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Abstract

Soon after diagnosis with type 1 diabetes (T1D), many patients experience a period of partial
remission. A longer partial remission is associated with a better response to treatment, but the
mechanism is not known. The frequency of CD4*CD25'CD127" (127-hi) cells, a cell subset with
an anti-inflammatory Th2 bias, correlates positively with length of partial remission. The
purpose of this study was to further characterize the nature of the Th2 bias in 127-hi cells. Single
cell RNA sequencing paired with TCR sequencing of sorted 1z.-hi memory cells identifies
clonally expanded Th2 clusters in 127-hi cells from T1D, bu* ~o. f.om healthy donors. The Th2
clusters express GATA3, GATA3-AS1, PTGDR2, IL17R2. IL4R and IL9R. The existence of
127-hi Th2 cell clonal expansion in T1D suggests t.>t disease factors may induce clonal

expansion of 127-hi Th2 cells that prolong partiel .-mission and delay disease progression.
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1. Introduction

Type 1 diabetes (T1D) is an autoimmune disease resulting in the destruction of insulin secreting
B-cells by T cells (1). There is no cure for T1D, but several immunotherapies have shown
promise (2-5) thereby encouraging the notion that the disease might be reversed by modulating
the immune system. Soon after diagnosis, most T1D patients experience a period of reduced
insulin requirement (6-9). This period of partial remission can last from several weeks to over a
year (10-11). The mechanism of partial remission is not known, buu ~ longer remission period is
associated with a reduced risk of acute and long-term T1D c7..>n.cations (12). Partial remission
is also associated with better residual B-cell function (6-2) and consensus in the field is that

immunotherapy is most effective during this period (2-F).

The mechanism of partial remission is not “ncwn. However, previously published work showing
that patients with the highest frequency ~f 127-hi cells have the longest partial remission and
greatest C-peptide preservation s.2ae~t an immune involvement (13-14). In addition, T1D
patients with higher than the me.n frequency of 127-hi cells at diagnosis respond more favorably
to the anti-inflammatory ri.'q, /slefacept, in the TIDAL clinical trial (14-17). 127-hi cells are a
mix of naive, central n.~mory and effector memory cells, the majority of which are either
committed Th2 (14, 18-19), expressing the Th2 transcription factor GATA3 (20), or pre-
committed Th2 (14, 18-19) expressing the chemokine receptor CCR4 but not CXCR3 and

CXCRS5 (21-22).

Th2 cells have been shown to exert a protective effect in the well-established NOD mouse model

for spontaneous T1D by secreting the cytokine IL-4 (20, 23). IL-4 negatively influences the



development and expansion of potentially pathogenic pro-inflammatory Th1 cells and their CD8
T cell counterpart, Tcl cells (24-29). In addition, the Th2—type transcription factor GATA-3 (30)
plays a critical role in promoting the Th2 response and in inhibiting Thl differentiation (31-34).
Th1 cells, on the other hand, negatively influence the expansion of Th2 memory cells and are
positively induced by cytokines IL-12 and IFN-y (24-29). These data are consistent with the
notion that 127-hi cells play an active role in prolonging length of remission (LoR) and B-cell
survival by inhibiting the expansion of pathogenic Thl and -1 cells, because they are
predominantly Th2 memory cells. Further characterizatior ™ e 127-hi cell population is
necessary to determine whether they play a role in protecticn from T1D progression and whether
they can be exploited to reverse and stop the disease. T:.> purpose of this study was to identify
the cell subsets and molecular markers within the * 27 hi cell compartment that contribute to the

Th2 bias.

2. Methods

2.1 Patient population: T1D PEMC ror experiments described in Figures 1 and 2 were provided

by the Immune Tolerance Mewrk (ITN) (Supplemental Table 1). For Figure 3, PBMC samples
were stained at ITN ana "ow cytometry data sent to SDBRI for analysis (Supplemental Table 2).
The flow data in Figure 3 were blinded until after flow cytometry analysis of cell subset
frequency was complete and the data were submitted to ITN to be locked. ITN unblinded the
data for SDBRI investigators and provided the insulin dose, HbAlc, and C-peptide levels, at
either 3 or 6 monthly intervals for at least 2 years, for SDBRI investigators to determine
correlations between cell subset frequency and LoR. For the experiments described in Figures 4,

5 and 6, T1ID PBMC were made available by ITN for assays performed at SDBRI. SDBRI



investigators are still blinded to age, sex, demographics, and clinical data including insulin dose,

HbA1c and C-peptides because this is part of an ongoing much larger study that is still blinded.

2.2 Healthy subject population: For the experiments described in Figures 1, 2, 4, 5 and 6 whole

blood from healthy donors was obtained by SDBRI from the Normal Blood Donor Program at
The Scripps Research Institute (TSRI) (Supplemental Table 1 for Figures 1 and 2; Supplemental
Table 3 for Figures 4, 5 and 6). Human Subjects protocols and corisont forms were reviewed and
approved by both TSRI IRB and SDBRI IRB. Whole blrza =as collected in heparin and
processed within 2 hours. PBMC were isolated using sw.ndard methods and frozen in liquid

nitrogen.

2.3 Study approval All clinical investigati-n w as conducted according to Declaration of Helsinki

principles. All data involving T1D dono.s and reported in Figures 1, 3, 4-6 and Tables 1-3, and
Supplemental Figures 1-3 and 5, ard S irplemental Tables 1, 3-7 of this study were generated at
SDBRI using vials of frozen PB. 1C samples obtained from ITN as part of their prior studies. For
the data presented in Figu™ 5 ~*d Supplemental Figure 4 PBMC samples were labeled for flow
cytometry by Benaroya Research Institute and the data analyzed at SDBRI. All ITN human
studies were approved by the appropriate Institutional Review Boards and written informed
consent was received from participants prior to inclusion in the study. PBMC and data from
healthy donors were collected at SDBRI under an approved IRB. The sample use and data
analysis for T1D and healthy donor samples was approved by the San Diego Biomedical

Research Institute IRB under Exemption 4.



2.4 Measurement of partial remission and 3-cell function using IDAA1c and C-peptide AUC: A

standard formula, HbAlc (%) + (4 x insulin dose (U/kg per 24 hours), is used to take into
account both insulin requirement and HbALc levels in a single value, the Insulin Dose Adjusted
Alc (IDAALc). An IDAAIc equal to or less than 9 indicates the partial remission period (35). In
this study the end of partial remission is between the last visit when IDAA1c is equal to or less

than 9 and the first visit when IDAALc is greater than 9. Length of remission is the time between

diagnosis and end of remission. Stimulated C-peptide AUC was c2lculated over 120 minutes

using the trapezoidal rule, with observed C-peptide valucs 2 U, 15, 30, 60, 90, and 120

minutes. Fasting C-peptide was measured in pmol/mL.

