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Abstract

IL-17A+ CD8+ T-cells, often referred to as Tc17 cells, have been identified at sites of
inflammation in several immune-mediated inflammatory diseases including psoriasis and
spondyloarthritis. Whilst much of our understanding of IL-17A+ CD8+ T-cells has been
discerned from murine studies, human IL-17A+ CD8+ T-cells remain less-well characterised.
We optimised an in vitro polarisation protocol to expand human IL-17A+ CD8+ T-cells from
PBMC or bulk CD8+ T-cell populations for phenotypic and functional assessment. We show
that T-cell activation in the presence of IL-13 and IL-23 significantly increased the frequencies
of IL-17A+ CD8+ T-cells, which was not further enhanced by the addition of IL-6, IL-2 or anti-
IFNy mAb. In vitro-generated IL-17A+ CD8+ T-cells from healthy donors displayed a distinct
type-17 profile compared with IL-17A- CD8+ T-cells, as defined by transcriptional signature
(IL17A, IL17F, RORC, RORA, MAF, IL23R, CCR6, CXCRS6); high surface expression of
CCR6 and CD161; and polyfunctional production of IL-17A, IL-17F, IL-22, IFNy, TNFa and
GM-CSF. A significant proportion of in vitro-induced IL-17A+ CD8+ T-cells expressed
TCRVa7.2 and bound MR1 tetramers, indicative of a MAIT CD8+ T-cell population. Using an
IL-17A secretion assay, we demonstrate that the in vitro-generated IL-17A+ CD8+ T-cells
were biologically functional and induced pro-inflammatory IL-6 and IL-8 production by
synovial fibroblasts from patients with psoriatic arthritis. Collectively, we report an in vitro
culture system to expand IL-17A+ CD8+ T-cells and further characterise their phenotype,

transcriptional regulation and functional relevance to human health and disease.
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Introduction

Interleukin-17A (IL-17A) was originally identified as an effector cytokine produced by T-helper
(Th) CD4+ T-cells (1) and together with fellow family member IL-17F, has come to
characterise a distinct lineage termed Th17 cells. Multiple studies have described the factors
and conditions that drive the differentiation of murine and human Th17 cells as well as their
involvement in both host-protective and pathological immune responses (2, 3). Additionally,
robust evidence implicates IL-17A (either independently or synergistically with other pro-
inflammatory mediators (4, 5)) to have a pivotal function in the pathogenesis of immune-
mediated inflammatory diseases such as psoriasis, psoriatic arthritis (PsA) and axial

spondyloarthritis for which IL-17A is now a therapeutic target (6, 7).

In vivo and in vitro studies have highlighted IL-17A production is not restricted to Th17 cells;
instead, a collection of conventional, unconventional T-cells and innate-like cell types may
serve as alternative sources of IL-17A and IL-17F either in health or disease-relevant tissues
(reviewed in (8, 9)). In particular, IL-17A+ CD8+ T-cells, often referred to as Tc17 cells, are
known to share phenotypic and functional features of Th17 cells (reviewed in (10)). This
includes expression of the lineage-committing transcription factors retinoic acid-receptor
(RAR)-related orphan receptor (ROR)yt and musculoaponeurotic fibrosarcoma (c-MAF),
surface expression of the typical type-17 markers CD161, CCR6 and IL-23R, and
concomitant expression of Th17 (IL-17A, IL-17F, IL-21, IL-22 and granulocyte macrophage
colony-stimulating factor (GM-CSF)) and cytotoxic CD8+ Tc1 (interferon (IFN)y and tumour
necrosis factor (TNF)a) related cytokines. The presence of these Tc17 cells has been
described at different tissue sites in a variety of human infectious, autoimmune and
inflammatory diseases, including tuberculosis (11), multiple sclerosis (12), inflammatory
bowel disease (13) and psoriasis (14—16). We have also previously identified an enrichment
of Tc17 cells in the joints of PsA patients that correlated with disease activity measures (17,
18). Whilst phenotypic and transcriptomic profiles of Tc17 cells derived ex vivo from patients
with inflammatory disease have been reported, functional studies remain limited due to the
relative paucity of these cells (19, 20). In vitro expansion of Tc17 cells could overcome this

limitation and allow phenotypic and functional studies of this cell population.
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To date, several murine in vitro studies have demonstrated that Tc17 cell differentiation can
be achieved by applying Th17 polarising protocols, largely inclusive of a combination of
transforming growth factor (TGF), IL-6, IL-1p3, IL-21, IL-23, anti-IL-4 and anti-IFNy (reviewed
in (10)). Analogous to Th17 cells, murine Tc17 cells were shown to be a heterogeneous
population including non-pathogenic and pathogenic subtypes, the latter typically defined by
enhanced cytotoxicity with dual IL-17 and IFNy expression promoted by IL-23 (21). However,
few studies have described factors driving human Tc17 cells. The small collection of studies
thus far offers a consensus in that IL-1p3, IL-6, IL-23 without or with TGF and anti-IFNy can
direct Tc17 cell responses (11, 13, 22-26). In addition, evidence for involvement of cellular
drivers comes from reports that activated monocytes from tumour sites rather than non-
tumour tissues more potently induced IL-17A+ CD8+ T-cells in vitro (27), and that pleural
mesothelial cells from patients with tuberculosis infection significantly enhanced IL-17

production by patient blood-derived CD8+ T-cells, in a cell-cell contact-dependent manner

(11).

Mucosal-associated invariant T (MAIT) cells are an innate-like T-cell subset defined by high
expression of CD161 and their semi-invariant af T-cell receptor (TCR) restricted to Va7.2-
Ja33/Ja12/Ja20 (28). Expression of TCRVa7.2 restricts MAIT cells to the non-polymorphic
MHC class |Ib molecule MHC-related protein 1 (MR1), which presents microbial-derived
metabolites of riboflavin (vitamin B2) biosynthesis including 5-(2-oxopropylideneamino)-6-
ribitylaminouracil (5-OP-RU) (29). These unconventional T-cells are abundant in human
tissues such as the gut and liver as well as in peripheral blood where they are predominantly
CD8+ (enriched for CD8aa). Owing to their innate-like capacity, MAIT cell activation is elicited
through either a TCR-dependent, TCR-independent, or synergistic manner, with the local
cytokine milieu purportedly enhancing their effector function (30, 31). This innate-like
functionality and particularly, a type-17 program is imparted by expression of the transcription
factor promyelocytic leukemia zinc finger (PLZF) in MAIT cells as well as in other
unconventional T-cells (32, 33). Subsequently, MAIT cells can express several type-17
associated markers including IL-23R, CCR6, RORyt and are potent producers of IL-17A and
IL-17F that, together with IFNy, TNFa and granzymes, rapidly orchestrate protective anti-
microbial responses (reviewed in (34)). Moreover, and akin to classical Tc17 cells, MAIT cells
(notably of a type-17 phenotype) have also been implicated in several inflammatory diseases

including psoriasis and spondyloarthritis (35-37).
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The accumulating evidence for the presence of Tc17 cells in human inflammatory diseases
together with the relative paucity in knowledge regarding their induction and function provides
a strong rationale for detailed characterisation of these cells. Here, we describe a protocol to
polarise and increase the frequency of human IL-17A+ and IL-17F+ CD8+ cells from either
human PBMC or purified CD8+ T-cells, and we report their phenotypic and transcriptional
profile. Furthermore, we provide evidence that human in vitro-induced IL-17A+ CD8+ T-cells
are bioactive and elicit disease-relevant pro-inflammatory responses from PsA patient-
derived synovial fibroblasts, suggestive of a functional role of these cells in PsA joint

inflammation.

Materials and Methods

Samples and cell isolation

Human peripheral blood samples were obtained from healthy adult volunteers at King's
College London following written informed consent (Research Ethics Committee (REC)
references 06/Q0705/20 and 17/LO/1940). Peripheral blood mononuclear cells (PBMC) were
isolated by density gradient centrifugation using Lymphoprep™ (Axis-Shield). CD8+ T-cells
were negatively isolated from PBMC by magnetic separation using the EasySep Human
CD8+ T-Cell Enrichment Kit (Stemcell Technologies; average purity 93%, n=16).

Synovial fibroblast cell lines were derived from patients with PsA. Some lines were kindly
provided by Professor Anca Catrina (Rheumatology Unit, Karolinska Institute, Sweden), other
lines were generated in-house from PsA synovial membrane tissue obtained during knee
replacement surgery at Guy’'s Hospital Rheumatology Department (REC reference
07/H0809/35). In brief, to isolate synovial fibroblasts, tissue explants were cultured as 1-2mm?3
pieces in plates coated with 0.1% bovine gelatin (Sigma-Aldrich) with DMEM (ThermoFisher
Scientific) supplemented with 20% heat-inactivated fetal calf serum (FCS), 1%
penicillin/streptomycin, 2% L-glutamine and 1mg/mL amphotericin B (all ThermoFisher
Scientific). Tissue explants were incubated at 37°C in an atmosphere of 5% COg;
supplemented DMEM medium was replenished every 3 days. Synovial fibroblasts that had

migrated out of the synovial tissue were collected and maintained in T175 flasks for cell line
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generation. Fibroblasts were passaged with1X trypsin (Sigma-Aldrich) once they reached

80% confluency and were used in cultures when between passages 3-7.

In vitro type-17 polarisation

For induction of IL-17+ CD8+ T-cells, freshly isolated or cryopreserved human PBMC or
purified CD8+ T-cells (1x10°) were cultured in complete culture medium (RPMI 1640 (Gibco)
supplemented with 10% FCS, 1% penicillin/streptomycin/L.-glutamine) at 37°C in an
atmosphere of 5% COz. Cell cultures were stimulated for 3 days with either 100 ng/mL soluble
or 1.25 pg/mL immobilised (plate-bound) anti-CD3 mAb (clone OKT3, BiolLegend) in
combination with 1 pg/mL soluble anti-CD28 mAb (clone CD28.2, BD Biosciences) in the
absence or presence of human recombinant (hr) IL-1B (10 ng/mL, Peprotech) and hrlL-23 (20
ng/mL, R&D systems). In some experiments, hrlL-6 (20 ng/mL), hrIL-2 (20U/mL, both
Peprotech), neutralising anti-IFNy or isotype control (mouse IgG2b, both 5 ug/mL, R&D
Systems) were added to cultures. Cell culture supernatants were collected on day 3 before

cells were restimulated with PMA/ionomycin without or with GolgiStop.

