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Abstract

T-bet is the lineage-specifying transcription factor for CD4" T helper type 1 (Tw1) cells. T-bet
has also been found in other CD4" T cell subsets, including Ty17 cells and Tres, Where it
modulates their functional characteristics. However, we lack information on when and where
T-bet is expressed during T cell differentiation and how this impacts T cell function. To
address this, we traced the ontogeny of T-bet-expressing cells using a fluorescent fate-
mapping mouse line. We demonstrate that T-bet is expressed in asubset of CD4" T cells with
naive cell surface markers and that this novel cell population is phenotypically and
functionally distinct from conventional naive CD4" T cells. These cells are also distinct from
previously described populations of memory phenotype and stem cell-like T cells. Naive-like
T-bet-experienced cells are polarised to the Tyl lineage, predisposed to produce |FNy upon
cell activation, and resist repolarisation to other lineages in vitro and in vivo. These results
demonstrate that lineage-specifying factors can function to polarise T cells in the absence of
canonical markers of T cell activation and that this has an impact on the subsequent T helper

response.
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Introduction

Upon encounter with specific antigen, naive CD4" T cells differentiate into one of several T
helper cell subtypes, including Tyl, T2, Tyl7, follicular T cells (Try) and peripheral
regulatory T cells (pTres). CD4™ T cell fate depends on the cytokine environment, signalling
through the T cell receptor (TCR), and the transcription factors that these induce.
Differentiation of Tyl cells is triggered in response to presentation of bacterial antigens by
antigen presenting cells (APCs) [1] and requires IL-12-mediated activation of STAT4 [2].
Tw1 cells are characterised by their production of interferon gamma (IFNy), which activates
cell-mediated immunity against intracellular bacteria, viruses, and tumour cells. Inappropriate
or excessive Tyl responses also contribute to inflammatory diseases, highlighting the

importance of understanding the regulation of Ty1 cell differentiation.

Differentiation of naive T cells into Tyl effectors requires the T-box transcription factor T-
bet, encoded by Thx21, which is upregulated via IL12-dependent activation of STAT4 [2, 3].
T-bet directly activates Ifng, and a number of other genes encoding cytokines and receptors,
including 1112rb2, Cxcr3 and Ccl4 [2, 4-6]. T-bet also activates its own expression, by both
directly binding to its own gene and via IFNy-mediated activation of STAT1 [7, 8]. T-bet
mediated Ifng activation is accompanied by chromatin modifications that are maintained in
memory cells [9-11]. In addition to promoting Twl lineage-specification, T-bet also
counteracts differentiation of CD4" T cells into other lineages. T-bet represses expression of
the gene encoding the T2 lineage-specifying factor Gata3 [12] and blocks GATA3 binding
to its target genes [8, 13]. T-bet also supresses Ty17 differentiation by blocking upregulation
of the genes encoding RORyt and IRF4 [14, 15].

Although serving as the Tl lineage-specifying transcription factor, under certain conditions
T-bet can also be expressed in T2, Tyl7, pTrecand in a Tey-Tyl transitional state, revealing
alevel of plasticity in CD4" T cell differentiation [16, 17]. Functionally, T-bet expression in
Twl7 cells is associated with disease in an alergic encephalomyelitis mouse model [18-20]
and T-bet is required for Trec homoeostasis and function during Ty1-mediated inflammation
[21]. T-bet also plays key roles outside of CD4" T cells, including CD8" cytotoxic T cells, y6
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T cells, natural killer (NK) cells, natural killer T (NKT) cells, type | and type 3 innate
lymphoid cells (ILCs), dendritic cells (DCs), monocytes and B cells[3].

Dysregulated T-bet function is associated with inflammatory disease. T-bet is upregulated in
lamina propria T cells of patients with Crohn’s and celiac disease and ex vivo culture of
biopsies from untreated celiac patients with gliadin increases T-bet expression through
STAT1 activation [22, 23]. Genetic variants associated with ulcerative colitis and Crohn’s
disease are enriched at T-bet binding sites and can alter T-bet binding to its target genes.
Transfer of Tox21"" naive CD4" T cells into Rag2”™ mice gave rise to a higher proportion of
IL-17A-producing CD4" T cells and worse colitis compared to mice which received WT
naive CD4" T cells [15, 24], suggesting that T-bet restrains in IL-17A-driven colitis in this
model [24-27].

Naive T cells can be identified by their surface markers and are generally defined as
CD62L"9" CD44'™ CCR7"9". Consistent with their quiescent, non-antigen experienced state,
naive CD4" T cells have not been found to contain T-bet [28, 29] or other lineage-specifying
transcription factors, apart from GATA3, which is essential for CD4" T cell homeostasis in
addition to its role in Ty2 cell differentiation. In contrast, antigen-experienced central
memory T cells (Tew) and effector memory T cells (Tew) are defined as CD62L"9" CD44"M9"
CCR7"" and CD62L'™ CD44"" CCR7'®", respectively [30-33]. However, the distinction
between naive and memory cells is not always clear cut. Small numbers of memory-
phenotype (MP) cells are found in normal, non-immunised mice [34-36]. MP cells, which are
predominantly CD8*, also arise in mice maintained under germ-free and antigen-free
conditions and in humans before birth, indicating they develop in response to self-antigens
[37, 38]. Within the MP cell population, virtual memory (VM) T cells (CD8" CD62L'™"
CD44"" cD122"" CXCR3"" Ly6C"" CD49d'™) are highly proliferative and provide
both antigen-specific immunity and exhibit bystander killing activity [37, 39, 40]. Memory T
cells with a naive phenotype (Tynp) are a human CD8" T cell population defined as
CXCR3* CD49d" CCR7" CD95" CD28™ and are also highly responsive [41]. Tyl-like
memory phenotype (Thl-like MP) T cells (CD4" CD62L° CD44" CXCR3" ICOS'
CD49d"9") have also been identified and have been found to help B cells produce
antibodies and are rapidly able to produce Tyl cytokines, like IFNy, after stimulation with
PMA and ionomycin [42]. Furthermore, they have been shown to express higher levels of
T-bet [42]. Like naive T cells, CD8" T memory stem cells (Tscw) are CD62L"" CD44'™"
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and exhibit high proliferative capacity, but co-express markers CD122 (IL-2Rf), CXCRS,
Sca-1, Bcl2 and low levels of T-bet [43-45]. A population of MP CD4" cells has also been
identified [46, 47]. These cells are present in germ-free and antigen-experienced mice and
develop from CD5" naive cells in the periphery in a TCR and CD28-dependent manner [46].
MP cells contain T-bet'®, T-bet™ and T-bet" subpopulations, with T-bet™ MP cells providing a
rapid, non-antigen specific, upregulation of IFNy in response to infection [46].