2.5 T cell subsets identified by Flow Cytometr: *‘ia.s of PBMC from patients with T1D were

thawed and stained at Benaroya Resec.ch Institute with the antibody panel, CD3, CD4,
CD45RA, CD45RO, CD127, CD25, CCR7, CXCR5, CXCR3 and CCR4, and the flow
cytometry data analyzed at SDBRI Thi: antibody panel was used to identify CD4*, CD4" CD25"
CD127" (127-hi), CD4" CD25 ‘CD25-neg) T cells and Tregs (CD25" CD127""). To quantify
the relative frequency of rae (CD45RA", CD45RO°, CCR7"), central memory (CM; CD45RA,
CD45R0O", CCR7"), anu =ffector memory (EM; CD45RA", CD45R0O", CCR7) in total CD4",
127-hi and CD25-neg anti-CCR7, anti-CD45RA and anti-CD45R0O antibody staining was also
used. To identify pre-committed Th1l and Th2 memory cell subsets within CD4", 127-hi and
CD25-neg memory cell populations, CD45R0O, CXCR5, CXCR3, and CCR4 staining was used
(CD45R0O" CXCR5 CXCR3" CCR4 for pre-committed Thl, and CD45RO" CXCR5 CXCR3

CCR4" for pre-committed Th2) (21-22). Data were acquired on an LSRII (ITN), Canto Il



(SRSI), LSR Fortessa and LSR Il (MCW) and Fortessa X20 (UQ) and analyzed using FlowJo

version 10 (Ashland, OR). Isotype or FMO controls were used in every experiment.

2.6 Bulk RNAseq: Healthy and T1D PBMC were thawed and rested overnight. Rested cells were

negatively selected for the CD4 subset and stained with fluorescently labeled antibodies specific
for CD45R0O, CD127 (IL7R), CD25 (IL2RA), and CD3 for cell sorting. 127-hi and CD25-neg
memory cells, defined as memory based on their expression of CHh42R0O, were sorted using an
Aria 11, RNA was extracted using the Qiagen RNA extractio 1 kit SMART-Seq® v4 Ultra® Low
Input RNA Kit for Sequencing (Takara, Catalog# 63485 a1.3 used to generate cDONA. RNASeq
was performed at University of California at San Diego 1 :stitute of Genomic Medicine (IGM)
Sequencing Core and the data was analyzed t:* UCsD’s Center for Computational Biology &
Bioinformatics (CCBB). Raw data was ai.>"yzed using the Ingenuity Pathway analysis (IPA,
Qiagen) software to determine the ~~thy'ays associated with differentially expressed genes

between the 127-hi and CD25-nen me™ory cell pathways in T1D and healthy donors.

2.7 sScCRNASeq with pairrd 1 “Rseq: 127-hi and CD25-neg memory cells were sorted from T1D
and healthy PBMC as de cribed above. The sorted cells were counted and processed using 5’
reagent kits from 10X Genomics for Single Cell Immune Profiling and TCR Amplification. 5’
end sequencing allowed for TCRseq. The number of cells processed was between 5,415 - 10,732
for 127-hi T1D, between 6,521 - 12,279 for CD25-neg T1D, between 2,437 - 8,649 for 127-hi
Healthy, and between 4,319 - 8,006 for CD25-neg Healthy (Supplemental Table 7). Gel Beads-
in-emulsion (GEM) generation and library preparation was completed as per manufacturer’s

instructions. Briefly, barcoded gel beads, labeled cells, and partitioning oil were loaded onto a



chromium controller for GEM generation. This process lysed cells and released barcoded
primers from gel beads at single cell resolution (within their respective GEM). GEMs were then
incubated to produce barcoded cDNA through reverse transcription of mRNA. After cDNA
amplification, gene expression and TCR libraries were constructed separately from the same
cells. Prior to TCR library construction, full length barcoded V(D)J segments were enriched with
two additional PCR amplification steps, using primers specific to the TCR constant region. Once
cDNA amplicons were optimized via enzymatic fragmentatiui. and size selection, gene
expression libraries were constructed through End Repair A-:2iing, Adaptor Ligation and
Sample Index PCR. Sample quality control (QC) and qua. tification of cDNA and libraires was
completed using Qubit 4 fluorometer and Agilent 1 westation 4150. Sequencing of gene
expression libraries (25,000 copies for gene evoression and 5,000 copies for TCR) was
completed at the UCSD IGM, and the Flor da “tate University (FSU) sequencing core facilities.
Data analysis: FASTQ files wei> uploaded to the 10X genomics Cloud and processed
with CellRanger V7.0.1 to align r2ad. *o the reference genome GRCh38, quantify reads, and
create output files. Various cic'ipe files were then merged for analysis as described for each
experiment. Clustering ar? J*f.erential gene expression were completed in Loupe Browser
(v6.3.0). All samples we. ~ analyzed for mitochondrial gene expression, and number of genes per
barcode. High mitochondrial gene expression and lower than expected numbers of genes
expressed per barcode can reflect poor quality cells, while unexpectedly high numbers of genes
expressed per barcode can reflect multiplets. Thresholds were set at, less than 10% mitochondrial
gene expression, and between 500 and 5,000 genes expressed per cell for high quality singlets.
For all individual samples analyzed, greater than 99.5% contained less than 10% mitochondrial

genes, using GRCh38/hg19 as the reference, indicating high quality viable cells (Supplemental



Table 7). In addition, in more than 99% of each sample the number of genes expressed per
barcode was within the expected maximum of 5,000 and minimum of 500 for resting PBMC (36)

strongly suggesting high quality singlets (Supplemental Table 7).

2.8 Statistics: Differential gene expression (DGE) of bulk RNAseq data for 127-hi memory cells
compared to CD25-neg memory cells was calculated using local false discovery rate (Ifdr) also
known as the g-value. Genes with less than a Ifdr value of 0.5 ~vere considered significant.
Associations between T cell subsets and LoR was assessed =~u.Z Pearson 2-tailed correlation.
Significant trends were measured using One-way ANOVA with Multiple Comparison. *
indicates a p value of 0.05-0.01. Correlations between e <Is of expression of genes with T cell
subset frequency was determined using Pearson ~rr:lations. Chi-squared (and Fisher’s exact)
test was used to analyze the Inverse Simp: »n’< Index calculated for all T1D and Healthy clusters
to determine whether the clonotypes la ~er than 20 clones in Thl, Th2 and Thl7 clusters are
preferentially expanded. All analy=~s ‘ere performed with Graphpad Prism. A p value of less

than 0.05 is considered statistice.'v significant.