Flow cytometric analysis

For intracellular cytokine staining, PBMC or CD8+ T-cells were stimulated, either ex vivo or
following 3-day culture, with PMA (50 ng/mL) and ionomycin (750 ng/mL, both Sigma-Aldrich)
for 3 hours at 37°C in the presence of GolgiStop (monensin, according to manufacturer’s
recommendation, BD Biosciences). Cells were washed and labelled with fixable viability dye
(LIVE/DEAD eFlour780, eBioscience) for 15 min at 4°C. PBMC samples were then FcR-
blocked using 10% human AB serum (Invitrogen) in FACS buffer for 15 min at room
temperature (RT). Where applicable, cells were stained with human MR1-5-OP-RU or MR1-
6-FP (supplied by the NIH Tetramer Core Facility) for 40 min at RT followed by incubation at
4°C for 30 min with a combination of mAbs against cell surface markers including: CD8,
CD14, CD19, CD161, CCR6, and TCRVa7.2 (full details described in Supplementary Table
1). Cells were fixed with 2% paraformaldehyde for 15 min at RT then permeabilised using
0.5% saponin (Sigma-Aldrich) and stained for 30 min at 4°C for the following intracellular
markers: CD3, CD4, IL-17A, IL-17F, IFNy, TNFa, GM-CSF, granzyme A and B (full details in
Supplementary Table 1). Samples were acquired using either a FACS Canto Il or

LSRFortessa (BD Biosciences) and data were analysed using FlowJo software (v10.7.1,
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TreeStar Inc.). CD8+ T-cells were gated as shown in Supplementary Figure 1. FM control
stainings were used to aid determination of cytokine-expressing cell populations. Boolean
gating strategy of IFNy, TNFa and GM-CSF expression by IL-17A+ Va7.2- CD8+ and IL-17A+
Va7.2+ CD8+ T-cell subsets was imported into SPICE software (v5.1) for visualisation of cells

expressing polyfunctional or monofunctional cytokine combinations.

IL-17A cytokine secretion assay (CSA)

For transcriptional and functional assessments, IL-17A-producing CD8+ T-cells were isolated
post-polarising culture using an IL-17A cytokine secretion assay (Miltenyi Biotech, according
to manufacturer's recommendations) combined with FACS sorting. Purified CD8+ T-cells
were cultured for 3 days with plate-bound anti-CD3 and soluble anti-CD28 mAbs in the
presence of hrlL-18 and hrlL-23. After 3 days, cells were re-stimulated with PMA (50ng/mL)
and ionomycin (750ng/mL) for 1.5 hours before cells were counted with trypan blue. Cells
were washed then resuspended in cold complete culture medium and labelled with the IL-
17A catch reagent for 5 min on ice. Cell suspension was diluted with warm complete culture
medium and incubated in a continuous motion using the MACSmix rotator (Miltenyi Biotec)
for 45 min at 37°C (5% COz2) to allow secretion and capture of IL-17A on the cell surface-
bound catch antibody. After cells were washed with cold PBS containing 0.5% EDTA, they
were labelled for viability, CD3, CD4, CD8 (with CD19 as an exclusion marker) as well as the
IL-17A detection antibody (PE or APC conjugated) for 20 min on ice. Once washed, IL-17A-
secreting (IL-17A+) and non-IL-17A-secreting (IL-17A-) CD8+ T-cells were immediately
FACS sorted on a BD FACS ARIA II. In some experiments, mAbs against the semi-invariant
TCR Va7.2 (with pan yd0TCR and CD56 as exclusion markers) were included in the panel to
sort IL-17A+ Va7.2- and IL-17A+ Va7.2+ cells from CD8+ T-cell cultures. Sorted T-cell
subsets were either stored in TRIzol® Reagent (ThermoFisher) at -80°C for later gPCR array
analysis or used directly for functional assessments. For the latter, sorted T-cells were either
added to fibroblasts as described below or cultured for 20 hours at 37°C (5% COz2) in complete

culture medium for supernatant generation.

PsA synovial fibroblast co-cultures
PsA synovial fibroblasts were seeded (1x10* per well) in a flat-bottomed 96-well plate in
supplemented DMEM medium and incubated for 24 hours at 37°C (5% COz2). Following


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

supernatant removal, fibroblasts were cultured in supplemented DMEM in the absence or
presence of 20% (v/v) cell culture supernatants from FACS-sorted CD8+ T-cell populations
for a further 24 hours, after which supernatants were collected and analysed for IL-6 and IL-
8 production. Alternatively, fibroblasts were co-cultured for 24 hours with CSA-FACS sorted
IL-17A+ or IL-17A- CD8+ T-cells at a 1:2.5 fibroblast to T-cell ratio, in the absence or presence
of anti-IL-17A mAb (secukinumab, Novartis) and/or anti-TNFa blocking antibodies
(adalimumab, Abbott Laboratories) or isotype control mAb (all human IgG1 and added at
5ug/mL).

Cytokine detection

The presence of IL-17A in T-cell culture supernatants and of IL-6 and IL-8 in fibroblast culture
supernatants was quantified by ELISA according to manufacturer instructions (deluxe or
standard kits, respectively, all BioLegend). Plates were read at 450 nm using a Spark 10M
(Tecan). Cytokine secretion profiles of supernatants from FACS-sorted IL-17A+ Va7.2- CD8+,
IL-17A+ Va7.2+ CD8+ and IL-17A- CD8+ T-cell subsets were assessed by custom magnetic
Luminex (Bio-Techne). Luminex plates were analysed on a Luminex FlexMap 3D platform.
IL-17A and IL-17F were measured on separate assay plates due to the cross-reactivity of the
magnetic beads with IL-17AF.

RNA extraction and cDNA synthesis

Total RNA was extracted from healthy donor CSA-FACS sorted IL-17A+ CD8+ and IL-17A-
CD8+ T-cell subsets (4,175 — 43,856 cells or 1x10° cells, respectively) using the TRIzol®
Reagent phenol-chloroform extraction method in combination with Phasemaker tubes
(ThermoFisher). To increase total RNA precipitation, during the isopropanol step, samples
were kept at -80°C for 24 hours and 1 ul GlycoBlue™ Coprecipitant (ThermoFisher) was
added. RNA yield and integrity (mean RIN = 8.9) were assessed by Bioanalyzer (Waterloo
Genomics Centre, KCL) and RNA was stored short-term at -80°C. Amount of RNA input for
complementary DNA (cDNA) transcription was standardised within donor paired samples by
adjusting RNA concentrations to the total extracted from the IL-17A+ CD8+ T-cell subset
(range 30.2ng — 213.0ng). First-strand cDNA synthesis was performed as a 20 pl reaction
using the LunaScript® RT SuperMix Kit (NEB, following the manufacturer’s protocol) and

cDNA was stored short-term at -20°C before transcriptional assessment.
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Quantitative real-time polymerase chain reaction (RT-qPCR)

Gene expression profiles of in vitro-generated IL-17A+ CD8+ and IL-17A- CD8+ T-cells were
assessed by bespoke TagMan® gPCR array (all 96 primer assays including 3 endogenous
controls and 93 targets, were selected from ThermoFisher, details listed in Supplementary
Table 2). Array cards and sample cDNA templates were prepared according to
manufacturer’'s instructions using the TagMan® Fast Advanced PCR Master Mix
(ThermoFisher). RT-gPCR was performed using a QuantStudio™ 7 Flex System (Applied
Biosystems) with the following amplification conditions: hold at 50°C for 2 min then hold at
92°C for 10 min followed by 40 cycles of 95°C for 1 sec and 60°C for 20 sec. Housekeeping
genes 18S ribosomal RNA (78S), beta-2-microglobulin (B2M) and peptidylprolyl isomerase A
(PPIA) were screened for stability using the web-based tool RefFinder and R-based package
NormFinder. Expression of each target gene was normalised to the expression of B2M and
PPIA within a sample, performed using the comparative threshold cycle (Ct) method
calculated as: ACt = Ct(gene of interest) - Ct(geometric mean B2M + PPIA). Ct was defined
as 40 for the ACT calculation when the signal was under detectable limits. The relative fold
change in target mMRNA expression levels was assessed in IL-17A+ CD8+ versus IL-17A-
CD8+ T-cells and calculated with the formula 2-22€T where for a given gene AACT = ACt(IL-
17A+) — ACt(IL-17A-).

Data analysis and statistical testing

Graphs were constructed and statistical tests performed using GraphPad Prism v9.1. Sample
sizes with n<8 or when the population assumed a non-normal distribution were tested non-
parametrically using a Wilcoxon signed-rank matched pairs test. Data sets with n>8 were
tested for normality using the D’Agostino and Pearson omnibus normality test then tested for
significance using the appropriate parametric or non-parametric test as stated in the figure
legends. For transcriptional data analysis, undetectable genes (ZBTB32 and CD5L) were
filtered from initial principal-component analysis and heatmap generation; both were
computed in R using prcomp and pheatmap functions. Genes that were identified to have
very low/negligible expression in both IL-17A+ CD8+ and IL-17A- CD8+ T-cells with reference
to the geometric mean of CD4 normalised expression, were excluded from statistical testing
and relative fold change analysis (IL17B, IL17C, IL17D, IL25, IL17RC and CCR9). Differential


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

statistical analysis was performed on normalised expression values using a parametric paired
Student’s t-test with Holm-Sidak multiple comparisons test with adjusted p-values (p<0.05)

reported.

Results

Human peripheral blood IL-17+ CD8+ T-cells are detected at low frequencies ex vivo

and can be expanded in vitro in the presence of IL-18 and IL-23

We first sought to determine the ex vivo frequencies of IL-17A+ and IL-17F+ CD8+ T-cells in
human peripheral blood. Freshly isolated or cryopreserved healthy donor PBMC were
stimulated for 3 hours with PMA/ionomycin in the presence of GolgiStop followed by
intracellular cytokine staining. CD8+ T-cells were gated as shown in Supplementary Figure
1A. Low frequencies of IL-17A+ cells (median 0.08%), and very low frequencies of IL-17F+
cells (median 0.007%), were detected within the CD8+ T-cell population ex vivo (Figure 1A,
B). In contrast, higher frequencies of IL-17A+ and IL-17F+ cells were detected in peripheral

blood CD4+ T-cells (median 0.75% and 0.04%, respectively, Supplementary Figure 2A, B).

To investigate whether IL-17+ CD8+ T-cells could be expanded in vitro, freshly isolated or
cryopreserved PBMC from healthy donors were stimulated using plate-bound or soluble anti-
CD3 mAb with soluble anti-CD28 mAb in the absence or presence of the well-established
human Th17-promoting cytokines IL-13 and IL-23. After 3 days, cells were re-stimulated with
PMA/ionomycin and Golgistop for intracellular cytokine assessment by flow cytometry (CD8+
T-cell gating strategy shown in Supplementary Figure 1B). Frequencies of IL-17A+ and IL-
17F+ cells were significantly increased when PBMC were cultured in the presence of IL-13
and IL-23, as compared with cell cultures with only anti-CD3/CD28 stimulation (3.2-fold and
7-fold higher respectively, both p<0.0001) (Figure 1C, D). As expected, culturing PBMC
under type-17 polarising conditions led to a significant increase in IL-17A+ and IL-17F+ CD4+

T-cells also (p<0.0001, Supplementary Figure 2C, D).
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In vitro induction of IL-17+ CD8+ T-cells upon anti-CD3/CD28 stimulation in the
presence of IL-1f and IL-23 is not further enhanced by addition of IL-6, IL-2 or anti-IFNy

Given that the presence of other immune cell subsets in whole PBMC cultures may have
contributed additional type-17 promoting and/or inhibitory factors, we next sought to directly
explore the effect of IL-13 and IL-23 upon IL-17A+ CD8+ T-cell induction. For this, CD8+ T-
cells were purified by magnetic bead separation from freshly isolated healthy donor PBMC
and cultured for 3-days with plate-bound anti-CD3 and soluble anti-CD28 mAbs in the
absence or presence of IL-1B and IL-23 (purity assessment and representative gating
strategy shown in Supplementary Figure 1C, D). Akin to whole PBMC cultures, a statistically
significant increase in IL-17A+ cells was observed when CD8+ T-cells were stimulated in the
presence of type-17 polarising cytokines as opposed to anti-CD3/CD28 stimulation alone
(median 1.44% versus 0.28%, 5.1-fold increase, p=0.0005,) (Figure 2A). This was confirmed
at the cytokine secretion level, with significantly elevated levels of IL-17A detected in cell
culture supernatants of CD8+ T-cells cultured under type-17 polarising conditions (469 pg/mL

versus 99 pg/mL, 4.7-fold increase, p=0.0313) (Figure 2B).