Knowledge of the CD4" T cell subsets that express T-bet, the points during T cell ontogeny at
which T-bet is expressed, and the impact of T-bet on cell function is important for
understanding T cell differentiation and its dysregulation in disease. However, progress has
been limited by our inability to identify cells that have experienced T-bet expression. To
address this, we have developed a T-bet™® x Rosa26-Y FP"*™"" mouse line in which YFP
marks cells that have expressed T-bet during their ontogeny. Using this line, we report the
discovery of a previously unobserved CD4" T cell population with a naive cell surface
phenotype, which, nevertheless, has experienced T-bet expression. Arising shortly after birth,
these YFP" naive CD4" T cells accounted for around 1% of splenic CD4" T cells and are
distinct from previously identified populations of memory-like cells. Although displaying
naive cell surface markers, these T-bet-experienced cells were polarised towards the Tyl
lineage, predisposed to rapidly upregulate IFNy upon activation, and stably maintained their
phenotype in opposing polarisation conditions in vitro and in an in vivo colitis model. This
work thus reveals a function for lineage-specifying transcription factors in polarisation of

naive-like CD4" T cells that shapes the subsequent immune response.
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Materialsand Methods

Animals
C56BL/6 Ragl™ (Jackson labs) and Rosa26" ™" (Jackson labs) mice were sourced
commercialy. T-bet™* mice were previously generated by our group. T-bet™®* mice were

bred with Rosa26"™"* to generate the T-bet™®* Rosa26™ ™" line (hereby referred to as T-
bet™ mice). The T-bet"™" line was a kind gift obtained from Jinfang Zhu a NIH/NIAID
(Nationd Institute of Health-National Ingtitute of Allergy and Infectious Diseases) in Maryland,
USA. All mice used were aged between 6-12 weeks, unless stated otherwise. All animal
experiments were performed in accredited facilities in accordance with the UK Animals
(Scientific Procedures) Act 1986 (Home Office Licence Numbers PPL: 70/6792 and
70/8127).

Cell isolation and preparation

Adult mice were euthanized using an approved Schedule 1 method of inhalation of a rising
concentration of carbon dioxide gas followed by cervical dislocation. Embryo and neonatal
mice were euthanised by using an approved Schedule 1 method of decapitation. Spleen,
thymus, liver, mesenteric lymph nodes (mLN), peripheral (axillary, inguinal and cervical)
lymph nodes (pLN), colon and small intestines were excised and placed in cold phosphate
buffered saline (PBS) solution.

Colon and small intestine lamina propria cells were isolated as described [48]. Small intestine
and colon were cleaned, and faeces were removed. Afterwards, they were cut into 1-2 cm
pieces using surgical scissors and put into 10 ml of Hank’s balanced salt solution (HBSS)
without Mg?*/Ca® (Invitrogen) mixed with 5 mM EDTA and 10 mM HEPES (Fisher
Scientific) and incubated at 37.5°C with agitation for 20 mins. Next, intestinal pieces were
filtered, and the subsequent intestinal pieces were sliced into fine pieces using scalpels and
were collected in complete animal medium (RPMI (Gibco) with 10% heat-inactivated feta
caf serum (FCS) (Gibco,), 2 mM glutamine, 100 U/ml penicillin and 100 pg/mi
streptomycin, HEPES (Fisher Scientific), non-essential amino acids, sodium pyruvate and 2-
mercaptoethanol (Sigma). Collagenase (0.5 mg/ml, Roche), DNase (10 pug/ml, Roche) and
dispase 11 (1.5 mg/ml, Roche) were added and the intestinal pieces incubated for a further 20

mins at 37°C with agitation. After incubation, the digestion mix was filtered once more and
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centrifuged at 860g for 10 mins at 4°C. Intestinal lamina propria cells were collected at the

interface after centrifugation through Percol and washed.

Splenic, thymus, liver, mLN and pLN cells were isolated into a single cell suspension in
complete animal medium with the use of 70 pM mesh filter and general mechanical
destruction. The suspension was centrifuged at 860g for 5 mins at 4°C and mLN and pLN.
spleen, thymus and liver cell pellets resuspended, and red blood cells were lysed using a
standard red blood lysis buffer (ACK). The liver pellet was then collected at the interface
after centrifugation through Percol and washed.

Cell sorting

CD4" cells were purified using LS positive selection magnetic-activated columns (MACS)
and anti-CD4 (L3T4) beads (Miltenyi Biotec). CD4" MACs sorted cells were further purified
by fluorescence activated cell sorting using a FACS Aria (BD Biosciences) with a 70um
nozzle insert and FACS Diva software CD4" MACs sorted cells were stained for 20 mins at
4°C in the dark with the following antibodies: anti-CD4-PerCPCy5.5 (RM4-5), anti-CD25-
PE (PC61), anti-CD62L-PECy7 (MEL-14; Thermo Fisher) and anti-CD44-Pacific Blue
(IM1.8.1; Thermo Fisher). Single positive compensation controls and unstained controls were
used to set up instrument settings and for gating strategies. Cell purity was verified post-sort
(requiring 95% purify) and cell viability assessed using trypan-blue staining.

Naive T cdl transfer model of colitis

Naive T cells were transferred as described [26]. Spleens and mLNs were harvested from
either WT C56/BL6 mice or T-bet™ donor mice and mechanically disrupted, as described
before. Naive CD4" T cells (CD4" CD25 CD44'™ CD62L"9") were sorted using a FACS
Ariato a purity of >95%, washed and resuspended in sterile PBS. Rag2” mice were injected
intraperitoneally with 5 x 10° naive CD4" cells per mouse, unless stated otherwise, and
humanely culled after 6-8 weeks. Mice were monitored for their health every week for signs
of illness.

Cdl culture
Unfractionated single cell suspensions of splenocytes (2x10%ml), mLN (1x10%ml) and cLP

cells (1x10%ml) were cultured in complete animal medium for 48 hours in a CO, controlled


https://doi.org/10.1101/2020.07.14.202168
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.14.202168; this version posted July 14, 2020. 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 aCC-BY-NC-ND 4.0 International license.

incubator at 37°C and 5% CO,. Sorted CD4" T cells were also cultured on pre-incubated anti-
CD3/anti-CD28 bound platesin IL-2 (20ng/ml) (Sigma-Aldrich) for 2 days and then just IL-2
(20ng/ml) (Sigma-Aldrich) for afurther 5 days.

CD4" T cell polarisation

Sorted CD4" T cells were cultured on anti-CD3/anti-CD28-bound plates for 2 days and
specific cytokines added for either T40 (hIL-2 (20ng/ml)), Tul (anti-1L-4 (Spug/ml), mIL-12
(20ng/ml), hIL-2 (20ng/ml)), Tu2 (anti-IFNy (20ng/ml), miL-4 (20ng/ml), hiL-2 (20ng/ml)),
Tul7 (anti-CD28 (5ug/ml), anti-IL-4 (Spg/ml), anti-IFNy (20ng/ml), miL-1 (10ng/ml),
mIL-6 (20ng/ml), hTGFB (2ng/ml)) and T,eq ("NTGFB (2ng/ml), hiL-2 (20ng/ml)) polarising
conditions for a further 5 days. Supernatants were harvested and cytokine concentrations
measured by ELISA (Thermo Fisher).