3. Results

3.1 Th2 bias in 127-hi cells of both healthy and T1D subjects

127-hi memory cells are phenotypically predominantly Th2 (13-14, 19). The remaining, non-
Th2, 127-hi cells are mainly either committed Th1 cells (T-bet” IFN-y"), or pre-committed Th1
cells (CXCR3" CCR4 CXCR5), or Th17 cells (RORyt™ IL-17") (13-14, 18-19). 127-hi cells also

have a functional Th2 bias in that they secrete significantly more IL-4, IL-13, IL5 and IL-10 than



other CD4" memory cells (13-14). CD4" memory cells that do not express CD25 (CD25-neg)
also contain pre-committed and committed memory Thl and Th2 cells and therefore serves as an
ideal control cell population to compare 127-hi memory cells and other memory cells
(Supplemental Figure 1). To characterize the molecular nature of 127-hi cells, and in particular
the Th2 bias, the transcriptome of 127-hi memory cells sorted from Healthy donors and from
T1D PBMC samples collected at baseline (within three months of diagnosis) was compared to
CD25-neg memory cells sorted from the same donors (Supplen.2ntal Figure 2) using bulk
RNAseq-derived DGE. 244 genes in Healthy (149 upregulatz? o2 95 downregulated) and 458
genes in T1D (269 upregulated and 189 downregulawcd) were significantly differentially
expressed. Compared to CD25-neg memory cells, 127-h1 .=emory cells in both Healthy and T1D,
upregulate several Th2 associated genes includi~ 1 1_17RB (IL-25R, signaling through which
promotes Th2 cytokines (37-40)), PTGCR2 (CRTH2 which is involved in secretion of Th2
cytokines IL-4, IL-5 and IL-13 (41-43,; IL9R (IL-9R signaling can support Th2 polarization
(44)) and IL2RA (CD25, also ~ss»r.ated with IL-4 expression (45-46)). (Figure 1A).
Significantly upregulated genes in 127-hi memory cells also include IL4R and GATA3 (Figure
1A). Downregulated gene- in2!sde GZMK, which promotes pro-inflammatory responses, (47)
and EOMES, a transcrip.’on factor closely related to T-bet which induces the Thl cytokine IFN-
v (48) (Figure 1A). These data are consistent with our previously published findings that the
dominant functional cell subset within the 127-hi cell population compared to CD25-neg

memory cells, in both T1D and Healthy, is Th2.

RNAseq data for all 458 T1D and 244 Healthy genes that were significantly differentially

expressed between 127-hi and CD25-neg memory cells (from Figure 1A) were uploaded into the



IPA software and analysis was run to identify key pathways. Within the top ten pathways in 127-
hi compared to CD25-neg memory cells in both Healthy and T1D are several Th2-related
pathways, including the Th2 pathway, Th1/Th2 activation pathway, T helper cell differentiation,
and STAT3 and PI3K/Akt signaling (Figure 1B and C). In addition, the JAK1/JAK3 cytokine
signaling pathway is prominent in 127-hi memory cells in T1D (Figure 1B). Analysis of the
genes in each of the pathways in 127-hi memory cells compared to CD25-neg cells reveals a
significant upregulation of Th2-associated genes and downregulatic.™ of Thl-associated genes in

both T1D and Healthy (Supplemental Table 4).

The same data from T1D and Healthy donors were anai,~ed using the String application in the
Cytoscape software to determine whether there ar. Jer.e interactions that are significantly up and
down regulated in 127-hi cells. For both T LD and Healthy, the data reveals interactions between
upregulated Th2-associated genes, "TGDR2, IL17RB, IL9R and IL2RA (red) and
downregulated Thl-associated ger~s. .=CMES and GZMK (blue). Interactions are also evident
between the Th2- and Thl-asso. ateu genes and the follicular helper T cell (Tth) marker CXCR5
and the regulatory marke~ \'ZIT, which are also downregulated (Figure 1D for T1D and

Supplemental Figure 3 1.~ Healthy).

3.2 Transcriptional circuitry of 127-hi memory Th2 cells differs from CD25-neg memory Th2

cells
To identify genes within 127-hi memory cells that are related to frequency of 127-hi Th2 cells in
T1D at baseline, the level of expression of all differentially expressed genes in T1D 127-hi

compared to CD25-neg memory cells (458 genes) was correlated with the frequency of 127-hi



Th2 and CD25-neg Th2 cells within the total CD4" T cell compartment of T1D sorted
populations used for RNAseq. The top 25 positive and top 25 negative correlates with 127-hi
Th2 cell frequency are shown in Figure 2A (left panel). Correlations between the same expressed
genes with CD25-neg Th2 cell frequency are shown for comparison (Figure 2A, right panel).
PRDML1 (encodes Blimp-1) a transcriptional repressor of T-bet and IFN-y (50-51), LRRFIP1 a
transcription repressor of the inflammatory cytokine TNF-a (52-53), and the Th2 marker CCR4
positively correlate with the frequency of 127-hi Th2 cells (Fiorre ?B) but not CD25-negTh2
cells (Figure 2C). In contrast, ZBTB16, a transcription factur o1 Th17 cells (54), and TIGIT,
negatively correlate with 127-hi (Figure 2B) but positively correlate with CD25-neg Th2 cells
(Figure 2C). In addition, the level of expression of '_1.'RB2, the IL-12 receptor, which is a
driver of Thl responses (55-56), negatively conl=2es with the relative frequency of 127-hi
(Figure 2B) but not CD25-neg Th2 cei.~ f-igure 2C), while IL6ST, also a driver of pro-
inflammatory Thl cells (56) negatively ~orrelates with both 127-hi and CD25-neg Th2 cells
(Figure 2B and C). These data ov. 2l cupport the hypothesis that the frequency of 127-hi Th2

and CD25-neg Th2 cells in T1D .~ influenced by different molecular pathways.

3.3 The frequency of 127-1i Th2 EM cells positively correlates with LoR

Based on the cumulative findings that 127-hi memory cells are highly Th2-like compared to
other memory CD4 T cells, we tested the hypothesis that 127-hi Th2 memory cells correlate with
LoR. To that end, twenty-six pediatric TAD PBMC samples collected at baseline were analyzed
for relative frequencies of 127-hi and CD25-neg Th1 and Th2 cell subsets within the total CD4"
T cell compartment and correlations between cell subset frequencies and LoR determined.

