410
m'&fﬁ' ‘;l = 1 W Cytokine
‘H | Y e [ | F | B W I w H | A P L H rrrrra
00 10 20 00 10 20 00 10 20 00 10 2030
average log2 average log2 average log2 average log2
(FC to other clusters)  (FC to ather clusters) (FC fo other clusters)  (FC % other clusters)
Spleen C1 Spleen C2 Spleen C3 Spleen C4 Spleen C5 Spleen C6 Spleen C7
E———————EY —— I Hist1 . 4 B HmMQH2 Eesmm— s
833— m— m— rg’:gg— TCE.‘_ g&nm— s‘aw—
7 Tcf7 — w|— ) 1 EE— ;M— — 22 E—
2 =1 RAps27rt I—— | 1 b Ry nirst— tg%— S 4 m—
Cci3 527 I I3 — 3 1110 = Lgats | ——
gmts- [j=— aaﬂ— 2810417H 1R — = n2 SE— gxcrs—
xcr 5 10— ] a E====1 === pq Som— 2mi —
=3 |3 I— imap 5 TubbS m— |kzf2 —— ircS I— ub1
AW112010 B it — G&;%7— Hnop2m— rie - T 5001 im—
gs1 §3 === § | S— ob Y— Capg s Tubalb s— 1
SeRBaIm = - = 30— e
2aid e Tsc. 2] —_— 5 FEEER Hi2n2a e Chks1b rp I
SerpinbSb i mo 1 r— Ap %- Hist1 o ||2ra B h2ap W Cilad s
Belza g= Apl18aam Eit4a 1 lzl- Tmp3= L] s‘g.;}g-
2. e CF Saman]- Lockd S muigw-
"?- 18— == el oriBS  2810417H13Rk M. 1
S100a11 14— Nejc 11 gl Cromim {boge == Gl s
sq M Xnip —— 1 = S - mgb 1 Pdod 1
Ha§ﬁ= : ”%g— N (%1’%—- AV11201 i : ‘1_— Serplnlbsb-_ W Othe
s;bl p‘&j HspS0ab | s Ubazs i &“ ?- Cdcd3 mmm jass N Raceptor
gcstl mns— Smcz - al— N 1 _— Raides W TF
crSE Hmha 1 S— Co200 em W- 1. B P1= ¥ Cytokine
C“&apﬁwnm‘un Vit lsm' | B Trirsi4 Tww! | BRI ) : b,_,_' TTT P4 [ O L L |
01234568 0.0 1.0 20 00 1.0 20 00 1.0 20 3.0 00 10 20 00 1.0 20 é.o 00 1.0 20 30
@ lof average log2 average log2 average log2 avarage log2 average log2 average log2
(FC to cther clusters) (FC to other clusters) (FC to other clusters) (FC 1o other clusters)

average log2
{FC to other clusters) (FC to ather clusters) (FC o other clusters)

Supplementary Figure 2. Fold change analysis of 10X single cell RNA sequencing of IL-
10-producing CD4" T from spleen and small intestine. Fold change (FC) of each cluster