Previously, human and murine studies have shown that IL-6 can promote Th17 and IL-17A+
CD8+ T-cell polarisation, whilst IFNy can antagonise this (38, 39). However, the addition of
hrIL-6 or of IFNy blocking antibodies to our purified CD8+ T-cell culture system did not further
increase the frequency of IL-17A+ cells or the production of IL-17A by CD8+ T-cells (Figure
2C-E). Addition of hrlL-2 and extending the culture system to 6 days also did not achieve any
further consistent additive effect on the frequency of induced IL-17A+ CD8+ T-cells

(Supplementary Figure 3).

In vitro-induced IL-17A+ CD8+ T-cells are characterised by a core type-17

transcriptional and phenotypic signature

We next sought to determine whether human in vitro-generated IL-17A+ CD8+ T-cells display
a type-17-related gene profile compared with IL-17A- CD8+ T-cells. For this, after polarising
culture, highly pure IL-17A-secreting (IL-17A+) and non-IL-17A-secreting (IL-17A-) CD8+ T-
cells were FACS sorted using an IL-17A cytokine secretion assay (CSA) (representative

gating strategy shown in Supplementary Figure 4A). Accuracy of the combined CSA-FACS
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sorting method was validated by assessment of secreted IL-17A in cell culture supernatants
from sorted IL-17A+ and IL-17A- CD8+ T-cell subsets, as well as by determining expression
of CD8A, CD8B and CD4 for each population (Supplementary Figure 4B, C).

We investigated the expression of a broad range of type-17 associated genes using a
bespoke qPCR array. First, we applied principal-component analysis (PCA) to globally
evaluate transcriptomic profiles of the sorted in vitro-induced T-cell subsets. IL-17A+ CD8+
T-cells from all 7 independent donors clustered separately from IL-17A- CD8+ T-cells (upper
panel Figure 3A). Several hallmark type-17 genes were identified among the top 20 genes
that contributed to component 1, which accounted for most of the variation described by the
PCA plot (PC1, 47.3%) (lower panel Figure 3A). Heatmap analysis further highlighted that a
type-17-related gene signature was enriched in all donor IL-17A+ versus IL-17A- CD8+ T-
cells (Figure 3B). Quantitative assessment deduced that a total of 29/85 genes were
statistically more abundant in in vitro-polarised IL-17A+ versus IL-17A- CD8+ T-cells (select
genes shown in Figure 3C, all 29 listed in Supplementary Table 3). Importantly, a large
proportion of these enriched genes are characteristic of the type-17 program including:
cytokines and chemokines IL17A, IL17F, IL26 and CCLZ20; migratory, lineage-defining and
signalling receptors CCR6, CXCR6, KLRB1 (encoding CD161) and IL23R; as well as
transcription factors RORC, RORA and MAF (encoding RORyt, RORa and c-MAF,
respectively). We also detected slightly increased expression of IL2RA, CTLA4, PDCD1
(encoding programmed cell death 1 (PD-1)) and GZMB in polarised IL-17A+ CD8+ T-cells
versus IL-17A- counterparts. Our analysis did not identify significant differences in mRNA
expression of additional type-17 effector molecules IL21, IL22 and CSF2 (encoding GM-CSF)
or in IFNG or TNF which both displayed high mRNA levels in each T-cell subset. Transcript
levels of TCF7 (encoding T-cell factor 1 (TCF-1) a recently identified murine Tc17 cell
transcriptional regulator (40)) was variable among donor IL-17A+ CD8+ T-cells and not
significantly lower than levels detected in IL-17A- CD8+ T-cells. Evaluation of other T-cell
lineage specific markers namely TBX21 (encoding T-bet), CXCR3, GATA3, FOXP3 and IL10

showed no selective expression in either subset.

We identified 25/29 IL-17A+ CD8+ T-cell signature genes to be differentially expressed with
a relative fold change >1.5 compared with IL-17A- CD8+ T-cells (Figure 3D) and observed
IL17A and IL17F were the most significantly differentially regulated genes (9.18-fold and 5.86-
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fold, respectively, both p<0.0001). Expression levels of IL-23 and IL-13 cognate receptor
subunits IL23R and IL1R1 were also significantly increased (3.43-fold, p<0.0001; and 1.94-
fold, p<0.05, respectively) in IL-17A+ compared with IL-17A- CD8+ T-cells. ZBTB16
(encoding PLZF), which was identified as the leading PC1 parameter in our primary PCA
analysis, was further revealed as a signature type-17 gene differentially expressed in in vitro-
generated IL-17A+ CD8+ T-cells (3.29-fold, p<0.01).

We confirmed the molecular data for the type-17 T-cell markers CCR6 and CD161 at the
protein level by flow cytometry, which showed that a high proportion of in vitro-induced IL-
17A+ CD8+ T-cells co-expressed CCR6 and CD161 on their surface (median 88.1% and
93.4%, respectively), as compared with a much lower proportion of IL-17A- CD8+ T-cells
(median 10.6% and 18.7%, respectively) (Figure 3E, F).

Both IL-17-expressing CD8+ conventional T-cells and unconventional MAIT cells are

induced in vitro upon type-17 polarisation

The transcriptional profiling revealed that in vitro-generated IL-17A+ CD8+ T-cells are
endowed with prototypical type-17 markers however, several genes including ZBTB16,
ABCB1 (encoding multidrug resistance 1 (MDR-1)), IL12RB2, IL18R1, DPP4 (encoding
CD26), GZMB and KLRB1, together with constitutively high surface expression of CD161,
are associated with MAIT cell identity. This prompted us to investigate whether a proportion
of in vitro-generated IL-17A+ CD8+ T-cells were comprised of MAIT cells. We stimulated
PBMC with anti-CD3/CD28 mAbs in the absence or presence of IL-1B and IL-23 and
assessed the expression of the MAIT cell-associated TCRVa7.2. Frequencies of IL-17A+ and
IL-17F+ cells within Va7.2- and Va7.2+ CD8+ T-cells were quantified by intracellular cytokine
staining. This analysis showed that IL-17A+ and IL-17F+ T-cells were significantly increased
under type-17 polarising conditions within both Va7.2- and Va7.2+ CD8+ T-cells as compared
with control conditions (Figure 4A-C). Notably, in all twelve donors tested, the frequencies of
IL-17A and IL-17F expressing cells were significantly greater within Va7.2+ compared with
Va7.2- CD8+ T-cells (median IL-17A+ 0.56% versus 0.18%; IL-17F+ 0.46% versus 0.16%,
both p=0.002).
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Recent literature has shown that TCRVa7.2 bearing T-cells that do not express CD161 are
transcriptionally distinct from CD161" Va7.2+ MAIT cells (41). We therefore sought to further
characterise the Va7.2+ CD8+ T-cell compartment induced under type-17 polarising
conditions by inclusion of CD161 co-stain. Within IL-17A and/or IL-17F expressing CD8+ T-
cells, three populations were defined by TCRVa7.2 and CD161 expression: conventional
Va7.2- T-cells, Va7.2+ CD161+ MAIT cells and Va7.2+ CD161- T-cells. Frequencies of MAIT
cells were the most abundant in in vitro-induced IL-17A+IL-17F-, IL-17F+IL-17A- and IL-
17A+IL-17F+ cells (median 57.7%, 58.6% and 63.5%) followed by conventional Va7.2- CD8+
T-cells (median 34.1%, 28.6%, and 22.3%) (Figure 4D). In contrast, IL-17A and/or IL-17F
producing cells only rarely contained Va7.2+ CD161- CD8+ T-cells (median 2.4%, 0.9%, and
0%). We confirmed this finding using the MR1-5-OP-RU tetramer, which unequivocally
identifies MAIT cells (42). Again, we found that upon type-17 polarisation IL-17A+ and IL-
17F+ cells were induced in both MR1-tetramer™9 conventional CD8+ T-cells and in MR1-
tetramerP°s MAIT cells, with a statistically significant dominance of MAIT cells amongst the IL-
17-expressing cells (Supplementary Figure 5). We investigated if the preferential expansion
of IL-17A+ cells within the MAIT cells was due to increased proliferation of MAIT cells during
the culture period using CTV and Ki67 staining, however no substantive differences were
observed between the MAIT and conventional CD8+ T-cell populations (Supplementary

Figure 6).

In vitro-induced IL-17A+ Va7.2- and IL-17A+ Va7.2+ CD8+ T-cells share a

polyfunctional, pro-inflammatory phenotype

Having identified that unconventional Va7.2+ MAIT cells represented around 60% of IL-17A
and/or IL-17F expressing CD8+ T-cells within in vitro-induced cultures, we sought to compare
whether the IL-17A+ Va7.2- conventional and Va7.2- MAIT CD8+ T-cell subsets displayed
similar cytokine expression profiles. Comparable frequencies of IL-17A+ Va7.2- and IL-17A+
Va7.2+ CD8+ T-cells co-expressed GM-CSF (median 22.8% versus 24.5%), IL-17F (median
48.6% versus 43.6%) and IFNy (median 73.8% versus 78.6%), with only the frequency of
TNFa significantly higher in the IL-17A+ Va7.2+ compared with IL-17A+ Va7.2- CD8+ T-cell
subset (median 80.1% versus 89.9%, p=0.0313) (Figure 5A). Applying a Boolean gating
strategy and the visualisation software SPICE, we explored the mono- and polyfunctional
cytokine profiles of IL-17A+ Va7.2- and IL-17A+ Va7.2+ CD8+ T-cells (Figure 5B, C). This
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revealed that both in vitro-induced IL-17A+ CD8+ T-cell subsets predominantly comprised
polyfunctional cells that express multiple pro-inflammatory cytokines (triple-positive for IL-
17A+IFNy+TNFa+, orange pie segment, or quadruple-positive for IL-17A+IFNy+TNFa+GM-
CSF+, red pie segment). We only observed a statistically significant difference in the
proportion of single-positive IL-17A+ cells which was higher in IL-17A+ Va7.2- compared with
IL-17A+ Va7.2+ CD8+ T-cells (purple pie segment, p=0.0104) (Figure 5B, C). Additionally,
in line with our molecular profile, we found that a high proportion of in vitro-generated IL-17A+
Va7.2- as well as Va7.2+ CD8+ T-cells harboured intracellular protein stores of granzyme B
(n=2, median 94.6% versus 97.9%, respectively) and to a lesser extent granzyme A (n=2,
median 49.1% and 69.4%, respectively) suggestive that both cell types also shared cytotoxic

potential (data not shown).