Participant information is summarized in Supplemental Table 2. There is a significant correlation



between LoR and the frequency of 127-hi Th2 EM and CD25-neg Th2 EM cell frequency, but
significance is stronger for the former (Figure 3A, p = 0.003 compared to p = 0.03). Thl and CM
cell subsets do not correlate significantly with LoR (Figure 3A). The frequency of both 127-hi
and CD25-neg Th2 EM cells (Figure 3B and C respectively), but none of the other cell subsets
tested (Supplemental Figure 4), significantly decline between 3 and 12 months post-baseline. As
expected, during the same time-period, IDAAlc increases (Figure 3D) while C-pep AUC
decreases (Figure 3E) indicating a decline in B-cell function anu 'isease progression between
diagnosis and 12 months post-baseline. However, the freqi'c..y of either 127-hi Th2 EM, or
CD25-neg Th2 EM does not correlate significantly either n.oaatively with IDAALc, or positively

with C-pep AUC (data not shown).

3.4 127-hi Th2 cells differ transcriptionall, frrm other Th2 cells

To directly test whether memory 127-hi ~nd CD25-neg Th2 cells are different, SSRNAseq was
performed on memory 127-hi and TD.25-neg memory cells sorted from healthy (n=4) and T1D
(n=7) PBMC. In a first analvs.=. tne transcriptomes of all seven T1D 127-hi samples were
merged and compared tr *he .nerged transcriptomes of all seven T1D CD25-neg samples.
Similarly, the transcripto.mes of all four Healthy 127-hi samples were merged and compared to
the merged transcriptomes of all four Healthy CD25-neg samples. Th2 and Thl cells were
identified using the expression of Th2 (PTGDR2, IL17RB, IL9R, HPGDS and GATA3-AS1
shown in blue) and Thl (EOMES, GZMA, GZMK, TBX21, IFNG, IFNG-AS1, IL12RB shown
in orange) associated genes (Supplemental Figure 5). In both T1D (Supplemental Figure 5A) and

Healthy (Figure 5B), the frequency of Th2 (blue) cells is higher in 127-hi cells than CD25-neg



cells whereas the frequency of Thl cells (orange) is lower, consistent with data generated in bulk

RNAseq (Figure 1).

To evaluate the contribution of each individual sample to the combined transcriptome the
remaining analysis was performed on each of the seven T1D and four Healthy samples
separately. The many clusters identified in tSNE plots from individual samples indicates that
127-hi and CD25-neg memory populations are extremely heterogei.nus in both T1D (Figure 4A
and B and Supplemental Figure 6E-J) and in Healthy (Supplzme.tul Figure 6A-D). In addition,
in both T1D and Healthy samples, some clusters are almcct entirely either 127-hi or CD25-neg
indicating that the 127-hi memory cell population concins cell subsets that are absent from

CD25-neg memory cells and vice versa (Figure AC O)

DGE was used to identify clusters thot represent committed Thl, Th2 and Thl7 cells by
comparing each cluster in each s"mg's with all other clusters (Table 1). Of the seven T1D
samples, three had clusters wi v upregulated Th2 cell subset specific markers GATA3 and
GATA3-AS1, as well as PTC™R2, IL17RB, IL9R, HPGDS, IL4R, and downregulated CCR7
indicating Th2 EM clucters (Table 1A). Four T1D samples had clusters with upregulated
EOMES, the transcription factor for non-classical Thi, as well as GZMA and GZMK, indicating
a cytotoxic phenotype. In some of these Thl clusters IFNG, IFNG-AS1, CXCR3, IL12RB2 and
the classical Th1l transcription factor, TBX21 were also upregulated. Also, four T1D samples had
clusters with upregulated expression of the Th17 marker RORC (57) and two of these clusters
also had upregulated CCR6 and ZBTB16. Unlike the Th2 clusters, Th17 clusters upregulated

CCRY7 indicating CM status. Healthy samples contained Thl and Th17 clusters, but not Th2



(Table 1A). Moreover, the Th2 and Th17 clusters identified by DGE are greater than 90% 127-
hi, whereas the Thl clusters are either greater than 90% CD25-neg, or a mix of 127-hi and
CD25-neg (Table 1A). These data are consistent with previously published data that show a Th2

bias in the 127-hi cell population compared to CD25-neg in T1D.

As another approach to determine the Thl, Th2 and Th17 cluster types, the DGE data for all
clusters in each sample were imported into the Ingenuity Pathw.y Analysis (IPA) software.
Clusters with a significant upregulation of the Thl pathway, ™% sacway and Th17 pathway (z-
score equal to or greater than 2) were considered indic.*ors of Thl, Th2 and Th17 clusters
respectively (Table 1B). Using this approach, all fiv> Th2 clusters and one Thl cluster
previously identified by DGE were also identifiea *sirg IPA (shown in parenthesis in Table 1B).
Also, several additional Thl and one ad-ttic.aal Th2 clusters were identified. Analysis of the
genes used by IPA to identify each ThZ cluster revealed that GATA3, PTGDRZ2, IL17RB and
ILAR were again routinely upreg*'ated In addition, two of the Th2 clusters had significant
downregulation of the Thl-asso. iateu gene, IL12RB2. Of the ten Thl clusters identified by IPA,
nine expressed high level= o, (LA Class Il, only one expressed the Thl transcription factor
TBX21, and none exprecsed EOMES (Table 1B). All Thl and Th2 clusters identified by IPA
were also evaluated for involvement of additional pathways. Additional pathways in the Th2
clusters include IL-4, STAT3, and TCR signaling pathways. Thl clusters also had consistent
upregulation of TCR and IL-4 signaling, with downregulation of 1L-10, CTLA4, Th2, PD-1-

PDL-1 pathways (Table 1B).



The Thl and Th17 clusters that were identified by DGE (Table 1A) but not by IPA (Table 1B)
were also evaluated for involvement of additional pathways using IPA (Supplemental Table 5).
TCR and, surprisingly, I1L4 signaling was elevated and CTLAA4 signaling downregulated in two
Th1 clusters. No additional pathways were identified for the remaining Thl clusters. Five of the
six Th17 clusters had combinations of upregulated 1L-6, CTLA4 and PD-1-PDL-1 pathways and

down regulation of the TCR pathway (Supplemental Table 5).