Ex vivo colon organ culture

3 mm punch biopsies (Miltex) were acquired from murine colons at full thickness. 3 biopsies
were cultured in 500 ul of complete animal RPMI for 48 hoursin a CO, controlled incubator
a 37°C and 5% CO,. Culture supernatants were harvested, and cytokine concentrations
measured by ELISA (Thermo Fisher).

ELISA

Cytokine concentrations for 1L-17A and IFNy from the supernatants of cultured cells and ex
vivo colon organ cultures were measured by ELISA (Thermo Fisher Ready-Set-Go). Samples
and standards were measured in duplicate. Standard curves were created with the standards

provided in the kits, in accordance to the manufacturer’s protocols.

Flow cytometry

Single cell suspensions extracted from the various tissues were plated out into flow cytometry
tubes (Sarstedt) at a concentration of 10° cells per ml. Cells were stimulated with 50 ng/ml
phorbol 12-myristate 13-acetate (PMA) (Sigma Aldrich) and 1 pg/ml ionomycin (Sigma
Aldrich) for 4 hours. For intracellular staining, 2 uM monensin (Sigma Aldrich) was added
for the final 2 hours. For intracellular staining, cells were fixed and permeabilised using the
Foxp3 fixation/permeabilization buffer kit (BD Biosciences). FcR receptor blocking
antibodies were added at a concentration of 1:100 for 15 min at 4°C and surface staining
antibodies added together with live/dead stain (Fixable Live/Dead stains Thermo Fisher) and
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incubated for 20 mins at room temperature in the dark. Cells were acquired within 24 hours
of staining. Fluorochromes were purchased from either BD Biosciences, Biolegend or
Thermo Fisher. Fluorochromes used were CD4 (RM4-5), CD8u (53-6.7), CD45.2 (104)
CD45.1 (A20), CD3 (17A2), CD5 (53-7.3), CD44 (IM7), CD62L (MEL-14), CD25 (PC61),
CD127 (A7R34), CD27 (LG.7F9), CD28 (37.51), CD49d (R1-2), CD95 (15A7), CD1la
(M17/4), CD122 (TM-bl), CCR7 (4B12), CXCR3 (CXCR3-173), T-bet (4B10), RORyt
(B2D), Foxp3 (FJK-16S), GATA3 (LS0-823), IL-10 (JES5-16E3), IL-5 (TRFK5), IL-13
(eBio13A), IFNy (XMGL1.2), y6TCR (GL3), CD1d Tetramer (PBS57-loaded or -unloaded,
provided by NIH Tetramer Core Facility), B220 (RA3-6B2), DX5 (DX5), CD11c (N418),
CD11lb (M1/70), Nkp46 (29A1.4), NK1.1 (PK136), c-kit (ACK2), Scal (D7),
Haemotopoietic Lineage Cocktail (consisting of: CD3 (17A2), B220 (RA3-6B2), CD11b
(M1/70), TER-119 (TER-119), Gr-1 (RB6-8C5)), ICOS (C398.4A). After incubation, cells
were washed in sterile PBS and analysed with a L SRFortessa machine (BD Biosciences).

RNA sequencing (RNA-seq)

Naive and effector memory CD4" T cells were sorted using the protocol, as described above
using anti-CD4-PerCPCy5.5 (RM4-5), anti-CD25-PE (PC61), anti-CD62L-PECy7 (MEL-14;
Thermo Fisher) and anti-CD44-Pacific Blue (IM1.8.1; Thermo Fisher). YFP" and YFP naive
and memory cells were sorted on their basis of YFP expression. Cells were sorted into 1 ml
of lysis buffer and either immediately processed for RNA extraction or frozen at -80 for RNA
extraction later using the RNAeasy Micro kit (Qiagen). RNA samples were then checked for
the quality, contamination and concentration using a NanoDrop, Qubit spectrophotometer and
Agilent Bioanalyzer. Libraries were prepared using the Ovation SoLo RNA-seq library
preparation kit (NUGEN genomics) according to the manufacturer’s protocol and were
sequenced on an Illumina HiSeq 3000 to generate 2x75 bp paired-end reads. Reads were
filtered to remove adaptors and low-quality bases and aligned to mm9 using TopHat2 [49].
PCR duplicates were removed using the NUGEN duplicate marking tool and read counts
generated using featureCounts [50]. Differential gene expression analysis between YFP' and
YFP naive or YFP" and YFP Tgy CD4" T cells was conducted using DEseg2 [51], and gene
expression levels across all samples were calculated and normalised using the regularized
logarithm transformation [51]. GSEA was performed using the fgsea package using 1000
permutations [52] with a Tyl gene signature identified from comparison between 3 different
Tnl vs T2 gene expression datasets [53-55]. Fastq files were downloaded from the SRA and
gene centred expression estimates made using kallisto together with the Gencode M20
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transcript models. Ty1-specific genes were then identified using DESeq2, with study and cell
type (ThL/TH2) treated as covariates for batch correction.

Statistical analysis

Statistical analyses were carried using GraphPad Prism 7 (GraphPad Software Inc.).
Significance was calculated using the Mann-Whitney test or, for grouped data, the 1-way
ANOVA test with Dunn’s corrections. P-values <0.05 were judged as significant.
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Results

A population of CD4" T cells with a naive surface phenotype that have previously
expressed T-bet

We generated a fluorescent T-bet fate mapping (T-bet™) mouse line to identify cells that
have expressed T-bet during their ontogeny. We first inserted an IRES-Cre cassette in exon 6
of the endogenous locus Thx21 downstream of the stop codon (Supplemental Fig. 1A). These
T-bet™* mice were then crossed with Rosa26™™"* to generate a T-bet™ line in which
induction of Thx21 triggers Cre expression, removal of the Eyfp stop codon and thus YFP
production (Supplemental Fig. 1B). Thus, this T-bet™ line allows identification of cells that
are expressing, or that have previously expressed, T-bet (Supplemental Figs. 1C and D).

We first sought to characterise YFP expression in a basic gating strategy for cell types that
are known to express T-bet (Supplemental Figs. 1E-G). We found that 11% of CD4" T cells
and 20% of CD8" T cells from the spleens of these mice were YFP'. The proportions of
F4/80", CD11c" and CD19" cells in the spleen were relatively low (6%, 11% and 3%,
respectively; Figs. 1A and B), consistent with the previously characterised expression of T-
bet in subsets of these cell types (Refs). In contrast, as expected, 96% of splenic CD45"
NKp46" lineage’ and CD45" NKp46" lineage’ cells were YFP' (Figs. 1A and B).