Using a Luminex® assay, we then measured the production of the cytokines IL-17AA/AF, IL-
17FF/AF, IFNy, TNFa, GM-CSF, IL-21, IL-22 and IL-10 by sorted IL-17A+ Va7.2-, IL-17A+
Va7.2+ or total IL-17A- CD8+ T-cell subsets (representative gating strategies shown in
Supplementary Figures 4A and D). Both conventional Va7.2- and unconventional Va7.2+
IL-17A+ CD8+ T-cells showed production of IL-17AA/AF, IFNy and TNFa (Figure 5D). More
variation was observed in the production of IL-17FF/AF, GM-CSF, IL-22 and IL-10, with
Va7.2+ IL-17A+CD8+ T-cells showing more consistent production of these cytokines than
Va7.2- IL-17A+CD8+ T-cells. Neither subset produced IL-21. In vitro-induced IL-17A- CD8+
T-cell cultures were assessed as a negative control, which showed no production of the type-
17 associated cytokines IL-17AA/AF, IL-17FF/AF, IL-21 and IL-22 but rather secreted IFNy,
TNFa and GM-CSF only.

In vitro-induced IL-17A+ CD8+ T-cells are functional, with capacity to induce pro-

inflammatory cytokine production by PsA synovial fibroblasts

As our final step, we sought to determine the functional contribution of in vitro-induced IL-
17A+ CD8+ T-cells, by investigating their ability to promote clinically relevant pro-
inflammatory cytokine production in an in vitro model of joint inflammation. For this, cell culture
supernatants were collected from in vitro-induced and then CSA-FACS-sorted IL-17A+ or IL-
17A- CD8+ T-cells. Supernatants were added (20% v/v) to synovial tissue fibroblasts from
patients with PsA. After 24 hours, fibroblast culture supernatants were collected for analysis
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of the pro-inflammatory cytokines IL-6 and IL-8. Addition of IL-17A+ CD8+ T-cell culture
supernatant led to a significant increase in IL-6 and IL-8 production by PsA fibroblasts as
compared with fibroblasts cultured in medium alone, whilst no significant increase in either
IL-6 or IL-8 secretion was observed when PsA fibroblasts were cultured in the presence of
IL-17- CD8+ T-cell supernatants (Figure 6A).

We next aimed to determine whether there were differences in these pro-inflammatory
responses when fibroblasts were cultured in the presence of secretory products from in vitro-
induced IL-17A+ Va7.2- conventional or IL-17A+ Va7.2+ MAIT CD8+ T-cells. Addition of
supernatants from either cell type induced a significant increase in IL-6 production compared
with fibroblasts cultured in medium alone. IL-8 levels were significantly increased in the
presence of cell culture supernatant from IL-17A+ Va7.2+ CD8+ T-cells but not from IL-17A+
Va7.2- CD8+ T-cells. Whilst the median IL-6 and IL-8 production was higher in presence of
cell culture supernatant from IL-17A+ CD8+ MAIT cells compared with conventional T-cells
(median 63,700pg/mL versus 29,500pg/mL and 1,500pg/mL versus 280pg/mL, respectively),

this difference did not reach statistical significance (Figure 6B).

IL-17A is known to act synergistically with TNFa to promote pro-inflammatory cytokine
production by stromal cells (4,5). Given our observation that in vitro-induced IL-17A+ CD8+
T-cell subsets actively secreted IL-17A and TNFa (Figure 5), we investigated the effect of
single and dual blockade of these cytokines in co-cultures of PsA fibroblasts and FACS-sorted
in vitro-induced IL-17A+ CD8+T-cells (1:2.5 cell ratio). First, we identified that as with T-cell
supernatants, fibroblasts co-cultured with in vitro-induced IL-17A+ CD8+ T-cells produced
significantly higher levels of IL-6 and |IL-8 compared with fibroblast monocultures (p=0.0001
and p=0.0153, respectively) (Figure 6C). Addition of an isotype control mAb to the co-cultures
did not affect IL-6 or IL-8 production. IL-6 and IL-8 production was lower in the presence of
either secukinumab (anti-IL-17A) or adalimumab (anti-TNFa) and was significantly reduced
upon combined blockade of IL-17A and TNFa (p=0.0153). Collectively, these data
demonstrate that in vitro-induced IL-17A+ CD8+ T-cells and their secretory products are
biologically active, with capacity to significantly increase pro-inflammatory IL-6 and IL-8

production by synovial fibroblasts from patients with PsA.
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Discussion

We report herein that human IL-17A+ and/or IL-17F+ CD8+ T-cells can be expanded in vitro
upon anti-CD3 and anti-CD28 stimulation in the presence of IL-1B and IL-23. These cells are
characterised by typical type-17 phenotype, cytokine and transcriptional profiles.
Furthermore, we demonstrate that in vitro polarisation induces both conventional IL-
17A+CD8+ T-cells as well as unconventional IL-17A+ CD8+ MAIT cells, but that these cell
types have a shared phenotype and are functionally active, with the capacity to drive
biologically relevant pro-inflammatory cytokine production from PsA synovial tissue-derived

stromal cells.

Our study confirms previous reports that detected low ex vivo frequencies of IL-17A+ CD8+
T-cells in healthy human peripheral blood with a rare presence of IL-17F+ CD8+ T-cells (40,
43-46) and adds weight to the few studies that reported on the expansion of human IL-17-
expressing CD8+ T-cells (22, 23). We also demonstrate that equivalent IL-17A+ CD8+ T cell
induction can be achieved using either cryopreserved or freshly isolated PBMC, indicating
that our protocol can be used with bio-banked samples. Kondo et al previously showed a
limited percentage of Tc17 cells (0.11%) were differentiated upon culture of human naive
CD8+ T-cells with anti-CD3/CD28 mAbs in the presence of TGF, IL-6, IL-18 and IL-23 for 5
days and supplemented with IL-2 for a further 4 days (22). Gras et al instead stimulated bulk
CD8+ T-cells with anti-CD3/CD28 mAbs, TGFB and IL-6 for 3 days and measured secreted
IL-17A and IL-17F in culture supernatants by ELISA as readouts of Tc17 induction (23). The
authors reported elevated secretion of IL-17A and IL-17F compared with the control condition
(anti-CD3/CD28 stimulation without TGF-b and IL-6). These studies each tested a very small
sample size (n=2-3) and presented limited assessment on either the frequency or
immunophenotype of IL-17A and/or IL-17F+ CD8+ T-cells. Our in vitro protocol exceeds those
previously detailed since we demonstrate that culturing either PBMC or purified CD8+ T-cells
for 3-days with anti-CD3/CD28 stimulation in the presence of IL-1B and IL-23 yields a
significant, and on average 3-5-fold increase in the frequencies of IL-17A+ CD8+ T-cells
compared with anti-CD3/CD28 stimulated cultures alone. Additionally, we demonstrate a
significant, 7-fold increase in IL-17F+ CD8+ T-cells when PBMC were stimulated in the
presence of IL-1B and IL-23. Recent studies have detailed the use of in vitro polarising

cultures to investigate pharmacological or cytokine directed modulation of Tc17 cell

17


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

responses (13, 26) yet, as with earlier literature, their polarising protocols are not directly
comparable. Li et al. reported a 20-fold increase in Tc17 cell frequency of healthy and
colorectal cancer patient naive CD8+ T-cell cultures upon 7-day culture in IMDM media using
anti-CD3/CD28 mAb stimulation with IL-2, IL-18, IL-6, IL-23, TGFp, anti-IL-4 and anti-IFNy
(26). Whilst Globig et al. reported a maximum induction of ~0.6% IL-17A+ CD8+ T-cells within
healthy donor PBMC cultured with T-cell activator in the presence of IL-1j3, IL-6, IL-23 and
TGFB (13). Neither study performed extensive Tc17 cell immunophenotyping post-culture as
we report here. Compared with the aforementioned human Tc17 protocols, our data from
purified CD8+ T-cell cultures suggest IL-13 and IL-23 were sufficient to induce an increase in
IL-17 expression in human CD8+ T-cells. When our polarising condition was supplemented
with IL-6 or anti-IFNy, we did not observe consistently increased frequencies of IL-17A+ CD8+
T-cells. This is in line with previous studies that showed that IL-6 is not a requirement in
human Th17 cell differentiation and that IFNy neutralisation could either promote or

antagonise Th17 cell polarisation depending on the timing of administration (47, 48).

Transcriptional analysis revealed that our in vitro polarising culture confers a strong type-17
signature in induced IL-17A+ CD8+ T-cells distinct from IL-17A- CD8+ T-cells. This signature
was characterised by high expression of type-17 related genes including IL17A, IL17F,
RORC, RORA, MAF, CCR6, CXCR6, KLRB1 and IL23R, which is concordant with previous
immunophenotyping reports of human Tc17 cells in health and at sites of inflammation (18,
40, 49). Additionally, some of the more novel markers associated with human Th17 and/or
Tc17 cells were found more abundantly expressed in our IL-17A+ CD8+ T-cells including
CTSL, HOPX, MCAM and GPR65 (encoding cathepsin L, homeodomain-only protein
homeobox, melanoma cell adhesion molecule and G protein-coupled receptor 65,
respectively) (50-54); as was CTLA4 (encoding cytotoxic T-lymphocyte associated protein 4)
which has been described as a regulator of murine Tc17 cell differentiation and stability (55).
We were unable to conclude on the expression of IL17B, IL17C, IL17D or IL17E transcript in
IL-17A+ CD8+ T-cells as these were filtered from downstream statistical assessments due to
normalised expression lower than that of CD4. We also observed a degree of molecular
similarity in both sorted subsets with similar mRNA expression of surface receptors (/L6R,
IL18R1, IL21R), transcription factors (TBX21, EOMES, STAT3, IRF4, BCL11B) and effector
molecules (IFNG, TNF). We confirmed by flow cytometry that in vitro-induced IL-17A+ CD8+
T-cells predominantly co-expressed the hallmark type-17 surface markers CCR6 and CD161.
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A small proportion of IL-17A- CD8+ T-cells also expressed CCR6 and CD161 (also at lower
transcript levels than IL-17A+ counterparts), which is consistent with literature highlighting
that these surface markers are not exclusively restricted to human IL-17 expressing T-cells
(38, 56). This finding reiterates the need for identification of additional lineage specific surface
markers to better facilitate identification of Tc17 cells and type-17 cells more broadly. Taken
together, these analyses validate the cytokine secretion assay approach for specifically

purifying type-17 cells that secrete bioactive IL-17A.

The leading transcriptional parameter defining segregation of IL-17A+ from IL-17A- CD8+ T-
cells was identified as PLZF, which is commonly associated with directing type-17 effector
function in unconventional rather than conventional T-cells. With further immunoprofiling, our
analysis indeed revealed that in vitro polarisation did not only induce IL-17A and IL-17F
expression in conventional CD8+ T cells, but also in Va7.2+/MR1-tetramer?®s MAIT cells. This
finding is in line with reports evidencing that IL-17A and IL-17F production by MAIT cells
requires cooperative TCR signalling with specific cytokine signals, such as IL-13 and IL-23
(37, 49), IL-7 (35), or IL-12 with IL-18 (31, 57). Interestingly, the largest fraction of IL-17A/F
expressing cells was contained within the MAIT population. One explanation could be that
there was preferential expansion of IL-17A/F-producing MAIT cells upon in vitro culture,
however our preliminary data did not reveal substantive differences in proliferative capacity
between IL-17A+ CD8+ MAIT and conventional T-cells.