3.5 Preferential TCR gene usage in Th2 cells in individuals wth 2D

An active role for Th2 EM cells in partial remission woulu most likely involve their proliferation
which, if substantial enough, could be visualized by b, ~‘erential TCR gene usage and clonal
expansion. As a first step, we used the transcriptnr,~: d-ta already generated to screen all T1D and
Healthy samples for the preferential express an /upregulation) of genes that encode TCR Vf and Va
gene segments compared to all other clucters by DGE. In the T1D sample shown (Figure 5A),
TRBV5-4 and TRAVS8-1 genes a2 e.=ressed in 127-hi but not in CD25-neg clusters. Gene
expression analysis of Th2-assou'atea genes shows that the expression of GATA3, GATA-AS],
ILO9R, PTGDR2 and IL4R c~incides with the TRBV5S-4 and TRBV8-1 positive clusters. The same
cell clusters do not expres. CCR7, consistent with EM cells (Figure 5B). Five of the seven T1D and
all the four Healthy samples analyzed have preferential expression of at least one TCR gene segment
in at least one cluster, including clusters that were previously identified as Th2, Thl and Thl7
clusters (Table 2). Preferential TCR gene usage was also seen in Thl cell clusters in Healthy

samples.



3.6 Clonal expansion and co-localization with cell types using paired single cell TCR sequencing

and scRNAseq

Clonotypes (groups of cells with identical TCR) were identified in each T1D and Healthy, 127-hi
and CD25-neg sample by matching identical TCR Vf, Va and CDR3 amino acid sequences.
Using Loupe Browser the number of clones in each clonotype were counted. Clonotypes with 20
or more clones were co-located with clusters, including those previously identified as Thl, Th2
and Th17 cell types, by pairing TCR sequencing with the transcripio,ne data.

The total number of clonotypes in all 127-hi T1D sf...™es was 29, which far exceeded
the total number of clonotypes in CD25-neg cells (n=8) 1. ~m the same samples (Supplemental
Table 6A and B). In contrast, the total number of clonntyves in all 127-hi Healthy samples was
less (n = 5) than the total number of clonotypes © ori CD25-neg cells (n = 13) from the same
individuals (Supplemental Table 6C and L. 'n most cases, for both 127-hi and CD25-neg cells,
individual clonotypes were predominanw./ restricted to one or two clusters. However, in some
cases single clonotypes were evicd.nt (= several clusters. In addition, many clusters contained
several clonotypes (Figure 6A ai. Supplemental Figure 6A-J).

Co-location of clriintyzes with cell types revealed clonal expansion (clonotypes with
more than 20 clones) in ol T1D 127-hi clusters previously identified as Th2 by either DGE or
IPA (Table 3 and Supplemental Figure 5). Moreover, clonally expanded T cell co-expressed
Th2-associated genes, GATA3, IL9R and PRGDR2 confirming clonal expansion of Th2 cells
(Figure 6B-D). These data indicate that 127-hi Th2 cells can clonally expand in some T1D
individuals at or before diagnosis. Evidence of clonal expansion was also detected in T1D Thl
and Th17 clusters. In Healthy samples, clonal expansion was evident in Thl clusters (Table 3

and Supplemental Figure 5). To determine whether clonal expansion was more prevalent in Th2,



Thl and Th17 clusters compared to all other clusters the TCR repertoire diversity of each cluster
in both T1D and Healthy samples (a total of 135 clusters) was calculated using Inverse
Simpson’s Index (ISI), where lower numbers reflect a lower the level of diversity and higher
level of clonal expansion. Of 13 clusters that have an ISI equal to or lower than 500 (Figure 6E),
11 were previously identified as either Th2 or Thl (5 T1D Th2, 2 T1D Thl and 4 Healthy Th1l).
Out of the remaining 122 clusters, only 2 had an 1SI less than 500. One of these was a T1D Thl
cluster and the other a Healthy cluster of unknown cell type. Anaiy~is of the data indicates that
the distribution of clonal expansion is not equivalent in all c'=~te:z and that clonal expansion in
some Th2 and Th1l clusters is significantly higher than in cther clusters (Chi-square, p<0.0001).
Overall, the data confirm a high level of clonal expansiu. in both Th2 and Thl clusters in T1D
and in Th1 clusters in Healthy (Figure 6E).

To date none of the clonotypes ide tifizd in T1D have been found in other individuals in
this study and no matches have been found within the mc-PAS-TCR or nPOD TCR/BCR
SEARCH data bases. Of all the H~ali"y clonotypes identified, 1 match was found in the mc-
PAS-TCR data base and that we.” in Healthy #1, specific for M.Tuberculosis, indicating that this
clone is public (present in ~ai 2 *nan one individual).

In T1D, althougr hoth Thl and Th2 clonal expansion is evident, the Th2 clonotypes are
generally larger (contain more clones) than the Thl clonotypes and individual Th2 clusters
contain several different expanded clonotypes whereas Thl clusters have only a single expanded
clonotype suggesting less diversity in the Thl response (Table 3). In Healthy samples, clonal
expansion of multiple clonotypes is detected in both classical and non-classical Thl clusters

(Table 3).



4. Discussion

T1D is a progressive autoimmune inflammatory disease. After diagnosis, glucose control
continues to decline as destruction of the insulin secreting B-cells continues. Glucose control can
be quantified by combining HbAlc levels and daily exogenous insulin intake to measure insulin
dose adjusted Alc, IDAALc. Patients with an IDAALc of 9 or lower are in a state of transient
partial remission. Our group has previously shown that the LoR, which is the period between
diagnosis and the time when IDAAlc is above 9, and B-cell scrvival, correlates with the
frequency of CD4 T cells that express CD25 and CD127 (127-1. ceils) at diagnosis (13-14). 127-
hi cells are a mix of naive and memory cell subsets with a hias towards Th2 memory cells (14,
19). In the current study, we show that within the 127 h ~ell population it is the Th2 EM cells
that correlate with LoR. Analysis of the 127-hi mcmury cell transcriptome reveals significantly
higher levels of Th2-associated genes \"T(LDR2, IL17RB, and IL9R and lower levels of
inflammatory genes, IL12RB2, EOMES and GZMK than the remaining CD4" memory cells
(CD25-neg cells) in both healthy a:. T2D PBMC samples. In single cell RNA sequence analysis
clusters with a committed Th? £ profile are identified in T1D 127-hi cells but not CD25-neg
cells. The T1D 127-hi ThZ Z™ clusters contain multiple expanded clonotypes suggesting that the
clusters might develop 11 y)m the clonal expansion of Th2 cells. Unexpectedly, in T1D, clonal
expansion of Th2 cells is more common than clonal expansion of Thl cells. The existence of
127-hi Th2 EM cell clonal expansion in T1D, coupled with the finding that the best CD4 T cell
correlate with LoR is 127-hi Th2 EM cell frequency, suggests that the presence of T1D can
induce clonal expansion of 127-hi Th2 EM cells that promote protection to prolong partial

remission and delay disease progression.