We sought to further understand the nature of T-bet expression in CD4" and CD8" T cellsin
spleen and colon. Around a quarter of CD4" effector memory (Tem) CD4s were YFP in both
the spleen and the colon (Figs. 1C and D). Some Tgrec populations have previously been
found to express T-bet [21, 56], and, consistent with this, around 6% of splenic and colonic
CD4" CD25" cells expressed YFP (Figs. 1C and 1D). Only a minority of CD8" Tey cells
were YFP" whereas, for CD8" Tey cells, this proportion increased to ~60% in the spleen and
40% in the colon (Figs. 1C and D).

We next turned our attention to naive (CD62L" CD44) CD4" and CD8" T cells
(Supplemental Figs 1H). T-bet expression is thought to be limited to antigen-experienced T
cells. Surprisingly, however, we identified populations of T cells with naive surface
phenotypes that expressed Y FP; around 2% of naive CD4" cellsin the spleen and colon, 16%
of naive CD8" cells in the spleen and 7% of naive CD8" cells in the colon (Figs. 1C and 1D).
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To determine whether naive CD4" T cells had previously expressed T-bet or were actively
expressing T-bet, we utilised a T-bet AmCyan reporter line. We found that around 1% naive
CD4" T cells and 14% of CD4" Tem cells were T-bet™ (Figs. 1E and F). We conclude that
although T-bet expression is higher in Tem and Tcm populations, there exist populations of
CD4" and CD8" T cells that display evidence of T-bet expression in the context of a
seemingly naive state, which has not previously been reported.

Naive CD4" T cells develop and exit the thymus without expressing T-bet

We sought to determine whether the expression of Y FP in a proportion of naive CD4" T cells
indicated prior T-bet expression in the thymus. We found that thymic DN3, DN4, DP and
CD4 SP cells completely lacked YFPexpression (Figs. 2A and B and Supplemental Fig. 2A).
Unexpectedly, DN1 and DN2 populations exhibited a high proportion of Y FP-positive cells
(32% and 5% respectively; Figs. 2A and B). However, further immunophenotyping
demonstrated that the majority (77%) of YFP" DN1 cells were in fact NK cells (CD127"
NK1.1" CD122"; 35% of cells) or NKT cells (CD122" NK1.1" CD3e"; 42% of cells; Fig. 2C,
Supplemental Fig. 2B). Other YFP-positive cells in the thymus included a small population
of effector (CD62L" CD44") CD4" T cells, of which 50% expressed Y FP, and 5% of thymic
Trec (Figs. 2A and B). However, based on the lack of Y FP expression in DN3, DN4, DP and
CD4 SP cells, we conclude that mature SP CD4 cells leave the thymus Y FP-negative and
only express T-bet, becoming Y FP-positive, in the periphery.

We next examined YFP expression in y6 T cells (Supplemental Fig. 2C) and NKT cells
(Supplemental Fig. 2D), which aso arise from the DP stage in the thymus. As expected, no
progenitor yoT cells expressed YFP (Figs. 2D and 2E). Surprisingly, however, 20% of
immature y3T cells were YFP', meaning that some of the cells have expressed T-bet despite
not being fully mature (Figs. 2D and 2E). Y FP-positivity was primarily associated with IFNy
production, with almost 50% of IFNy" v§ T cells expressing YFP. Interestingly, a small
population (8%) of CD25 IL-17A-producing y8 T cells were also YFP' (Figs. 2D and 2E).
We conclude that as developing yé thymocytes mature, there is an increase in the proportion

that express Y FP, possibly predisposing these cells to becoming T-bet™ IFNy* v& T cells.

Next, looking at NKT cell development, we found that immature stage 1 cells completely
lacked Y FP expression and that Y FP positivity increased to 5-10% at immature stage 2, 15-
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40% at immature stage 3, to finally 60-90% Y FP positivity for mature NKT cells (Fig. 2F and
2G).

We conclude from this analysis of the thymus that conventional CD4" and CD8" T cells
develop in the thymus without expressing YFP and therefore only express T-bet, becoming
Y FP-positive, once they have left the thymus. However, NKT cells and a subpopulation of v
T cells, which both require T-bet to develop to maturity, show an increasing proportion of

YFP* cellsin the thymus before leaving the thymus as mature cells.

Naive CD4" T cells become YFP" shortly after birth

We sought to further characterise the population of YFP' naive-like CD4" cells using
additional cell surface markers and taking cells from different organs within the mice.
Dividing cells into naive (CD62L" CD44 CCR7" CD28" CD27"), Tew (CD62L" CD44*
CCR7" CD28" CD27) and Tew (CD62L" CD44" CCR7 CD28" CD27") populations revealed
that 0.5-1% of definitive naive CD4" T cells were YFP' (Fig. 3A, 3B). As expected, 15-38%
of central memory and 34-74% of CD4" Tew cells expressed YFP. We conclude that there
exists a population of CD4" T cells with all the hallmarks of the naive that nevertheless have
expressed T-bet.

We next sought to determine whether YFP" naive CD4" T cells were present before birth,
potentially in response to self-antigens, or only arise after birth, potentially due to exposure to
environmental antigens. Examination of the fetal liver revealed a lack of YFP' naive or Tcy
CD4" cells, but the presence of YFP" Tey CD4" T cells, comprising around 9% of the
population (Fig. 3C). We found that by 1-week of age, 1% of naive CD4" T cells expressed
YFP in the liver, and despite a significant decrease in the liver at 3 weeks of age, the
proportion of YFP" cells remains consistent afterwards (Fig. 3D and E). A similar pattern was
observed in the spleen, with around 0.6% of cells expressing YFP in 1-week old mice, rising
significantly to 1.5-2% in older animals (Fig. 3D and E). We conclude that Y FP expression,
and thus T-bet induction, within naive T cells occurs shortly after birth. This is consistent

with formation of these cells being driven by the microbiota or other environmental factors.

Naive YFP-positive cells do not correspond to previoudy defined CD4™ T cell

populations
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We next sought to determine whether Y FP-positive naive CD4" T cells might correspond to
previously identified naive-like memory cell populations, in particular memory T cell with
naive-like phenotype (Tune cells) [41], virtual memory (VM) T cells [37], stem cell-like
memory T cells (Tscm) [43, 44], Tul-like memory phenotype (Twl-like MP) cells [42] and
memory-phenotype (MP) cells [46].