It was interesting to note that our PBMC polarising conditions led to a relative greater fold
increase in IL-17F than IL-17A (7-fold versus 3-fold). Additionally, both conventional and
MAIT IL-17A+ CD8+ T cells comprised IL-17A or IL-17F single and double positive cells. We
have previously demonstrated that CD28 costimulation differentially regulates IL-17F versus
IL-17A expression in CD4+ T-cells (5). Furthermore, a previous study showed a 10-fold higher
production of IL-17F compared with IL-17A upon anti-CD3/CD28 stimulation of CD8+ T-cells
(23), and IL-17F was found to be the dominant isoform when MAIT cells were stimulated in
the presence of IL-12 and IL-18 (57). Collectively, these findings suggest differential
regulation of IL-17A and IL-17F production in human T-cells.

Even though in vitro polarisation induced two distinct populations of IL-17A+ CD8+ T cells,
our data indicate that Va7.2- conventional and Va7.2+ MAIT IL-17A+ CD8+ T-cell types share
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a common polyfunctional profile and actively secrete a combination of pro-inflammatory
cytokines including IL-17A, IL-22, GM-CSF, IFNy and TNFa. Of note, IL-17A+ Va7.2+ CD8+
T-cells appeared to induce a more potent pro-inflammatory response in PsA-derived synovial
fibroblasts, on average inducing greater levels of IL-6 and IL-8 compared with IL-17A+ Va7.2-
conventional CD8+ T-cells. This may be attributable to elevated levels of TNFa, and in some
donors more IL-17FF/AF, in IL-17A+ Va7.2+ CD8+ T-cells compared with the IL-17A+ Va7.2-
CD8+ T-cell counterparts. These subtle differences in our findings strengthen the importance
to distinguish between classical and unconventional cell types, which to date few studies have
performed when broadly identifying IL-17-producing CD8+ T-cells. This may indeed explain
research discrepancies and for future assessments, it is essential protective or pathological

contributions of individual subsets are clearly ascertained.

By addition of secukinumab and adalimumab in IL-17A+CD8+ T-cell-fibroblast co-cultures,
we reaffirmed cooperation of IL-17A with TNFa in driving pro-inflammatory cytokine
production in the context of PsA. Whilst IL-17F has reduced potency relative to IL-17A, we
previously showed IL-17F can similarly synergise with TNFa to elicit significant inflammatory
responses in synovial fibroblasts from PsA and RA patients (5). Dual blockade of IL-17A and
IL-17F by bimekizumab also more effectively reduced IL-17-driven secretion of IL-6 and IL-8
by synovial fibroblasts compared with blockade of IL-17A alone (5, 57, 58). An IL-17F CSA
was not commercially available, however it would be of interest to isolate IL-17A and IL-17F
single and double positive T-cell subsets to investigate further their individual versus

combined functional roles.

We verified functionality of our in vitro-generated IL-17A+ CD8+ T-cells and for the first-time
report clinically relevant modulation of IL-17A+ CD8+ T-cell-PsA synovial fibroblast
interactions, which suggests a pro-inflammatory contribution of Tc17 cells to PsA joint
inflammation. A pathogenic function of human Tc17 cells has previously been demonstrated
in adoptive transfer models. Hu et al. showed that adoptive transfer of human in vitro-
generated CAR-directed type-17 T-cells (a mixture of Th17 and Tc17) primed with a RORyt
agonist mediated potent anti-tumour responses in a murine melanoma model (24).
Mechanistically, they showed that co-transfer of Th17 cells with Tc17 cells mediated robust
and long-lived anti-tumour immunity, consistent with previous publications which showed that

Th17 cells can augment the activation of CD8+ T-cells (59, 60). Hinrichs et al. also reported
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that type 17-polarised CD8+ T-cells mediated enhanced anti-tumour immunity and
demonstrated greater persistence than non-polarised CD8+ T-cells (61). An in-depth study
by Gartlan et al., using fate mapping reporter mice also showed that mouse Tc17 cells
differentiate during GVHD culminating in a highly plastic, hyperinflammatory, poorly cytolytic
effector population, which they termed “inflammatory iTc17” (62). Targeted depletion of these

inflammatory iTc17 cells resulted in protection from lethal GVHD.

These in vivo data together with our in vitro data strongly suggests that Tc17 cells are
biologically relevant contributors to inflammation in diseases where an enrichment of these
cells is found. In addition, our in vitro induction approach has important potential to improve
mechanistic understanding of how Tc17 cells contribute to pathogenic, as well as
homeostatic, immune responses, which could offer novel translational insights into

therapeutic targeting of these cells.
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Figure Legends

Figure 1. Low ex vivo frequencies of IL-17A+ and IL-17F+ CD8+ T-cells in healthy donor
PBMC are expanded upon anti-CD3/CD28 stimulation in the presence of IL-18 and IL-
23. (A, B) Freshly isolated (circles) or cryopreserved (squares) healthy donor PBMC were
stimulated ex vivo for 3 hours with PMA/ionomycin and GolgiStop for assessment of
intracellular IL-17A and IL-17F cytokine expression by flow cytometry. Representative
staining plots (A) and cumulative data (B) show frequencies of IL-17A+ and IL-17F+ cells
within live CD3+CD8+ T-cells from independent donors (n=51 and n=23, respectively). (C, D)
Freshly isolated (circles) or cryopreserved (squares) healthy donor PBMC were cultured for
3 days with either plate-bound (filled symbols) or soluble (open symbols) anti-CD3 mAb and
soluble anti-CD28 mAb in the absence (control) or presence of hrlL-13 (10 ng/mL) and hrlL-
23 (20 ng/mL). After 3 days, cells were re-stimulated with PMA/ionomycin and GolgiStop for
detection of intracellular cytokine expression. Representative dot plots (C) and cumulative

data (D) show the frequencies of in vitro-induced IL-17A+ and IL-17F+ cells within live CD3+
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CD8+ T-cells from independent donors (n=50 and n=22, respectively). Statistical analysis

performed using Wilcoxon matched-pairs signed rank test.

Figure 2. Anti-CD3/CD28 stimulation in the presence of IL-13 and IL-23 is sufficient to
expand IL-17A+ CD8+ T-cells from purified CD8+ T-cell cultures. Purified CD8+ T-cells
from freshly isolated PBMC were cultured in the presence of plate-bound anti-CD3 mAb and
soluble anti-CD28 mAb in the absence (control) or presence of hrlL-13 and hrlL-23 for 3 days.
On day 3, culture supernatants were removed and remaining cells were re-stimulated for 3
hours with PMA/ionomycin and GolgiStop for detection of intracellular IL-17A expression by
flow cytometry. (A) Representative staining plots and cumulative data show frequencies of IL-
17A+ cells within live CD3+ CD8+ T-cells (n=16). (B) Levels of IL-17A detected in 3-day
culture supernatants were measured by ELISA (n=6). Statistical analysis was performed
using a paired t-test (A) or Wilcoxon matched-pairs signed rank test (B). (C-E) Bulk CD8+ T-
cells were cultured under type-17 polarising conditions without or with hrlL-6 (20 ng/mL) (C,
D) or in the absence or presence of either neutralising anti-IFNy or isotype control mAb (5
pug/mL) (E) for 3 days. Representative stainings and cumulative data (n=3-5, each symbol
correspond to an independent donor) show frequencies of IL-17A+ cells within live CD3+
CD8+ T-cells as detected by flow cytometry (C and E); or (D) indicate levels of IL-17A
detected by ELISA in culture supernatants collected prior to re-stimulation (n=3). Data are

plotted as median + IQR.

Figure 3. Transcriptional analysis reveals in vitro-generated IL-17A+ CD8+ T-cells
acquire a signature type-17-related profile. Bulk CD8+ T-cells were isolated from healthy
donor PBMC and cultured for 3 days with plate-bound anti-CD3 and soluble anti-CD28 mAbs
in the presence of hrlL-1 and hrIL-23. On day 3, cells were re-stimulated for 1.5 hours with
PMA/ionomycin for IL-17A CSA combined FACS sorting of in vitro-generated IL-17A+ CD8+
and IL-17A- CD8+ T-cells. (A-D) Gene profiles of matched donor T-cell subsets were
assessed by custom gqPCR array (n=7 independent donors). Each target gene expression
was normalised to endogenous controls B2M and PPIA (A) Principal-component analysis
(PCA) of IL-17A+ (red) and IL-17A- (blue) CD8+ T-cell transcriptional profiles plotted on
components 1 and 2 (upper panel); bar plot of the top 20 PCA parameter contributions (%)
for component 1 (lower panel). (B) Heatmap showing gene expression profiles in IL-17A+

compared with IL-17A- CD8+ T-cells with donors assigned columns and rows the log2
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transformed normalised gene expression. Unbiased hierarchical gene and sample clustering
indicated by dendrograms. (C) Scatter plots depict absolute mRNA expression levels (22Ct)
of a selection of T-cell lineage specific genes in IL-17A+ (red) and IL-17A- (blue) CD8+ T-
cells. (D) Scatter plot shows relative fold change (2-22%) in type-17 signature genes identified
as significantly differentially expressed with fold change > 1.5 (marked by the horizontal
dashed line) in IL-17A+ compared with IL-17A- CD8+ T-cells. Data are plotted as mean + SD
and significance was analysed using paired Student’s t-test with Holm-Sidak multiple
comparisons, adjusted p-values are reported. (E, F) After 3-day stimulation in the presence
of hrlL-1B and hrlL-23, CD8+ T-cell cultures were re-stimulated for 3 hours with
PMA/ionomycin and GolgiStop for identification of in vitro-induced IL-17A+ and IL-17A- CD8+
T-cell subsets by intracellular flow cytometry staining. Representative dot plots and
cumulative data plotted as median + IQR show surface expression of CCR6 (E) and CD161
(F) on IL-17A+ or IL-17A- cells gated within CD8+ T-cells (n=8-10). Statistical analysis

performed using Wilcoxon matched-pairs signed rank test.

Figure 4. Type-17 in vitro polarisation increases the frequencies of both conventional
and unconventional Va7.2+ IL-17A+ CD8+ T cells. Healthy donor PBMC were cultured with
soluble anti-CD3/CD28 mAbs in the absence or presence of hriL-13 and hrIL-23 for 3 days,
then re-stimulated for 3 hours with PMA/ionomycin and GolgiStop for assessment of
intracellular IL-17A and IL-17F cytokine expression by flow cytometry. Representative staining
plots (A) and cumulative data (B, C) show frequencies of IL-17A+ (A, B) or IL-17F+ (A, C)
cells within conventional Va7.2- (white squares) and unconventional Va7.2+ (grey squares)
CD8+ T-cells (n=10). (D) Representative dot plots showing the identification of IL-17A+IL-
17F-, IL-17A-IL-17F+, IL-17A+IL-17F+ and IL-17A-IL17F- cells within total CD8+ T-cells after
culture in the presence of anti-CD3/CD28 stimulation with hrIL-13 and hrlL-23, and the
proportions of CD161 and/or Va7.2 expressing cells in each of these subsets. Cumulative
data (n=15) are plotted as median + |IQR. Statistical analysis was performed using Friedman

test with Dunn’s multiple comparison.