Correlation analysis between the frequency 127-hi Th2 cells and levels of gene expression in the
sorted cell populations supports the idea that the mechanism(s) that control 127-hi Th2 frequency
are likely to involve down regulation of Thl and other inflammatory genes. Thus, PRDM1, a
transcription repressor of T-bet and IFN-y (49-50), and LRRFIP1, a transcription factor for TNF-
o (52-53) are both expressed at higher levels in sorted populations with the highest frequency of
127-hi Th2 cells, whereas IL12RB2 (54-55) and IL6ST (55), both drivers of inflammatory
responses, are expressed at low levels in the same samples. Howe.er, this is not the case for
CD25-neg cells supporting the hypothesis that 127-hi and CIC .2 ieg Th2 cell frequency is under
the control of different molecular pathways. There are scveral other mechanisms that might
control the frequency in 127-hicells in T1D. 127-hi cel's voress a high density of CD44v6 (13),
a receptor for high molecular weight hyalurorar, ‘+/A). During inflammation, low molecular
forms of hyaluronan (HA) that are genei.ter during inflammation can bind but not cross-link
CD44v6 and fail to inhibit apoptosis by mechanisms that are dependent on CD44v6 signaling
(59-62). In addition, soluble CDZ27 «id CD25 receptors (sCD127R and sCD25R) that are
released from activated T cells during inflammation can act as IL-7 and IL-2 antagonists,
potentially blocking IL-7 «.™ -2 mediated signaling and the expansion and survival of 127-hi

cells (63-65).

Several genes that are differentially expressed in 127-hi memory cells compared to CD25-neg
memory cells are known putative candidate genes for T1D associated GWAS loci, including
IL2RA, IL12RB2, JAK1 and JAK3 (66). Thus, IL2RA s upregulated and IL12RB2
downregulated in 127-hi memory cells, and JAK1 and JAKS3 are part of the 127-hi memory cell

cytokine signaling pathway in T1D. The link between genes that are risk factors for T1D and



their expression in 127-hi Th2 cells supports the idea that 127-hi Th2 cells are mechanistically
linked to protecting from disease progression in T1D potentially by deviating responses away

from inflammatory Th1/Tc1 responses.

Clonal expansion in CD4 T cells in T1D has been reported extensively for Thl (67) and these
cells are thought to respond to autoantigen and have pathogenic function (67). Clonal expansion
of Th2 cells expressing both GATA3 and CCR4 has also been desci*hed previously in T1D (68).
The clonotypes detected had 4-8 clones per clonotype with 22 o7 two Th2 clonotypes in each
subject, and the presence of the Th2 clonotypes was thooaht to be associated with pathology
(68). The samples analyzed in the former study were fro, = established T1D (18-28 months post-
diagnosis) and this might explain the difference. sern between the former study and the one
presented here. The extensive Th2 cell clc «al r xpansion described here, with multiple clonotypes
and large numbers of clones per cloi.ntype suggests an established and ongoing immune
response with possible epitope spre=dii @ The positive correlation between the frequency of 127-
hi Th2 cells and LoR, suggests . at e 127-hi Th2 responses are induced by T1D, possibly as an
attempt, albeit ultimately = fa\l~4 attempt, to protect from disease progression. Th17 clonotypes,
identified by their upreg.'ation of RORC (56), were also seen in 127-hi T1D cells. It is unlikely
that these Th17 cell clusters are Th2/Th17 cells previously described in asthma (69-70) as they

do not co-localize with the Th2 cell clusters.

Several of the TCR genes that were identified as preferentially used, using DGE, were also
present in the clonotypes for T1D 127-hi Th2 (TBV5-4, TRBV4-1, TRBV29-1, TRBV10-2,

TRVAS8-1, TRAV10, TRBJ2-3), T1D 127-hi Th17 (TRAJ11), T1D CD25-neg Thl (TRBV7-2,



TRAV38-1, TRBJ2-3), and healthy CD25-neg Thl (TRBV14, TRBV20-1, TRAV13-2,
TRAV34). However, to date, none of the 38 clonotypes found in the T1D group in this study
matched autoantigen-specific clonotypes previously described in human T1D (67), and no
matches were found in the mc-PAS-TCR and nPOD TCR/BCR SEARCH data bases.
Proliferation of CD4 T cells that predicted a longer partial remission has been reported
previously in T1D (71). In that study the CD4 T cells were specific for proinsulin (peptide 33-

63) but the cell type was not determined (71).

Studies in human and mouse have described several dii’erent Th2 cell subtypes (72). Thus,
scRNAseq analysis of circulating CD4 memory T cells 1, = people with allergies to house dust
mite (HDM) with and without asthma identifies 1“2 rell subsets that express GATA3, IL17RB,
IL9, GZMB, IL-5, and PPARG in those w'rth #sthma and Th2 cells expressing GATAS3, IL-4, IL-
21, IL1IRL1 and ICOS in non-asthmatic individuals (73). Th2 cells isolated from nasal polyps
express CRTH2 (encoded by the p~ne PRTGD?2), IL17RB, and IL1RL1 by flow cytometry and
GATAS3, IL17RB, IL4, IL9, ILS ana iL13 by gene expression (74). Th2A cells are distinguished
from conventional Th2 c2'ls i, allergic patients by their co-expression of CRTH2, CD161,
CD49d and a low dens.*v of CD27 (73-74) with elevated IL-5 and IL-9 measured by flow
cytometry, and by their expression of IL17RB, HGPDS, IL1RL1, PPARG, IL9, IL5 and KLRB1
(encodes CD161) in scRNAseq experiments (75-77). Transcriptome comparisons of tissue
resident Th2 cells (Trm Th2) isolated from bronchial biopsies from asthmatic donors expressed
elevated levels of GATA3, HGPDS, PPARG, IL17RB and IL9R compared to non-asthmatic
individuals (78). In the Th2 clusters identified in our current study, IL9, GZMB, IL5, PPARG,

ILIRL1Y, IL4, IL21, or ICOS were not upregulated suggesting that they are not the Th2 cells



previously identified in people with HDM allergy with or without asthma, nor a circulating form
of Trm Th2, or Th2 cells from nasal polyps (73). Neither do they express Th2A markers KLRG1
(the gene that encodes CD161) and ITGA4 (the gene that encodes CD49d). Instead, the 127-hi
Th2 EM cells have a non-pathogenic anti-inflammatory cell phenotype that is consistent with a

role in actively prolonging LoR and delaying disease progression.