We first measured Y FP expression in Tynp cells, which, like naive cells, are CD62L" CD44
CD28" CD27", but also CXCR3" and CD49d" [41]. In contrast to YFP' naive cells, which
were readily detected, we identified very few Tynp cells within the peripheral organs of T-
bet™ mice (Supplemental Figure 3A) and none of these cells were YFP (Fig. 4A). In
contrast, 0.3% of CXCR3 CD49d naive CD4 T cellswere YFP' cells and 16.7% of CXCR3"
CD49d" cells were also YFP™ (Fig. 4A). This demonstrated that YFP®, T-bet-experienced,
naive-like CD4" T cells do not correspond to Tunp cells. Using the same gating strategy, it
was aso possible to identify VM cells (CD62L" CD44" CD49" CXCR3") [57]. 73% of these
cells were YFP', but since they were not CD62L" and CD44, these are distinct from the
naive YFP" cell population (Fig. 4A). Finally, using the same gating strategy, we could
identify Ty1-like MP cells, which are CD44" CD62L" CXCR3" CD49d" [42]. Since these
Tul-like MP cells have been shown to express higher levels of T-bet and rapidly produce
IFNY, it was unsurprising to see that 74.2% of these cells were also YFP' (Fig. 4A).

We then measured Y FP expression in Tscy, which like naive cells are CD62L* CD44 CD28"
CD27" IL-7R" but also express the memory cell markers CD122" and CD95" [43, 44]. We
identified very few of these cells present and found that these were uniformly Y FP-negative
(Fig. 4B and Supplemental Fig. 3B). In contrast, 0.6% of the canonical naive CD4"
population (CD62L" CD44 CD28" CD27' IL-7R" CD122° CD95) were YFP' (Fig. 4B).
Thus, naive YFP* CD4" T cells are distinct from Tscw.

We next examined Y FP expression in MP cells, which have been found to differentiate from
a population of CD5" naive cells in the absence of foreign antigen and exist in T-bet'®, T-
bet™ and T-bet" states [46]. We found that only a minority of naive CD5" cells were Y FP";
around 2% in the spleen, 6% in the mLN, 4% in the colon and 1% in the liver (Fig. 4C).
Thus, we have shown here that these naive Y FP" cells and MP cells are both CD5".
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Lastly, we sought to investigate potential differences in the expression of the typical activated
memory markers CD122, CD49d and CXCR3 on between YFP" and YFP" CD4" naive
(CD62L" CD44) and Tewm (CD62L" CD44") cells. We found that both YFP and YFP" naive
CD4" T cells exhibited lower levels of CD49d and CD122 in comparison to both YFP* and
YFP Tem populations (Fig. 4D). This again suggests that Y FP" naive cells are not a memory
population. Interestingly, when comparing YFP" naive against YFP naive T cells, the only
major difference in surface marker expression was CXCR3, which was present on 30% of
YFP" naive cells compared with only 3% of YFP naive CD4" T cells (Fig. 4E). We conclude
that YFP' naive CD4" T cells share naive surface markers with YFP naive CD4" T cells
except for an increased CXCR3 expression and do not represent a previously described T cell
subset. Given this characterisation, we will refer to the phenotype of these cells as naive from

hereonin.

YFP" naive CD4" T cellsare predisposed to produce | FNy upon activation

We hypothesised that YFP" naive cells may possess distinct properties to YFP naive cells
and that their experience of T-bet expression may allow rapid upregulation of IFNy. To test
this, we purified YFP and YFP' naive (CD62L" CD44") and Tey (CD62L° CD44") CD4* T
cells, activated these cells in vitro in non-polarising conditions and measured cytokine
production and T-bet expression by ELISA and flow cytometry. Stimulation of naive Y FP"
cells in non-polarising conditions caused robust induction of IFNy production that was not
observed in the YFP population (Fig. 5A, Supp Fig. 4A). In contrast, there was no
production of IL-17A, demonstrating that naive YFP" cells are specifically polarised towards
the Th1 lineage. T-bet was present in over 90% of IFNy-producing Y FP" naive cells, whereas
YFP naive cells lacked T-bet expression (Fig. 5A). We aso examined the effect of
stimulation on cytokine production by YFP" Tew cells. As we found for their naive
counterparts, YFP" Tem cells expressed IFNy, but not IL-17A, whereas YFP effector cells
expressed either IFNy or IL-17A (Fig. 5B, Supp Fig. 4A).

We next sought to determine whether the predisposition of YFP" naive cells to produce IFNy
was stable under Tp2, Tyl7 and iT.eq polarising conditions. The naive YFP" population
resisted induction of IL-4 or IL-17A after culture in Ty2 or Tyl7 -polarising conditions,
respectively (Figs. 5C and 5D). Similarly, compared to YFP naive cells, a greater proportion
of YFP' naive cells maintained IFNy production under T2 and i Tres-polarising conditions,

although induction was weakened compare to Tyl conditions (Fig. 5C and 5D). We conclude
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that naive YFP" cells are predisposed to produce IFNy over cytokines of other T cell lineages

when polarised in vitro.

Naiveand Tem YFP® CD4" T cdllsare polarised towardsa T 1 phenotype

We wished to determine whether the predisposition of YFP" naive cells to produce IFNy
reflected polarisation towards the Tyl lineage. To test this, we compared the gene expression
profiles of YFP' versus YFP naive and CD62L" CD44" Tegy CD4" T cells using RNA-seq.
Visualising the relationship between the expression profiles of the four cell populations, we
found that YFP' naive and YFP' Tgy cells were distinct from their YFP counterparts, with
YFP" naive cells being more similar to YFP naive cells than to either of the Tgw cell
populations (Fig. 5E and Supplemental Fig. 4B). This is consistent with our flow cytometric
analyses showing that YFP" naive cells display the hallmarks of a naive cell population.

We next sought to identify the genes that distinguished YFP" naive cells from YFP naive
cells. We found that YFP" cells exhibited high levels of expression of a number of T-bet
target genes that mark Tyl cells, including Thx21, 1fng, Cxcr3, Ccl4, Ccl5, Itgbl, Havcr2,
Nkg7, 1112rb1 and I118rap, and genes encoding transcription factors that cooperate with T-
bet, including Zeb2, Hopx and Bhlhe40 (Fig. 5F). Consistent with this, gene set enrichment
analysis (GSEA) confirmed enrichment of Ty1 genes within the set of genes highly expressed
in YFP' versus YFP naive cells (Supp. Fig. 4C). Thus, these data demonstrate that Y FP"
naive cells are polarised towards a Tyl lineage phenotype. We also noted higher expression
of Foxp3, Ikzf2 (Helios) and Nrpl, required for Treg function, suggesting there might also be
heterogeneity within the Y FP" naive cell population.