Figure 5. In vitro-induced IL-17A+ Va7.2- and IL-17A+ Va7.2+ CD8+ T-cell subsets have
a similar type-17 cytokine profile. Bulk CD8+ T-cells isolated from healthy donor PBMC
were cultured for 3 days with plate-bound anti-CD3 mAb and soluble anti-CD28 mAb in the

presence of hrlL-18 and hrIL-23. On day 3, cells were re-stimulated for 3 hours with
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PMA/ionomycin and GolgiStop for assessment of intracellular cytokine expression. (A)
Representative flow cytometric staining and cumulative data (n=6) show the frequencies of
IL-17A+ Va7.2- (white bars) and IL-17A+ Va7.2+ (hashed bars) CD8+ T-cell subsets that
express IL-17F, IFNy, TNFa or GM-CSF. (B, C) Polyfunctional cytokine data were analysed
using SPICE software. Pie charts (B) depict cytokine profiles of IL-17A+ Va7.2- (left) and IL-
17A+ Va7.2+ (right) CD8+ T-cells with the individual and overlapping arcs indicating the
double, triple or quadruple cytokine combinations produced by each proportion of cells. (C)
Cumulative frequencies of each pie section within IL-17A+ Va7.2- (white bars) and IL-17A+
Va7.2+ (hashed bars) are plotted as median + IQR (n=6). (D) CD8+ T-cells were FACS sorted
using an IL-17A cytokine secretion assay into IL-17A+ Va7.2- (white bars), IL-17A+ Va7.2+
(hashed bars) or IL-17A- (grey bars). Cells were cultured for 20 hours and supernatants
collected for detection of IL-17AA/AF, IL-17FF/AF, IFNy, TNFa, GM-CSF, IL-21, IL-22 and IL-

10 by Luminex. Statistical analysis performed using Wilcoxon matched-pairs signed rank test.

Figure 6. In vitro-induced IL-17A+ CD8+ T cells are biologically functional. Bulk IL-17A+
and IL-17A- CD8+ T-cells or IL-17A+ Va7.2- and IL-17A+ Va7.2+ CD8+ T-cells were FACS
sorted using an IL-17A CSA following 3-day culture with plate-bound anti-CD3, soluble anti-
CD28 mAbs in the presence of hrlL-1B and hrIL-23. The T-cells or their post-sort 20-hour cell
culture supernatants (20% v/v) were added to PsA synovial fibroblasts (1x10%) for 24 hours.
IL-6 (left panels) and IL-8 (right panels) production in fibroblast culture supernatants were
measured by ELISA. Schematics depict experimental workflows. Cumulative data show IL-6
and IL-8 production from fibroblasts cultured with (A) supernatants from sorted IL-17A+ or IL-
17A- CD8+ T-cells, (B) supernatants from IL-17A+ Va7.2- or IL-17A+ Va7.2+ CD8+ T-cells
or (C) total IL-17A+ CD8+ T-cells (2.5x10%) in the absence or presence of isotype control,
anti-IL-17A or anti-TNFa neutralising antibodies. Data are plotted as median + IQR with
dashed red lines indicating lower and upper ELISA detection limits. Statistical analysis was
performed using a matched-paired Friedman test (A, C n=7) or unmatched Kruskal Wallis
test (B n=5-7) with comparison to medium (A-C) and isotype (C) by Dunn’s Multiple

Comparisons test.

25


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

References

10.

11.

Yao Z, Painter SL, Fanslow WC, Ulrich D, Macduff BM, Spriggs MK, et al. Human IL-17: a novel
cytokine derived from T cells. The Journal of Immunology. (1995);155:5483

Stockinger B, Omenetti S. The dichotomous nature of T helper 17 cells. Nat Rev Immunol.
(2017);17:535-44. d0i:10.1038/nri.2017.50

Cerboni S, Gehrmann U, Preite S, Mitra S. Cytokine-regulated Th17 plasticity in human health
and diseases. Immunology. (2021);163:3-18. doi:10.1111/imm.13280

Noack M, Beringer A, Miossec P. Additive or Synergistic Interactions Between IL-17A or IL-17F
and TNF or IL-1B Depend on the Cell Type. Front Immunol. (2019);10.
doi:10.3389/fimmu.2019.01726

Burns LA, Maroof A, Marshall D, Steel KJA, Lalnunhlimi S, Cole S, et al. Presence, function,
and regulation of IL-17F-expressing human CD4+ T cells. Eur J Immunol. (2020);50:568—80.
doi:10.1002/€ji.201948138

Taams LS, Steel KJA, Srenathan U, Burns LA, Kirkham BW. IL-17 in the immunopathogenesis
of spondyloarthritis. Nat Rev Rheumatol. (2018);14:453-66. doi:10.1038/s41584-018-0044-2

McGonagle DG, Mcinnes IB, Kirkham BW, Sherlock J, Moots R. The role of IL-17A in axial
spondyloarthritis and psoriatic arthritis: Recent advances and controversies. Vol. 78, Annals of
the Rheumatic Diseases. BMJ Publishing Group; 2019.78 p. 1167-78.
doi:10.1136/annrheumdis-2019-215356

O’Brien-Gore C, Gray EH, Durham LE, Taams LS, Kirkham BW. Drivers of Inflammation in
Psoriatic Arthritis: the Old and the New. Curr Rheumatol Rep. (2021);23:40.
doi:10.1007/s11926-021-01005-x

Mills KHG. IL-17 and IL-17-producing cells in protection versus pathology. Nat Rev Immunol.
(2022); doi:10.1038/s41577-022-00746-9

Srenathan U, Steel K, Taams LS. IL-17+ CD8+ T cells: Differentiation, phenotype and role in
inflammatory disease. Immunol Lett. (2016);178:20—6. doi:10.1016/j.imlet.2016.05.001

Li X, Zhou Q, Yang WB, Xiong XZ, Du RH, Zhang JC. Pleural Mesothelial Cells Promote
Expansion of IL-17—Producing CD8+ T Cells in Tuberculous Pleural Effusion. J Clin Immunol.
(2013);33:775-87. doi:10.1007/s10875-012-9860-3

26


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

Huber M, Heink S, Pagenstecher A, Reinhard K, Ritter J, Visekruna A, et al. IL-17A secretion
by CD8+ T cells supports Th17-mediated autoimmune encephalomyelitis. J Clin Invest.
(2013);123:247—-60. doi:10.1172/JCI163681

Globig AM, Hipp A v., Otto-Mora P, Heeg M, Mayer LS, Ehl S, et al. High-dimensional profiling
reveals Tc17 cell enrichment in active Crohn’s disease and identifies a potentially targetable
signature. Nat Commun. (2022);13:3688. doi:10.1038/s41467-022-31229-z

Ortega C, Fernandez-A S, Carrillo JM, Romero P, Molina IJ, Moreno JC, et al. IL-17-producing
CDS8 + T lymphocytes from psoriasis skin plaques are cytotoxic effector cells that secrete Th17-
related cytokines . J Leukoc Biol. (2009);86:435-43. doi:10.1189/jlb.0109046

Res PCM, Piskin G, de Boer OJ, van der Loos CM, Teeling P, Bos JD, et al. Overrepresentation
of IL-17A and IL-22 Producing CD8 T Cells in Lesional Skin Suggests Their Involvement in the
pathogenesis of psoriasis. PLoS One. (2010);5. doi:10.1371/journal.pone.0014108

Hijnen D, Knol EF, Gent YY, Giovannone B, Beijn SJP, Kupper TS, et al. CD8+ T Cells in the
Lesional Skin of Atopic Dermatitis and Psoriasis Patients Are an Important Source of IFN-y, IL-
13, IL-17, and IL-22. Journal of Investigative Dermatology. (2013);133:973-9.
doi:10.1038/jid.2012.456

Menon B, Gullick NJ, Walter GJ, Rajasekhar M, Garrood T, Evans HG, et al. Interleukin-
17+CD8+ T Cells Are Enriched in the Joints of Patients With Psoriatic Arthritis and Correlate
With Disease Activity and Joint Damage Progression. Arthritis & Rheumatology.
(2014);66:1272—-81. doi:10.1002/art.38376

Steel KJA, Srenathan U, Ridley M, Durham LE, Wu SY, Ryan SE, et al. Polyfunctional,
Proinflammatory, Tissue-Resident Memory Phenotype and Function of Synovial Interleukin-
17A+CD8+ T Cells in Psoriatic Arthritis. Arthritis and Rheumatology. (2020);72:435-47.
doi:10.1002/art.41156

Lickel C, Picard FelixSR, Huber M. Tc17 biology and function: Novel concepts. Eur J Immunol.
(2020);50:1257—-67. doi:10.1002/€ji.202048627

Qaiyum Z, Gracey E, Yao YC, Inman RD. Integrin and transcriptomic profiles identify a
distinctive synovial CD8+ T cell subpopulation in spondyloarthritis. Ann Rheum Dis.
(2019);78:1566—75. doi:10.1136/annrheumdis-2019-215349

Ciric B, El-behi M, Cabrera R, Zhang GX, Rostami A. IL-23 Drives Pathogenic IL-17-Producing
CD8+ T Cells. The Journal of Immunology. (2009);182:5296. doi:10.4049/jimmunol.0900036

27


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

Kondo T, Takata H, Matsuki F, Takiguchi M. Cutting Edge: Phenotypic Characterization and
Differentiation of Human CD8+ T Cells Producing IL-17. The Journal of Immunology.
(2009);182:1794. doi:10.4049/jimmunol.0801347

Gras R, Garcia MI, Gébmez R, de la Mata FJ, Munoz-Fernandez MA, Lopez-Fernandez LA.
Carbosilane Dendrimer 2G-NN16 Represses Tc17 Differentiation in Primary T CD8+
Lymphocytes. Mol Pharm. (2012);9:102—10. doi:10.1021/mp200305u

Hu X, Majchrzak K, Liu X, Wyatt MM, Spooner CJ, Moisan J, et al. In Vitro Priming of Adoptively
Transferred T Cells with a RORy Agonist Confers Durable Memory and Stemness In Vivo.
Cancer Res. (2018);78:3888-98. doi:10.1158/0008-5472.CAN-17-3973

Zhang ZS, Gu Y, Liu BG, Tang H, Hua Y, Wang J. Oncogenic role of Tc17 cells in cervical
cancer development. World J Clin Cases. (2020);8:11-9. doi:10.12998/wjcc.v8.i1.11

Liu C, Lin B, Wu M, Song Y, Ke T, Chou Y, et al. Adoptive transfer of IL-4 reprogrammed Tc17
cells elicits anti-tumour immunity through functional plasticity. Immunology. (2022);166:310—
26. doi:10.1111/imm.13473

Kuang DM, Peng C, Zhao Q, Wu Y, Zhu LY, Wang J, et al. Tumor-Activated Monocytes
Promote Expansion of IL-17—Producing CD8+ T Cells in Hepatocellular Carcinoma Patients.
The Journal of Immunology. (2010);185:1544. doi:10.4049/jimmunol.0904094

Reantragoon R, Corbett AJ, Sakala IG, Gherardin NA, Furness JB, Chen Z, et al. Antigen-
loaded MR1 tetramers define T cell receptor heterogeneity in mucosal-associated invariant T
cells. Journal of Experimental Medicine. (2013);210:2305—-20. doi:10.1084/jem.20130958

Provine NM, Klenerman P. MAIT Cells in Health and Disease. Annu Rev Immunol.
(2020);38:203-28. doi:10.1146/annurev-immunol-080719-015428

Slichter CK, McDavid A, Miller HW, Finak G, Seymour BJ, McNevin JP, et al. Distinct activation
thresholds of human conventional and innate-like memory T cells. JCI Insight. (2016);1:€86292.
doi:10.1172/jci.insight.86292