The existence of clonally expanded anti-inflammatory Th2 cells wiu:in the 127-hi cell population
in people newly diagnosed with T1D might suggest a ~otusziy occuring mechanism of
protection, that manifests itself by delaying the end of the nartial remission period. Therapeutic
strategies to expand 127-hi Th2 cells might benefit peo, ‘e with T1D by promoting, extending
and enhancing the remission period. An enharc. i rzmission period might, in turn, lead to a
reduction in long-term complications, dcvelr.pment of a permissive environment for current

immunotherapies, and in some cases, rev2rse T1D.

5. Conclusion

Both the cellular and mole~'n.- Jata presented in this study indicate that the correlation between
127-hi cells and LoR involves clonal expansion of the 127-hi Th2 EM cell subset. The study also
sheds light on 127-hi Th2 EM molecular targets and pathways that might be exploited to
promote their function and frequency. These data might be used to extend the remission period,
delay disease progression and identify biomarkers to predict disease progression and response to

treatment.
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9. Figure legends

Figure 1. Differentially expressed genes between 127-hi memory cells and CD25-neqg memory

cells RNA was isolated from sorted 127-hi memory cells and CD25-neg memory cells from
either healthy donors (n = 5) or patients with T1D (n = 8) anu nrepared for bulk RNAseq.
Differential gene expression (DGE) of the 127-hi memory ce'!> ccrnipared to CD25-neg memory
cells was calculated using local false discovery rate (Ifdr) «'so known as the g-value. Genes with
less than a Ifdr value of 0.3 were considered significant. .~y The volcano plots show upregulated
(right) and downregulated (left) genes in 127-hi "'ne nory compared to CD25-neg memory in
Healthy and T1D. Purple arrows point to = h2 associated genes and orange arrows point to Thl-
related genes. B) RNAseq data for all ?44 healthy and 458 T1D genes that are significantly
different between 127-hi and CD”5-r.>c memory cells (from A) were uploaded into the IPA
software to identify the top 1C natnways that distinguish 127-hi and CD25-neg memory cell
populations in healthy (B '=1, =nd T1D (B, right). C) The top 10 pathways in both healthy and
T1D, or healthy only, or 71D only. D) The same RNAseq data from T1D were uploaded into the
Cytoscape software and the String Application to identify linked expression of significantly
upregulated and downregulated genes using a log ratio equal to or greater than 1. Red symbols
represent genes that are upregulated and blue for downregulated genes. Names of genes are

indicated on each symbol.



Figure 2. Gene expression associated with 127-hi memory Th2 cell frequency suggests a

transcriptional circuitry that is not the same as CD25-neg memory Th2 cells The level of

expression of the 458 genes that are significantly differentially expressed in 127-hi compared to
CD25-neg memory cells, as determined from the T1D data generated in Figure 1, was correlated
with the frequency of 127-hi Th2 and CD25-neg Th2 memory cells in the sorted populations (n =
8). The top 25 strongest positive correlates with 127-hi Th2 memory cell frequency are shown in
the left panel in blue and negative correlates in red (A). The correiation between the same genes
with CD25-neg Th2 memory cell frequency in the sorted ce!! nuzutations is shown in the right
panel (A). Plots show correlations between 127-hi (B) «"d CD25-neg (C) Th2 memory cell
frequency and Th2-associated genes PRDM1, LRRFIP1, =nd CCR4, Th17 and regulatory genes
ZBTB16 and TIGIT, and Thl-associated genes 'L"2R32 and IL6ST. Each symbol represents an
individual T1D sample (n = 8). Corr:lation analysis (r) was performed using Pearson

correlations.

Figure 3. The frequency of 127 -hi vh2 EM cells positively correlates with LoOR PBMC from

patients collected within ? mc~ihs of diagnosis, were labeled with CD3, CD4, CD25, CD127,
CD45RA, CD45R0, CL.”7, CXCR5, CXCR3, and CCR4. A. Schematic to show the relationship
between the cell subsets analyzed followed by the data showing significance (p) and correlation r
(Pearson, Two-tailed) between cell subsets and LoR. Orange and green text shows significant
positive correlations between 127-hi memory and Th2 EM and LoR (orange) and between
CD25-neg Th2 EM and LoR (green). The frequency of 127-hi Th2 EM (B) and CD25-neg Th2

EM (C), IDAA1c (D) and stimulated C-peptide AUC (E) were determined at baseline and at 3



and 6 and 12 months post-baseline (n = 26). Significant trends were measured using One-way

ANOVA with Multiple Comparison. * indicates a p value of 0.05-0.01.

Figure 4. Transcriptome analysis using sScRNAseq data identifies cell clusters that are unigue to

127-hi memory cells Memory 127-hi and CD25-neg cells were sorted from healthy (n=4) and

T1D (n=7) PBMC and prepared for scRNAseq. A-B) A representative example of 127-hi (A)
and CD25-neg (B) clusters from an individual with T1D. Each cicster is shown in a different
color and each cluster identified by a number. C-D) The numbkzr £ 227-hi and CD25-neg cells in

each cluster in all T1D (C) and Healthy (D) samples. Each .»mbol represents a separate cluster.

Figure 5. TCR VP Vo gene usage in 127-hi “h”. clusters. A) TRBV5-4 and TRAVS-1

expression in 127-hi and CD25-neg ce.!'s. 8) Expression of GATA3, GATA-AS], IL9R,
PTGDR2, IL4AR and CCR7 in 127-hi Th. Data are from a T1D PBMC sample (T1D #1) and are

representative of seven T1D and feL: F~ulthy samples.

Figure 6. T cell clonal exransic: is evident in Thl, Th2 and Thl7 cells Paired TCR sequencing

and scRNAseq in 127-h1 ond CD25-neg cells in a T1D sample (T1D #1). A) Each color on the t-
SNE plot represents a single clonotype. Only clonotypes with at least 20 clones are shown. Some
clones are spread over several clusters so that a single cluster might have fewer than 20 clones of
any one clonotype. B) Th2 (green and purple) and Th1 (blue) cell clusters were identified in 127-
hi (i) and CD25-neg (ii) cells. GATA3 (orange) and EOMES (green) expression in 127-hi (iii)
and CD25-neg (iv) cells. Clonotypes with greater than 20 clones are shown in black in panels v

and vi. C) and D) Magnification of clusters 8 and 11 showing localization of the TCR clonotypes
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(C) and expressed Th2-associated genes (D). Arrows point to cells that co-express TCR genes
representing clonotypes and Th2-associated genes, GATAS, IL9R and PRGDR2 (C and D). E)

Heat map showing the Inverse Simpson’s Index in each cluster in all T1D and Healthy samples.