We next turned our attention to the expression profile of YFP" Tew cells compared to their
YFP counterparts. As for the naive cells, we identified higher expression of a number of Tyl
genes, including Ifng, Tbx21, Cxcr3, Ccl5, 1112rb2, 1118rap, Nkg7, Prfl and Fadl (Fig. 5G).
YFP" Tew cells aso exhibited reduced expression of a broad set of genes suggesting that in
this differentiated population, the repression of alternative differentiation pathways is a key
function of T-bet expression. We conclude that YFP" naive and memory subsets have distinct
gene expression profiles from their YFP counterparts, which is consistent with T-bet

function in these cdlls.

Naive YFP* CD4" T cellsremain Tyl polarised in amurine Ty1/Tx17 model of colitis
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Therole of Tyl and Ty17 cellsin inflammatory disease is reflected by the induction of colitis
upon adoptive transfer of naive CD4" T cells into Rag2”™ mice, which is marked by awasting
phenotype, inflamed colons, splenomegaly and a Tul, Tul7 and Tul/Twl7 dual/hybrid-
driven inflammatory response [25]. To test whether the Tyl polarised phenotype of YFP*
naive cells altered their ability to induce inflammatory disease, we transferred either 25,000
YFP or YFP' naive CD4" T cells into separate Rag2”™ mice and observed disease symptoms
and cytokine production in colon organ cultures and in unfractionated cells from spleen, mLN
and colon by ELISA. Neither group of mice developed wasting disease, most likely due to
the small number of naive T cells available for transfer, however both sets of recipient mice
gained less weight compared to control mice (Fig. 6A). Next, examining colon and spleen
weights, we found that mice receiving YFP' naive T cells had smaller colons (p<0.05) and
spleens in comparison with YFP naive T cell recipient mice (Fig. 6B), suggesting that Y FP*
CD4" T cells induced less inflammation than their YFP counterparts. Donor CD4" T cells
could be detected in the colon, mLN and spleen after 9 weeks of transfer. Measuring cytokine
production by donor cells in these organs, we found no difference in the proportion of IFNy-
producing CD4" T cells in YFP" versus YFP treated mice (Figs. 6C and D). There was a
dlight decrease in IL-17A producers in the colon from YFP' transferred mice, although this
was not significant. However, the level of IFNy production measured by ELISA in the
supernatant from colonic biopsy organ culture (Supplemental Fig. 5A) and from bulk
cultured cells (Supplemental Fig. 5B) from the colon from YFP' naive T cell recipient mice
was significantly greater than for YFP naive T cell recipients. This demonstrates that either
the predisposition of YFP" CD4" T cells to produce IFNy is maintained in vivo or that receipt
of YFP" CD4" T cellsincreases IFNy production by other cellsin the mice.

In order to test whether YFP" naive CD4" T cells were fixed to producing IFNy even in the
Twl7-polarising environment of the T cell transfer colitis model, we co-transferred a total of
50,000 naive CD45.2 YFP" CD4" T cells and naive CD45.1 CD4" T cells at aratio of 10:90
(CD45.2 YFP': CD45.1) into Rag2”™ mice. Co-transfer of both cell populations produced a
wasting phenotype indicative of disease in this colitis model (Supplemental Fig. 5C). The
transferred YFP" CD45.2 population contained significantly more IFNy-positive cells and
lacked IL-17A-positive cells, as expected, compared to CD45.1 cells, which were able to
produce IL-17A (Figs. 6E and 6F). We conclude that YFP" naive CD4" T cells remain

polarised to the TH1 lineage, evenin a Ty1/Ty17-driven colitis model in vivo.
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Discussion

Here, we report the use of anovel T-bet™ mouse line to identify cells that have expressed the
Thl lineage-specifying transcription factor T-bet. The T-bet™ mouse line has allowed
confirmation of known T-bet expressing lineages and revealed previously uncharacterised T-
bet expressing cell populations. We identify a distinct sub-population of CD4+ T cells that
have a naive surface phenotype but that have experienced T-bet expression. The cells arise
after birth, exhibit a Tyl expression profile and rapidly upregulate IFNy upon activation. The
Twl phenotype is stable both in repolarising conditions in vitro and in a Thl/Ty17-driven
inflammatory disease model in vivo. We conclude that T-bet expression defines a population

of Tu1l-polarised naive-like cells that function to shape subsequent T helper cell responses.

The pattern of YFP positivity, marking cells that have experienced T-bet expression,
recapitulates previous knowledge of T-bet function. For example, the expression of T-bet in
developing NKT cells and v6 T cells in the thymus [58-61]. Interestingly, as described
previously, IFNy-producing yo T cells express T-bet and IL-17A producing yo T cells express
RORyt. However, our data suggests that a subset of IL-17A producing y6 T cells has aso
expressed T-bet. Further phenotyping of these y6 T cells would be required to identify the
different Vy variable regions within these subsets [62]. As expected, developing thymic SP
CD4" and CD8" T cells and DP cells were all YFP negative. All cell types in the periphery
that were expected to express T-bet - NK cells, CD4" Ty and Tew and CD8' Tew and Tew -
were positive for YFP [2, 61, 63-69].

Unexpectedly, we found that populations of CD4" T cells with naive markers in the
peripheral blood were YFP". We could also detect ongoing T-bet expression in a subset of
naive CD4" T cellsin T-bet*™®" reporter mice. Characterisation of YFP* naive CD4" T cells
revealed them to lack the markers of Tscm, Tune, Trl-like MP or VM cells [41-43, 57, 70,
71] and thus represent a novel cell population. YFP' naive CD4 cells were CD5"" and since
MP cells have been shown to also be CD5"", we suggest that these could the same cells.
These YFP" naive cells may be related to precursors to the T-bet™ MP cells but might not be
the MP cells themselves. However, further phenotyping and functional responses to T.gondii

and other external pathogens would be needed in order to confirm this [46]. Interestingly,
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30% of the YFP" naive CD4 T cells were positive for CXCR3. CXCRS3, aknown T-bet target
gene, is required for the migration of both CD4" and CD8" T cells to sites of inflammation [5,
72-74]. Thus, YFP" CXCR3" CD4" T cells could be predetermined early immune responders

that are able to migrate to areas of infection where they can rapidly induce a Ty1 response.

We found that YFP" cells are absent from foetuses and only develop after birth, when they
become visible from as early as 1 week of age and remain throughout the lifespan of the
mice. This suggests a requirement for an environmental antigen. This further supports the
idea that YFP" naive CD4" T cells are predisposed early inflammatory responders that react

to environmental antigens.

In vitro and in vivo analyses of YFP' naive T cells show that they have a different phenotype
to their YFP counterparts. The cells exhibit a Tyl expression profile and produce high
amounts of IFNy upon activation. YFP" naive T cells also resist polarisation to different
lineages both in vitro and in a Thl/Tu17-driven colitis model in vivo. These data are again
consistent with a role for these cells as early Tul-polarised responders whose role is to
produce IFNy within inflammatory environments. These data also suggested that the YFP"
naive T cells are unable to initiate an colitogenic phenotype on their own due to their lack of
IL-17A production, which is required for induction of colitis in the naive T cell transfer
model [15, 23-27]. These data further emphasised that YFP" naive CD4 T cells are fixed to
rapidly produce IFNy.