Leng T, Akther HD, Hackstein CP, Powell K, King T, Friedrich M, et al. TCR and Inflammatory
Signals Tune Human MAIT Cells to Exert Specific Tissue Repair and Effector Functions. Cell
Rep. (2019);28:3077-3091.€5. doi:10.1016/j.celrep.2019.08.050

Drashansky TT, Helm EY, Curkovic N, Cooper J, Cheng P, Chen X, et al. BCL11B is positioned
upstream of PLZF and RORyt to control thymic development of mucosal-associated invariant
T cells and MAIT17 program. iScience. (2021);24:102307. doi:10.1016/j.isci.2021.102307

28


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

Zhang S, Laouar A, Denzin LK, Sant’/Angelo DB. Zbtb16 (PLZF) is stably suppressed and not
inducible in non-innate T cells via T cell receptor-mediated signaling. Sci Rep. (2015);5:12113.
doi:10.1038/srep12113

Leeansyah E, Boulouis C, Kwa ALH, Sandberg JK. Emerging Role for MAIT Cells in Control of
Antimicrobial Resistance. Trends Microbiol. (2021);29:504-16. doi:10.1016/j.tim.2020.11.008

Gracey E, Qaiyum Z, Almaghlouth I, Lawson D, Karki S, Avvaru N, et al. IL-7 primes IL-17 in
mucosal-associated invariant T (MAIT) cells, which contribute to the Th17-axis in ankylosing
spondylitis. Ann Rheum Dis. (2016);75:2124-32. doi:10.1136/annrheumdis-2015-208902

Toussirot E, Laheurte C, Gaugler B, Gabriel D, Saas P. Increased IL-22-and IL-17A-producing
mucosal-associated invariant T cells in the peripheral blood of patients with ankylosing
spondylitis. Front Immunol. (2018);9. doi:10.3389/fimmu.2018.01610

Raychaudhuri SK, Abria C, Mitra A, Raychaudhuri SP. Functional significance of MAIT cells in
psoriatic arthritis. Cytokine. (2020);125. doi:10.1016/j.cyt0.2019.154855

Acosta-Rodriguez E v, Rivino L, Geginat J, Jarrossay D, Gattorno M, Lanzavecchia A, et al.
Surface phenotype and antigenic specificity of human interleukin 17—producing T helper
memory cells. Nat Immunol. (2007);8:639-46. doi:10.1038/ni1467

Yeh WI, McWilliams IL, Harrington LE. IFNy inhibits Th17 differentiation and function via Tbet-
dependent and Tbet-independent mechanisms. J Neuroimmunol. (2014);267:20-7.
doi:10.1016/j.jneuroim.2013.12.001

Mielke LA, Liao Y, Clemens EB, Firth MA, Duckworth B, Huang Q, et al. TCF-1 limits the
formation of Tc17 cells via repression of the MAF—RORyt axis. Journal of Experimental
Medicine. (2019);216:1682-99. doi:10.1084/jem.20181778

Park D, Kim HG, Kim M, Park T, Ha HH, Lee DH, et al. Differences in the molecular signatures
of mucosal-associated invariant T cells and conventional T cells. Sci Rep. (2019);9:7094.
doi:10.1038/s41598-019-43578-9

Gherardin NA, Souter MN, Koay H, Mangas KM, Seemann T, Stinear TP, et al. Human blood
MAIT cell subsets defined using MR1 tetramers. Immunol Cell Biol. (2018);96:507-25.
doi:10.1111/imcb.12021

Hu Y, Ma D xin, Shan N ning, Zhu Y yuan, Liu X guang, Zhang L, et al. Increased number of
Tc17 and correlation with Th17 cells in patients with immune thrombocytopenia. PLoS One.
2011/10/24. (2011);6:€26522—e26522. doi:10.1371/journal.pone.0026522

29


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

Foster RG, Golden-Mason L, Rutebemberwa A, Rosen HR. Interleukin (IL)-17/IL-22-Producing
T cells Enriched Within the Liver of Patients with Chronic Hepatitis C Viral (HCV) Infection. Dig
Dis Sci. (2012);57:381-9. doi:10.1007/s10620-011-1997-z

Paats MS, Bergen IM, Hoogsteden HC, van der Eerden MM, Hendriks RW. Systemic CD4+
and CD8+ T-cell cytokine profiles correlate with GOLD stage in stable COPD. European
Respiratory Journal. (2012);40:330. doi:10.1183/09031936.00079611

Huang JCC, Schleisman M, Choi D, Mitchell C, Watson L, Asquith M, et al. Preliminary Report
on Interleukin-22, GM-CSF, and IL-17F in the Pathogenesis of Acute Anterior Uveitis. Ocul
Immunol Inflamm. (2021);29:558—65. doi:10.1080/09273948.2019.1686156

Wilson NJ, Boniface K, Chan JR, McKenzie BS, Blumenschein WM, Mattson JD, et al.
Development, cytokine profile and function of human interleukin 17—producing helper T cells.
Nat Immunol. (2007);8:950-7. doi:10.1038/ni1497

Shao H, Kaplan HJ, Sun D. Bidirectional Effect of IFN-y on Th17 Responses in Experimental
Autoimmune Uveitis. Frontiers in Ophthalmology. (2022);2. doi:10.3389/fopht.2022.831084

Lu B, Liu M, Wang J, Fan H, Yang D, Zhang L, et al. IL-17 production by tissue-resident MAIT
cells is locally induced in children with pneumonia. Mucosal Immunol. (2020);13:824-35.
doi:10.1038/s41385-020-0273-y

Satkowska A, Kara$ K, Karwaciak |, Walczak-Drzewiecka A, Krawczyk M, Sobalska-Kwapis M,
et al. Identification of Novel Molecular Markers of Human Th17 Cells. Cells. (2020);9:1611.
doi:10.3390/cells9071611

Capone A, Naro C, Bianco M, de Bardi M, Noél F, Macchi P, et al. Systems analysis of human
T helper17 cell differentiation uncovers distinct time-regulated transcriptional modules.
iScience. (2021);24. doi:10.1016/j.isci.2021.102492

Dagur PK, Stansky E, Saxena A, Biancotto A, McCoy JP. Simplified assay for enrichment of
primed human Th17 and Tc17 lymphocytes from peripheral blood. Transl Med Commun.
(2019);4:11. doi:10.1186/s41231-019-0041-8

Al-Mossawi MH, Chen L, Fang H, Ridley A, de Wit J, Yager N, et al. Unique transcriptome
signatures and GM-CSF expression in lymphocytes from patients with spondyloarthritis. Nat
Commun. (2017);8:1510. doi:10.1038/s41467-017-01771-2

Lin R, Wu W, Chen H, Gao H, Wu X, Li G, et al. GPR65 promotes intestinal mucosal Th1 and
Th17 cell differentiation and gut inflammation through downregulating NUAK2. Clin Transl Med.
(2022);12. doi:10.1002/ctm2.771

30


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.14.516164; this version posted November 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

55.

56.

57.

58.

59.

60.

61.

62.

available under aCCl4Y iATeTRIVIHrecefénerated IL-17A+CD8+ T-cells

Arra A, Lingel H, Kuropka B, Pick J, Schnoeder T, Fischer T, et al. The differentiation and
plasticity of Tc17 cells are regulated by CTLA-4-mediated effects on STATs. Oncoimmunology.
(2017);6:1273300. doi:10.1080/2162402X.2016.1273300

Wyrozemski £, Qiao S. Immunobiology and conflicting roles of the human CD161 receptor in T
cells. Scand J Immunol. (2021);94:13090. doi:10.1111/sji.13090

Cole S, Murray J, Simpson C, Okoye R, Tyson K, Griffiths M, et al. Interleukin (IL)-12 and IL-
18 Synergize to Promote MAIT Cell IL-17A and IL-17F Production Independently of IL-23
Signaling. Front Immunol. (2020);11. doi:10.3389/fimmu.2020.585134

Glatt S, Baeten D, Baker T, Griffiths M, lonescu L, Lawson ADG, et al. Dual IL-17A and IL-17F
neutralisation by bimekizumab in psoriatic arthritis: evidence from preclinical experiments and
a randomised placebo-controlled clinical trial that IL-17F contributes to human chronic tissue
inflammation. Ann Rheum Dis. (2018);77:523. doi:10.1136/annrheumdis-2017-212127

Martin-Orozco N, Muranski P, Chung Y, Yang XO, Yamazaki T, Lu S, et al. T Helper 17 Cells
Promote Cytotoxic T Cell Activation in Tumor Immunity. Immunity. (2009);31:787-98.
doi:10.1016/j.immuni.2009.09.014

Munegowda MA, Deng Y, Chibbar R, Xu Q, Freywald A, Mulligan SJ, et al. A distinct role of
CD4 + Th17- and Th17-stimulated CD8 + CTL in the pathogenesis of type 1 diabetes and
experimental autoimmune encephalomyelitis. J Clin  Immunol. (2011);31:811-26.
doi:10.1007/s10875-011-9549-z

Hinrichs CS, Kaiser A, Paulos CM, Cassard L, Sanchez-Perez L, Heemskerk B, et al. Type 17
CD8+ T cells display enhanced antitumor immunity. Blood. (2009);114:596-9.
doi:10.1182/blood-2009-02-203935

Gartlan KH, Markey KA, Varelias A, Bunting MD, Koyama M, Kuns RD, et al. Tc17 cells are a
proinflammatory, plastic lineage of pathogenic CD8+ T cells that induce GVHD without
antileukemic effects. Blood. (2015);126:1609-20. doi:10.1182/blood-2015-01-622662

31


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is m
available under aCC-BY 4.0 International license.
Figure 1

A B

Within CD8+ T-cells 3.01
[ 2.5 © Fresh
10 10 @ [ Cryopreserved
ot IL-17A+ o] IL-17F+ ? g’ 2.01
0.081% 0 0.024% = B
G o] L. & D 1.5
10°] 5] 9 (] S.
<] & B e et X 1.0
‘_IT 0 56K 10‘0K 15I0K 20'0K250‘K _ll 0 56K 10‘0K 15I0K ZOIO}QSDIK o D
B X 0.5-
FSC-A FSC-A
0.0-
IL-17A+ IL-17F+
Within CD8+ T-cells IL-17A+ IL-17F+
Control IL-1B +1L-23 3.0-  p<0.0001 3.0  P<0.0001
10 0.47% 10°7 B ..::{%1.39% 7)) — ")
] N ] G0 - - — .
10 104 _-\_-: ; + 8 2-5 + 8 2-5 O :(r)?sthD3
o G &8 HLPY
1 1 s B N V7] N U] Fresh
£ o < < © fhacos
N BT 10" _lw15_ _|w15_
- 0 50K 100K 150K 200K250K 0 50K 100K 150K 200K250K S— D — D D Cryopreserved
5 O 5 © sol acD3
° £ 1.0 < £ 1.0
o™ & ot &= [ | Cryopreserved
s 0.5- = 0.5 pb aCD3
E E
0.0 0.0 b T
=
% L1 - + IL1p -
- 0 50K 100K 150K 200K250K 0 50K 100K 150K 200K250K IL_23 - + IL-23 - +

