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Crohn’s disease (CD) is a chronic inflammatory disease predominantly affecting the
terminal ileum. The ~200 CD-risk loci identified by genome-wide association studies are
enriched for genes involved in T-cell signaling, highlighting the importance of T cells in CD
pathology.12 It is crucial to study T cells in their disease-relevant context, namely the
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intestinal mucosa. Although human single-cell atlases are in development,3 location-and
disease-specific single-cell RNA sequencing (scRNAseq) datasets are still scarce. In this
study, we used scRNAseq of disease-relevant cells to examine pathomechanisms and
identify potential drug targets on a cellular level in CD.

We performed flow cytometry and scRNAseq of 5292 CD3-positive T lymphocytes isolated
from peripheral blood (PBLs) and ileal biopsy specimens from 3 patients with CD with mild
to moderate disease activity (Figure 1, step 1). Biopsy specimens were dissociated and
separated into intraepithelial T lymphocytes (IELs) and lamina propria T lymphocytes
(LPLs).# Then, we integrated T-cell transcriptomes with genome-wide association study CD-
risk loci and drug-target identification resources. Through a literature search and online
database analysis, we identified 179 CD-risk genes and 2712 drug-target genes that we
aligned to differentially expressed genes. Then, we selected genes encoding proteins targeted
by drugs currently available for (clinical trials in) humans (Supplementary Methods).

After quality control, 4070 T cells remained for analysis. These cells expressed 966 genes
per cell, on average, and 41,134 distinct genes in total (Figure 1, step 2). IELs, LPLs, and
PBLs showed markedly different expression profiles (Supplementary Figure 1 and
Supplementary Table 1).

Unsupervised clustering of sScRNAseq data identified 6 distinct T-cell types that have
different distributions in IELs, LPLs, and PBLs: cytotoxic T lymphocytes (CTLs) dominate
IELs, quiescent T cells dominate the PBL reservoir, and T-helper 17 (Th17) cells dominate
LPLs (Figure 1, step 3). In peripheral blood, T-regulatory (Treg) cells intermixed with
effector T cells (effector/Treg cells) and quiescent T cells (Treg/quiescent cells). Treg/
quiescent cells also were present among IELs and LPLs. Among IELs and LPLs, we
identified a cluster of cells of a previously undefined cell type characterized by expression of
CD3and REG1A/B and confirmed this with immunofluorescence staining. All T-cell
subtypes were present in all patients.

Strikingly, all cell-subtype clusters consisted of epitopic CD8aB-positive and -negative cells.
Moreover, CD8A and CD8B transcripts were expressed in epitopic CD8a-positive and -
negative cells, which was confirmed in a publicly available naive CD4* T-cell sScRNAseq
dataset.

Using permutation analysis, we found that IELs and LPLs expressed significantly more CD-
risk genes than expected by chance (£ =.00389 and P <.00001, respectively), suggesting
that cells within these compartments play a role in CD inflammation.2 PBLs were not
enriched for CD-risk gene expression (P=.45954). Th17 cells showed the largest number of
over-expressed CD-risk genes and were most specifically enriched for CD-risk gene
expression (P< .00001). Mucosal CTL and Treg/quiescent and peripheral blood effector/
Treg cells also were significantly enriched for CD-risk gene expression (P=.0278, P =.
02477, and P =.00081, respectively).
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We investigated which drug targets are expressed by Th17 cells and CTLs, cell types with
well-characterized expression signatures that play a central role in CD pathogenesis (Table
1). Th17 cells showed up-regulation of /L17A, whose gene product is targeted by
secukinumab. /TGAE, whose gene product is targeted by etrolizumab, was upregulated in
mucosal CTLs. SIPR5, up-regulated in peripheral blood CTLs, is a known drug target for
ozanimod. Potential targets for drug repositioning include PDE4D in mucosal Th17 cells, a
target for apremilast, under investigation for treatment of ulcerative colitis; /7GBZ2in
peripheral blood CTLs, a target for lifitegrast, approved for keratoconjunctivitis sicca; and
ALOX5APIn mucosal CTLs, a target for fiboflapon, under investigation for asthma.

Discussion

We have demonstrated that multiple ileal mucosal T-cell subtypes and 1 peripheral blood T-
cell subtype from patients with CD are enriched for CD-risk gene expression. T-cell
subtypes known to be involved in CD pathogenesis provide promising targets for future cell
type-specific therapies in patients with CD. A limitation of our study is the small sample,
which might decrease the amount of variation covered. However, most cell type-specific
gene expression signatures remained after correcting for inter-individual differences.
Because location-and disease-specific SCRNAseq data are still limited, detailed datasets like
ours are an important reference for furthering our understanding of the molecular processes
leading to health and disease and identifying potential targets for drug development.
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3 Crohn's disease patients

Peripheral blood Intestinal mucosal biopsies
EDTA
' Collagenase
IEL
Step 1 FACS for TCRap+ AND CD3+ cells
2604 PBL 1344 IEL 1344 LPL Total 5292
Step 2 scRNAseq + quality control
2202 PBL 994 |EL 874 :LPL Total 4070
Step 3 Clustering + differential expression analysis
Quiescent Treg.fqluiescent effector/Treg Treg/quiescent REGIA/1B T Treg!q.ljlescent Thi? REGIA/TB
y = ™ TN
| 'Nc-gg; \ (@ TNCI-%;%'S / ecz'?z\’ ;‘/GGZ‘_'&,‘?\ ,\ u_zr fH'Fd / :g:; /G-(ﬁg:?;\ 412' ’F'F‘\‘ f %;; \
‘fi;;’r ) i ccu»s_/ cas / e m““/
Total (CDBaR+) 919 (248) 229 (5?} 803(167) 251 f;a} 5?9 (347} 334 (m 17.(5) 64 {35} 14 {1) 207 {50] 636(210)  17(6)
Figurel.

Experimental flowchart. EDTA and collagenase are treatments used to isolate IELs and
LPLs, respectively. T-cell subtype characterization was performed as described in the
Supplementary Methods. The number of epitopic CD8agB-positive T cells measured by flow
cytometry is presented within brackets. FACS, fluorescence-activated cell sorting; TCR, T-
cell receptor.
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