The expression of a T-bet in cells that are otherwise naive suggests that lineage specification
can proceed in the absence of overt T cell activation. Identification of signals responsible for
T-bet upregulation, and why these have such subtle effects on the phenotypes of the cells,
will require further investigation. The use of fate mapper mouse models to study the
expression or activation of other T cell lineage-specifying factors will also reveal whether

thisis amore general phenomenon.

In conclusion, we have identified a CD4" T cell subset with a naive surface phenotype that
has experienced T-bet expression, is pre-polarised to the Tyl lineage, and which provides a
rapid and stable source of IFNy upon activation. This has implications for our understanding

of the mechanisms that shape T helper responsesin infection and inflammatory disease.
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Figure Legends

Figure 1. T-bet fate mapping identifies a population of peripheral naive-like CD4" T
cells that have experienced T-bet expression.

A. Representative flow plots showing Y FP expression in different splenic cells populations.
B. Quantification of the proportions of YFP" cells for each cell type shown in A (n=3).

C. Representative flow plots showing YFP expression in naive CD4" T cells (CD3" CD4"
CD8 CD25 CD62L" CD44), effector CD4" T cells (CD3" CD4" CD8 CD25 CD62L"
CD44"), regulatory T cells (CD3" CD4" CD8 CD25"), naive CD8" T cells (CD3" CD4 CD8*
CD62L" CD44), effector CD8" T cells (CD3" CD4 CD8' CD62L" CD44") and central
memory CD8" T cells (CD3" CD4 CD8' CD62L" CD44") from the spleen (above) and colon
(below).

D. Mean proportions of YFP" cells from the different subtypes of T cells in the spleen (n=9)
and colon shown inin E (n=6).

E. Representative flow plot showing the proportion of CD3" CD4" naive or Tgy cells
expressing AmCyan in the T-bet"™*" mouse reporter line.

F. Overall dot plot showing the proportion of CD3" CD4" naive or Teyw cells expressing
AmCyan in the T-bet* ™™ mouse reporter line (n=4).
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Figure 2. Naive CD4" T cells develop and exit the thymus without expressing T-bet.

A. Representative flow plots showing Y FP expression in thymic DN1 (CD3” CD44" CD25),
DN2 (CD3 CD44" CD25"), DN3 (CD3" CD44 CD25"), DN4 (CD3" CD44 CD25), DP
(CD3" CD4" CD25"), naive CD4" T cells (CD3" CD4" CD8 CD62L" CD44'), memory CD4"
T cells (CD3" CD4" CD8 CD62L" CD44") and regulatory CD4" T cells (CD3" CD4" CD§
CD25").

B. Mean proportions of YFP" cells in the different thymic cell subsets shown in A (n=12).

C. Representative flow plots of NK and NKT markers on YFP" cells from DN1 (live CD4
CD8 CD44" CD25 CD122" NK1.1") and DN2 (live CD4 CD8 CD44" CD25' CD122"
NK1.1%) cells from the thymus.

D. Representative flow plots showing Y FP expression in five populations of developing y6T
cells in the thymus: progenitor y3T cells (CD25" CD27° CD24"), immature y3T cells (CD25
CD27' CD24%), IFNy-producing y8T cells (CD25 CD24 CD27") and the two IL-17A-
producing y8T cells (CD25 CD27 CD24 and CD25" CD27 CD24").

E. Mean proportions of YFP" cells from the different stages of T cells development shown
in D (n=6).

F. Representative flow plots showing Y FP expression in the four populations of developing
NKT cellsin the thymus: Immature 1 (CD44" CD24"), immature 2 (CD44" CD24), immature
3 (CD44" CD24 NK1.1') and mature NKT cells (CD44" NK1.1Y).

G. Mean proportions of YFP" cells from the different stages of NKT cell development shown
inF (n=12).
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Figure 3. Naive CD4" T cells become YFP' shortly after birth.

A. Representative flow plots showing Y FP expression in the naive CD4" T cells (live CD3"
CD4" CD62L" CD44 CCR7' CD28" CD27"), effector CD4" T cells (live CD3" CD4"
CD62L" CD44" CCR7 CD28" CD27) and central memory CD4" T cells (live CD3" CD4"
CD62L" CD44" CCR7 CD28 CD27) in the thymus, spleen, colon, mesenteric lymph nodes,
peripheral lymph nodes and liver.

B. Mean proportions of YFP" cells in naive, effector memory and central memory CD4"™ T
cell populations shown in A (n=3 for thymus, colon, pLN, n=5 for liver, n=6 for mLN and
n=8 for spleen).

C. Representative flow plots showing YFP expression in naive (CD62L" CD44), effector
(CD62L" CD44") and central memory (CD62L" CD44") CD4" T cellsin the foetal liver, adult
liver and adult spleen.

D. Representative flow plots showing YFP expression in splenic naive (CD62L" CD44)
CD4" T cells from 1-week (n=5), 3-week (n=6), 8-week (n=8), 25-week (n=4) and 50-week
(n=4) old mice.

E. Mean proportions of YFP' cells in naive (CD62L" CD44") CD4" T cells from 1-week
(n=5), 3-week (n=6), 8-week (n=8), 25-week (n=4) and 50-week (n=4) old mice. * = P<0.05,
** = P<0.01 (Kruskal-Wallis test performed with Dunn’s corrections)
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Figure 4. YFP-positive naive-like cells do not correspond to previoudy defined CD4 T
cell populations

A. Representative flow plots showing YFP expression in splenic CD28" CD27" T cdll
populations divided by CD62L, CD44, CXCR3 and CD49d expression. Naive (CD62L"
CD44  CXCR3 CD49d), Tune (CD62L* CD44° CXCR3" CD49d"), Ty1-like MP (CD62L
CD44" CD49d" CXCR3") and VM (CD62L" CD44" CD49d" CXCR3") T cell populations are
labelled.

B. Representative flow plots showing YFP expression by conventional naive CD4" T cells
(CD62L" CD44 CD28" CD27" CD127" CD122 CD95) compared with Tscm (CD62L"
CD44 CD28" CD27" CD127" CD122" CD95") from the spleen.

C. Representative flow plots and mean proportions of naive YFP* CD5" CD4" T cells (live
CD3" CD4" CD62L" CD44) in the spleen, mLN and colon (n=6 for spleen and mLN, n=>5 for
colon and n=4 for liver).

D. Representative histograms showing surface marker expression in YFP vs YFP' naive
(live CD3* CD4* CD62L* CD44) and effector memory (live CD3" CD4* CD62L" CD44%)
CD4" T cells from the spleen.
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Figure 5. YFP' naive-like CD4" T cellsare polarised towardsthe Ty1 lineage.