FSC-A


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is m
available under aCC-BY 4.0 International license.
Figure 2

v/

A p=0.0008 p=0.0313
Within CD8+ T-cells 4.0 2000
)
Control IL-1B + IL-23 ) =
s [CD8+ IL-T7A+ 2 9 3.01 § 1500
10 N F m
= & £
=23 20] < 1000
- O I
[S) \)
g S c 4
A S 1.0 — 5001
= =
FSC-A 0.0 0+
iL1p - + L1 -
IL-23 - + IL-23 - +
IL-1B+IL-23
Control IL-1B+IL-23 +IL-6 ° 1500
WLCD8+IL—17+ W CD8+ IL-17+ o CD8+ IL-17+ + 8 | L] E
0.211% 2.50% ¢ 2.36%. i < ': 2 S 1000
o o <& £
20 <
= =e1 S 500
£ .|
< | . o § R A
"; 1 | | ‘ B il | olf2m® | ° . o
= O SK 100K 150K 200K 250K 0 50K 100K 150K 200K 250K 0 50K 100K 150K 200K 250K IL-1p = + + IL-1B
IL23 - + + IL-23
FSC-A L6 - - + IL-6
E IL-18 +1L-23  IL-1B +IL-23 » 207
Control |L-1B +IL-23 + isotype + G-lFNY g iE .
-1 A
o CD8+ IL-17A+ o CD8+ IL-17A+ o CD8+ IL-17A+ o CD8+ IL-17A+ & |: )
N~
- 0
2 8 1.0
R e
£ 0.5 .
<t~ (0 _ E
= L1p - + + +
L23 - + + +
FSC-A isotype = - + -
o-lFN-y = - - +


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

(which was not certified by peer rewew) is the author/funder, who has granted bioRxiv a license to display the preprmt in perpetuity. Iti IS m

A

PC2-18.6%

25-

2.0-

PC1
Contributions (%)

vy)

Pt

o
0O!
el

@
2
&

-

=N
=
A8

)
>
O
P
w

=
'S

-

I IL-17A+
I IL-17A- -

available under aCC-BY 4.0 International license.

Figure 3

IL17A IL17F KLRB1 CCR6 CXCR6
c p<0.0001 p<0.0001 p=0.0441 p<0.0001 p=0.0316
20.0- 200 020 0.030 0030
150l © 50l © o P 0024 oo] © O IL-17A+
g oots{ © 0018 O IL-17A-
J 1004 100 010
N ol® 0.012 0.012 %
S
501 ole 20 0.08 . 0.006 oooe{ ©9° o
°
00l ———@m— ool ———am— 000! & 0.000 &
IL23R RORC RORA MAF ZBTB16
p<0.0001 p<0.0001 p=0.0002 p=0.0002 p=0.0026
008+ 0.10 1.00 015 030
° )
0zl @ 080 3 °
060 o0 o 020
0.20 g0
0.40 ) o @
ool Lo 005 010 "
° 020 9 - o
ovoo-—.—*— ool &8 000 0.00 0.00 R
TCF7 TBX21 GATA3 FOXP3
060 L) 0.30 i 0154 s 004 ns
°
°
0.10 010 2 0039
= 020 J
5]
010 98 020{ © ’I. ° i
¢ :£ e ole 0014
°
0.00 0.00 000 0.0
IFNG TNF 21 IL22
ns ns ns ns
20.00- 20.00 020 050+ 5.00-
[ ° °
15004 © 1500 o 0401 4004
1] 0.30- soo{ ©
< 10004 10.00 °
o~ 0.20] 2,00
500{ 8 o 5.00 ? o ‘I ool s e % obo
& s ;
0.0 0.00 T T 0001 = ”— 0.0 T T
CCL20 MCAM CTLA4 CTSL HOPX
p=0.0013 p=0.0011 p=0.0038 p=0.0030 p=0.0416
1.00 200 0012+ 2.00-
a °
300{ o 150 —_ 1504
&} 1 ®
<L 200 1.00 ] 1.004
b 1.00 % 050 °¢e ooy %8 050 $ ® o
- J
L . g
ILA7A* ILATA- ILA7A+IL-A7A- ILA7A+ILA7A- ILATA*IL-17A- ILATA+ILATA-
129 p<0.0001 p<0.001 p<0.01 p<0.05
a
<
o5
cd
2w
S 3
+
T
X
(TR
< 14 ¥%¥%$
0 T T | T | =T T T T T
» A& 6 & Q} g}\ bt 6 Q) b ’\ \ A V +
O P A LR RV IO X \» e x»,&
Vv EONW VW o\'o"&@\"' £ oP +
p=0.0078
IL-17A+ IL-17A-
CD8+ T-cells CD8+ T-cells 2 1o
+ © 80
10° 10 & ~
4 CCR6 4 CCR6 [3) ; 60
" 85.5% e 16.1% [Sra 40
1Ils 10 '.6 o .
o £
& 1:z ,:1 o X é ZZ
8 0 50K 100K 150K 200K250K 0 50K 100K 150K 200K250K 3 IL-17A+ IL-17A-
FSC-A
F p<0.0001
2 100
]
+ 80
5
P 60
[
o L e®
> = ‘6 O
= ‘ e £ 20
a 0 50K 100K 150K 200K250K 0 50K 100K 150K 200Kk250K >
x
© B IL-17A+ IL-17A-

FSC-A


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

IL-17A

IL-17F

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is m
available under aCC-BY 4.0 International license.
Figure 4

A B IL-17A+ Va7.2- IL-17A+ Va7.2+
. CD8+ T-cells CD8+ T-cells
Within CD8+ T-cells
p=0.0005 =0.0005
Control IL-1B +IL-23 p 2.0 2.0+ P
1 S— l’
10°10.048% 0.17% 1.,5-0.19% 0.54% N &%
' o | N~ Q@ 151 ~ ¢ 167
WP ey 3 St 1,
> . (] + 1.2
10 73 ._- 10" 7 -.:-_ i il & 8 1.0' & 8
2 = A ":. o SO 084
‘322 _ == 05- o = £
10187.9%| ~"11.4% X =E IE 041
33 45 3 °t 3
40" 0 107 10 10 0.0- 0.0-
acbD3  + + aCD3  + +
Va7.2 aCD28 + + aCD28 + +
IL-1B - + IL-1B - +
1540.0519 IL23 - + L23 - +
C p=0.0005 p=0.0005
o 1.5+ @ 1.5+
R Ng
Y N~ Y
S Ho1.07 S 104
+ 0 <)
- =5 £3
5 e 057 o— o e 057
< £ ==
D =3 ®3
ey s 0.0 1 0.0-
+ T-
Within CD8+ T-cells oGO3 % + oCOF & H
s acD28  + + acD28 + +
10°70.50% - | 0.77% L1 - + L1 - +
B | rar )
1o A IL23 - + L23 - +
3 ]
10 P
2 il
<1 % ﬁ, . IL-17A+ IL-17A+ IL-17A- IL-17A-
5 | qoiroom | 98 IL-17F- IL-17F+ IL-17F+ IL-17F+
= o 105 10% 10° 101 34.1% 58.5% | 1] 21.8% 67.2% 10°1 36.2% 59.3% 1’1 88.4% 7.78%
1044 B 10t 10* 10*4
IL-17F o i o I I 3
’ 101' 102’ Q 10Z
§ % 1221 1‘;Zi N 1?)1! o :/u
8 10 1|14 105 10 -103 0 103 104 105 -’lll:l ] 1l‘l:l 104 105
p=0.0105 p=0.003 p=0.0078 p<0.0001
P<0.0001 p<0.0001 p<0.0001 p=0.0057
100 — —
e
80—
[] Va7.2-

O Vo7.2+ CD161+ MAIT
B Vvoa7.2+ CD161-

O =
O
60+ % %
404 % - o =
20 &
O

O

@ l O |
Ao @ - 8 S
IL-17A+ IL- 17A+ IL-17A- IL-17A-
IL-17F- IL-17F+ IL-17F+ IL-17F-

% within CD8+ T-cell subsets

@
@
=
=
8
=
1)
°
51
2
@
2
T
=
o
£
®
7
o
S
X
)


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is m
available under aCC-BY 4.0 International license.
Figure 5

A IL-17F IFNy TNFa GM-CSF o
” . % < p=0.0313
10°1 5 10} =
. 5% &0 S
IL-17A% Va7.2- m 22 100,
CD8+ T-cells * By =3
. w] % 2 80
S S
+ T 60+ ° )
10° 8 £ %%
IL-17A+ Va7.2+ . oz “l||Z]
g : . /
CD8+ T-cells . 1% » %
SE o 7 .
= = 3 ILA7F IFNy
R
FSC-A 8
B C [] IL-17A+ Va7.2- CD8+
8 .
IL-17A+ Va7.2- IL-17A+ Va7.2+ § 5 IL-17A+ Va7.2+ CD8+
CD8+ T-cells CD8+ T-cells %g 100+
- ©
) ]
. $ % 8o
: < e °
® _'g ° p=0.0104
< 0
/ ": @ 20
a g a2,
=g 58 o
>3 o ;
8 Ny ¢ + + + = - - =
Arc Legend TNFa 4 + - . + + - -
[ IFNy+ [ TNFa+ [] GM-CSF+ GM-CSF 4 = + - + - + .
Pie section @ (| (] (] [} m | =

[ ] IL-17A+ Va7.2- CD8+

100000 IL-17A+ Va7.2+ CD8+
[ IL-17A- CD8+

Cytokine (pg/ml)

IL-17AA/AF IL-17FF/AF IFNy TNFa GM-CSF 1L-21 IL-22 IL-10


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is m
available under aCC-BY 4.0 International license.

A

2000 N

ILA7A+ o®

Qe ®
CD8+ T-cells ... Y

20ms T N
IL-17A- o, ® ;
CD8+ T-cells | &g Y
20 N
Va7.2- = 3
ILA7A+ %
CD8+ T-cells ®@® Y
20hrs
Va7.2+ i
IL-17A+ e
CD8+ T-cells | $&® Y

C

IL-17A+
CD8+ T-cells

..Y

1(

1(

24hrs T T 2

secukinumab

IL-6 (pg/mL)

Medium  IL-A7A+

Va7.2-

IL-17A+
Va7.2+

CD8+ T-cell s/in

p=0.0005
100000 -=--=====-c--c--c--cescc-cacccscassaa=a=
ZJ 80000
g 60000
24hrs a
; 40000
¥
-6 = 20000 :I’
Medium IL-17A+ IL-17A-
CD8+ T-cell s/n
p=0.0002
TTp=0.0189 T
IL-8 &

p=0.0001 p=0.0153
1500007 == --=-=~- T
= 1250001 -
£ 1000004
£
2 75000 . °
[}
3 50000 ¢ o
= 250001 " Dt ﬁ .&i
IL-17A+ CD8+ T-cells - + + + + +
Isotype - - + - - =
alL-17A - = . + = +
aTNFa - - - = + +

IL-8 (pg/mL)

IL-8 (pg/mL)

IL-8 (pg/mL)

800

2]
=]
=]

S
o
=)

n
=]
=)

>

Figure 6

p=0.0226 p=0.0099

<

1500

1000

o
S
=3

Medium  IL-7A+  IL-17A-

CD8+ T-cell sin

== 000C00== —
Medium IL-17A+ IL-17A+
Va7.2- Va7.2+

CD8+ T-cell s/n

p=0.0153 p=0.0153

®
= + + + + o+
= = + = = =
- - - + -+
- - - = + o+


https://doi.org/10.1101/2022.11.14.516164
http://creativecommons.org/licenses/by/4.0/