compared to other clusters. 20 most enriched genes for each cluster are shown.
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Supplementary Figure 3. Co-inhibitory receptors and Tr1-associated markers are
differentially expressed on IL-10-producing CD4" T cells and IL-10 negative T cells.
Analysis of cells from small intestine and spleen of aCD3-treated IL-10eGFP x Foxp3mRFP
double reporter mice (n=6). Data are cumulative of two independent experiments. Analysis of
untreated IL-10°®"" x Foxp3™"" double reporter mice (n=3). Data are representative of three
independent experiments. Analysis of P. berghei infected IL-10°°"F x Foxp3™ " double
reporter mice (n=10). Data are cumulative of three independent experiments. A paired t-test
was used to calculate significance.
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Supplementary Figure 4. CD49b/LAG-3 expression is strongly enriched within the IL-
10-producing Foxp3"°® CIR rich subpopulation and their superior suppressive capacity
is independent of IL-10 expression A) Analysis of CD49b/LAG-3 co-expression in CIR rich
and CIR poor subpopulations in indicated organs and disease models. B) Sensitivity and
specificity was calculated for indicated marker combinations in IL-10-producing Foxp3"¢® CD4*
T cells derived from spleen of aCD3-treated IL-10eGFP x Foxp3mRFP double reporter mice.
C) MFI of IL-10°®F" assessed in IL-10-producing Foxp3"“*® CIR rich and CIR poor cells based
on the analysis displayed in Figure 3A-C. Lymphocytes were isolated from spleen, lung and
small intestine of aCD3-treated IL-10°°"F x Foxp3™ " reporter mice. Additionally, cells were
isolated from small intestine under steady state conditions and from spleen and liver of P.
berghei infected mice. D) In vitro suppression of IL-10-producing Foxp3"®® CIR rich and CIR
poor CD4"* T cells isolated from liver of P. berghei infected 1L-10°®"" x Foxp3™ " reporter
mice. Results are cumulative of two independent experiments. E) Representative gating
strategy is shown (left). In vitro suppression of IL-10"NTERMEDIATE £4y 5388 CIR rich and CIR
poor cells isolated of spleen of aCD3-treated IL-10°®F" x Foxp3™F" reporter mice. Data are
cumulative of two independent experiments.
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Supplementary Figure 5. Gating strategy used for analysis and sorting of IL-10-
producing Foxp3"®? CIR rich and CIR poor CD4" T cells. Representative gating strategy of
indicated populations is depicted in red as used in Figure 1D-F (IL-10pos Foxp3Neg cells),
Figure 3 (IL-10pos, Foxp3Neg cells), Figure 4 (IL10pos CIR rich and CIR poor, IL10Neg CIR
poor) and Figure 5A-C (IL10pos CIR rich and poor, IL-10Neg CIR poor). The representative
plots show re-analysis of sorted populations.
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Supplementary Figure 6. Suppressive capacity of CIR rich cells is dependent on IL-10
during colitis in vivo. A) CIR rich IL-10-producing Foxp3"®® CD4" T cells, IL-10" CD4" T
cells and IL-10R impaired IL-10"*¢ CD4" T cells were isolated from spleen of aCD3-treated IL-
10°°"F x Foxp3™F" reporter mice or IL-10°°"F x Foxp3™" IL-10R DN mice (IL-10R
impaired). IL-10-producing CIR rich were co-transferred with IL-10M*¢ CD4" T cells or IL-10R
impaired IL-10"% CD4" T cells and colitis development was assessed by endoscopic colitis
score 3 weeks upon transfer (IL-10Neg n=9; IL-10Neg IL-10R impaired n=6; IL-10Neg+CIR-
rich n=6; IL-10Neg IL-10R impaired + CIR-rich n=5; lines indicate mean +/- SEM). Results are
cumulative of three independent experiments. One-way ANOVA (post-test Tukey) was used
to calculate significance. B) IL-10-producing Foxp3“®® CIR rich and CIR poor cells were
isolated from spleen of aCD3-treated IL-10°¢"" x Foxp3™ " reporter mice. Cells were re-
stimulated with plate-bound aCD3 antibody and soluble CD28 antibody for 72 hours. IL-10%¢"
expression was assessed as well as cytokine concentration in the cell supernatant. Data are
cumulative of four independent experiments. Mann Whitney test was used to calculate
significance.
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Supplementary Figure 7. Analysis of activation markers in single cell sequencing and
FACS data. A) -SNE analysis of single cell RNA sequencing of IL-10-producing cells
(including Foxp3" cells) isolated from spleen of aCD3-treated IL-10°°"" x Foxp3™ " reporter
mice. Expression of indicated genes within cells of {~-SNE analysis. Cluster 1 is enriched for
CIR rich cells (see Figure 5). B) Transcripts per million (tpm) of indicated activation markers
in transcriptome analysis of FACS-sorted CIR rich and CIR poor cells isolated from spleen
from aCD3-treated IL-10°®F" x Foxp3™<F" reporter mice. C) Protein expression of CD62L and
CD44 was analysis by flow cytometry in IL-10-producing Foxp3"“¢ CIR rich and CIR poor cells
isolated from spleen of aCD3-treated IL-10°®" x Foxp3™" reporter mice. Data are cumulative
of two independent experiments.
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Supplementary Figure 8. Gating strategy used for analysis of LXRaKO and WT CD4" T

cells. Representative gating strategy of indicated populations is depicted in red as used in
Figure 5D.
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Supplementary Figure 9. Expression analysis of 10X single cell RNA sequencing of
human IL-10-producing CD4" T from PBMCs. A) Expression of highly variable genes in
every cell in each cluster from donor 1 and 2. B) Expression of highly variable genes in every
cell in each cluster from donor 3. C) Expression of FOXP3 in Cluster 1-7 from donor 3.
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Supplementary Figure 10. CD49b/LAG-3 expression is strongly enriched within the IL-
10-producing CD25"°" CIR rich subpopulation and FOXP3* Treg cells are not
contaminating CD25"°" memory CD4" T cells. A) Analysis of CD49b/LAG-3 co-expression
in IL-10-producing CIR rich and CIR poor subpopulations in indicated organs. Sensitivity and
specificity was calculated for indicated marker combinations in IL-10-producing CD25"° CD4*
T cells derived from SEB-stimulated PBMCs of healthy donors. B) Gating strategy of IL-10-
producing CD25"°" CD4" T cells, CD49b/LAG-3 co-expression and expression of FOXP3 in
CD4" T cells isolated from PBMCs of healthy donors, re-stimulated overnight with SEB.
Expression of indicated markers in IL-10-producing and IL-10 negative CD4+ T cells isolated
from PBMCs of healthy donors, re-stimulated overnight with SEB. C) PBMCs were isolated
from healthy donors (n=8) and stimulated overnight with SEB. IL-10-producing CD25"*" CIR
rich and CIR poor cells were identified using viSNE analysis as displayed in Figure 6B. IL-10
protein levels were assessed within those populations. Data are cumulative of 4 different
experiments. D) PBMCs were isolated from healthy donors and re-stimulated overnight with 1
pug/ml SEB. CD4" T cells were enriched using CD4 MACS-beads before sorting. IL-10-
producing CD25"°" CIR rich and CIR poor cells were isolated using FACS. mRNA expression
of NR1H3 normalized to HPRT from three independent experiments is shown.



Patient information

Controls (n=18) UC-remission (n=2) |UC-active (n=22) CD-remission (n=5) |CD-active (n=9)
Sex (F/M) 9/9 2/0 9/13 2/3 5/4
Age (years)* 54.5 +/- 18.1 39 +/- 25.5 42.8 +/- 15.03 43.4 +/-12.7 31.4 +/-12.8
Involvement UC
left-sided 5
Distal 11
Pancolitis 3
Involvement CD
Sl 3
Colon 5
Sl + colon 1
* mean +/- SD
correlation total IL-10+ cell correlation age and
and CIR rich CIR rich
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Supplementary Figure 11. Patient information and correlation between CIR rich cells
and IL-10 expression and CIR rich cells and age in healthy controls.