A. Representative flow plots showing cytokine expression (top) or T-bet and Y FP expression

(bottom) in YFP and YFP' naive (CD62L+CD44_) CD4" T cells after activation with anti-
CD3/CD28 and culture with I1L-2.
B. Representative flow plots showing cytokine expression from in vitro cultured YFP and

YFP' memory (CD62L CD44) CD4" T cells after activation with anti-CD3/CD28 and
culture with IL-2.

C. Representative flow plots showing cytokine expression in naive (CD62L+ CD44_) CD4 T
cells after activation with anti-CD3/CD28 activation and polarisation in Tyl, T2 Tyl7 and
i Treg conditions in vitro (n=6).

D. Cytokine expression (mean and SEM (n=6)) in naive (CD62L+ CD44-) CD4+ T cells after
activation with anti-CD3/CD28 and polarisation in Tyl, Tu2 Tul7 and iTrec conditions in
vitro.

E. PCA plot showing the relationship between the gene expression profiles of YFP* and Y FP
naive (live CD3" CD4" CD62L" CD44") and Tem (live CD3" CD4" CD62L" CD44") CD4" T
cell populations.

F. Volcano plot showing differential gene expression between YFP" and YFP naive CD4" T
cells (log2 fold change vs adjusted p-value). Genes more highly expressed in YFP' cells are
in red and those more highly expressed in YFP cells are in blue. Selected differentially
expressed genes are labelled.

G. Volcano plot showing differential gene expression between YFP" and YFP Tegy CD4™ T
cells (log2 fold change vs adjusted p-value). Genes more highly expressed in YFP' cells are
in red and those more highly expressed in YFP cells are in blue (pa <0.05, [log2FC|>1).
Selected differentially expressed genes are labelled.
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Figure 6. YFP" cdlsinduce less inflammation but more | FNy compared to conventional
naive CD4" T cells after transfer to Rag2” mice.

A. Weight change in Rag2” mice after receipt of no T cells or 25,000 purified naive YFP" or
naive YFP CD4" T cells (n=3 for each transfer and n=7 for control).

B. Spleen and colon mass in Rag2”™ mice after receipt of no T cells or 25,000 purified naive
YFP" or naive YFP CD4" T cells (n=3 for each transfer and n=7 for control) * P<0.05.

C. Representative flow plots showing the proportion of YFP and YFP' naive CD4" T cells
that produce IFNy and IL-17A after transfer into Rag2”™ mice, separated by organ.

D. Mean proportion of YFP and YFP" naive CD4" T cells shown in C that produce IFNy and
IL-17A after transfer into Rag2”™ mice, separated by organ (n=3 for each transfer).

E. Mouse weights after co-transfer of 50,000 naive (CD62L" CD44") CD45.1 and CD45.2
YFP' CD4" T cells a aratio of 90:10 in Rag2” mice (n=5).

F. Representative flow plots showing IFNy and IL-17A production by naive CD45.1" and
CD45.2 YFP'CD4' T cells after co-transfer 90:10.

G. Mean proportions of naive CD45.1 and CD45.2 YFP' CD4" T cells producing IFNy after
co-transfer into Rag2” mice at a ratio of 90:10 (n=5). *** P<0.001 when using non-
parametric multiple t-test.
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Supplemental Figure L egends

Supplemental Figure 1. Characterising YFP expression in the T-bet™ mouse.
A. Schematic showing the insertion of Cre into exon 6 of Thx21.
B. Schematic showing the generation of the T-bet™ x ROSA26Y FP"" mouse line.

C. Representative flow plots showing cytokine and Y FP expression in naive (CD62L+ CD44

) CD4 T cells after activation with anti-CD3/CD28 activation and polarisation in Tyl and
Tw2 conditions.

D. Representative histogram showing T-bet expression of IFNy* YFP" and IFNy” YFP cells.
E. Representative flow plots showing the gating strategy for NK-like and NKT-like cells.

F. Representative flow plots showing the gating strategy for lymphoid cells.

G. Representative flow plots showing the gating strategy for myeloid cells.

H. Representative flow plots showing the gating for CD4" and CD8" T cell subsets in the

spleen and colon.
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Supplemental Figure 2. YFP expression in cells of thethymus.

A. Representative flow plots showing the gating strategy used for cells in the thymus.

B. Representative flow plots showing the proportion of YFP and YFP* DN1 cells expressing
NK and NKT markers.

C. Representative flow plots showing the gating strategy used to identify yoT cells in the
thymus.

D. Representative flow plots showing the gating strategy used to identify NKT cell in the

thymus.
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Supplemental Figure 3. Gating strategies for Tscm, VM, Tul-like MP and Tyne CD4™ T
cells.

A. Gating strategy shown for identifying Tunp, Tnl-like MP and VM T cells in the naive
(CD62L" CD44") compartment in the spleen.

B. Gating strategy shown for identifying Tscy in the naive (CD62L" CD44) compartment in
the spleen.
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Supplemental Figure 4. YFP" naive-like CD4" T cells are predisposed to produce | FNy
upon activation.

A. IFNy and IL-17A in the supernatant of the cultured cells measured by ELISAS (n=6,
except n=2 for YFP" naive CD4 T cells). * = P<0.05 (Kruskal-Wallis test performed with
Dunn’s corrections)

B. Representative flow plots showing YFP and IFNy expression by naive (CD62L" CD44)
YFP and YFP" CD4" T cells after activation with anti-CD3/CD28 and culture with IL-2 for
3,5and 7 days.

C. Mean proportions of naive (CD62L" CD44") CD4" T cells shown in B that produce IFNy
after 3, 5 and 7 days of culture (n=3 for day 5 and 7 and n=1 for day 3).

D. Heatmap from RNA-sequencing showing the fold change in gene expression between
sorted naive (CD62L" CD44) CD4" YFP, naive CD4" YFP', effector memory (CD62L
CD44") CD4" YFP and effector memory CD4" YFP' (n=3).

E. Gene set enrichment analysis (GSEA) confirming enrichment of Tyl genes within the
naive YFP" CD4" cells versus naive YFP CD4" cells.


https://doi.org/10.1101/2020.07.14.202168
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.14.202168; this version posted July 14, 2020. 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 aCC-BY-NC-ND 4.0 International license.

Supplemental Figure 5. Naive YFP" cells maintain stable | FNy production and lack IL-
17A productionin a T cell transfer-induced colitis model.

A. Quantification of IFNy and IL-17A in the supernatant by ELISA after 48 hours of colon
organ culture (n= 3, except n=6 for the no transfer control). * P<0.05

B. Quantification of IFNy and IL-17A in the supernatant of unfractionated cell cultures from

colon, spleen and mLN (n= 3, except n=6 for the no transfer contral). * P<0.05
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