Table 1A. Th2 clusters identified by uprequlation of cell subset-specific markers are

predominantly 127-hi cells

TiD #1 8 98.0 2.0 GATA3, GATA3-AS1, PTGDR2, IL17RB, IL9R, HPGDS, IL4R



and CCR7low

GATA3, GATA3-AS1, PTGDR2, IL17RB, IL9R, HPGDS, IL4R

TiD #1 11 98.0 2.0 and CCR7low
GATA3, GATA3-AS1, PTGDR2, IL17RB, IL9R, HPGDS, IL4R
T1D #2 6 95.7 4.3 and CCR7low
GATA3, GATA3-AS1, PTGDR2, IL17RB, HPGDS, IL9R, IL4R
T1D #2 10 94.8 5.2 and CCR7low
GATA3, GATA3-AS1, PTGDR2, IL17RB, IL9R, HPGDS, IL4R
T1D #3 10 97.7 2.3 and CCR7low
TiD #1 13 0.6 99.4 GZMA, GZMK, EOMES, IFNG, IFNG-AS1 and CCR7low
T1D #2 2 42.6 57.4  GZMA, GZMK, EOMES, CXCR3 and CCR7low
T1D #2 56.7 43.3 GZMA, GZMK, EOMES and CCR7low
GZMA, GZMK, EOMES, TBX21, IFNG-AS1, IL12RB2, CXCR3
T1D #3 8 62.0 38.0 and CCR7+
T1D #5 12 0 100 GZMA, GZMK, EOMES, IFNG-AS1 and CCR7low
TiD #1 3 90.0 10.0 RORC, CCR6, ZBTB: 5 and CCR7+
T1D #3 3 82.8 17.2  RORC and CCR7+
T1D #3 5 81.7 18.3 RORC, CCR6, ZB7316 < \d CCR7+
T1D #5 5 76.8 23.2 RORC and CCP7+
T1D #6 4 82.1 17.9 RORC and C( R7+_
Healthy
#1 11 0.5 99.5 GZMA, G7M.” EOMES, TBX21, IFNG and CCR7-
Healthy
#2 11 58.2 41.8 GZMA, 5ZM {, EOMES and CCR7-
Healthy GZMA G. MK, EOMES, TBX21, IFNG-AS1, IFNG, CXCR3 and
#3 10 18.6 815 CCR.-
Healthy G~ MA, GZMK, EOMES, IFNG-AS1, IL12RB2, CXCR3 and
#4 2 45.5 545 .CR low
Healthy
#3 1 77.8 <. 2 RORC, CCR6, ZBTB16 and CCR7+

Table 1B. Th2 and Thl clusters identified by uprequlation of T2 pathway and Thl pathway

genes by IPA
- _ Non- 12_7-hi CD2§-
Partlt(ilpan ng ‘;:éﬁfi% classi(ial Th cltljr;,te Eﬁlgslg Genes identified using IPA°
r(%)°  r (%)
T1D #1 ®)* (98.0) (2.0) GATA3, PTGDR2, IL17RB, IL4R
T1D #1 (11) (98.0) (2.0) GATA3, PTGDR2, IL17RB, IL4R, CCR3
TID #2 ©) (95.7) 4.3) ﬁ?_‘;—ég’z)PTGDRZ’ IL17RB, IL4RB, IL13, CD40,, (down TBX21,
T1D #2 (10) (94.8) (5.2) GATA3, PTGDR2, IL17RB, CCR3
T1D #3 (10) (97.7) (2.3) GATA3, PTGDR2, IL17RB, IL4R, HLA-DR
T1D #7 1 82.4 17.6 PTGDR2, CCR4, CCR8, BHLHE41, HLA-DR, (down IL12RB2)



T1D #1
T1D #4
T1D #4
T1D #6
Healthy #2

Healthy #3
Healthy #3

Healthy #3
Healthy #4
Healthy #4

(10)

11

11

10

10

1.3
11.2
5.2
5.2
61.0

3.1
(18.6)

28.7
78.3
4.8

98.7
88.8
94.8
94.8
39.0

96.9
(81.4)

71.3
21.7
95.2

HLA-DP, HLA-DR, ICOS, IL6R, LGALS9

HLA-DOA, HLA-DQ, HLA-DR, CCR5, CXCR3, LGALS9

HLA-DP, HLA-DR, ICOS, IL6R, LGALS9

HLA-DMB, HLA-DQ, TBX21, IL12RB2, CCR5, KLRC1

HLA-DMA, HLA-DMB, HLA-DP, HLA-DQ, HLA-DR, CCR5, KLRC1,
HLA-DMA, HLA-DR, LGALS9, MAP2K6, TNFSF11

HLA-DP, HLA-DQ, HLA-DR, IFNG, IL6R, LGALS9

KLRD1, NOTCH2, PIK3CA, PIK3CB, PSEN1

HLA-DQ, HLA-DR

CD86, HLA-DMA, HLA-DQ, HLA-DR

Table 2. Preferential TCR Vg ana Va gene usage in Th2, Thl and Thi17 clusters

Participant’  Cluster number?> T :RVB® TCR Vo'
T1D #1 8 V5-4 V8-1
T1D #1 8 V5-6
TiD #1 8 V6-6
T1D #1 8 V7-2
TiD #1 8 V9

1T]|£5?ﬂicipant samb]les with clu¥®ets identifidd as either Thl, or Th2 or Th17. T1D #1 is the sample shown in
FIgBrél4. T1D #2 -¥7 and Healthy3#1 - #4/38d the same as those in Supplemental Data Figure 4 A -

réspedtively.

3

V9

ZTlaL?gters identiffLeod by DGE o%/"i‘_hlz-assoc\llgted genes (p<0.01)

T1D #3

10

V7-7

3rysters identifiggd by DGE oflad-associated genes that include TBX21 (p<0.01)

4. Clusters identified by DGE of Th1-associated genes that include EOMES (p<0.01)

5. Clusters identified by DGE of Th17-associated genes (p<0.01)

6. Frequency of 127-hi cells within a cluster

7. Frequency of CD25-neg cells within a cluster



T1D #3 10 V24-1

T1D #3 10 V28
T1D #3 10 V29-1
T1D #4 9 V6-6
T1D #4 11 V25-1 V10
T1D #5 12 V13
T1D #7 1 V10
Healthy #1 11 V14
Healthy #2 11 V6-4
Healthy #2 12 V6-4
Healthy #3 10 V12-5
Healthy #4 2 V6-8 V13-2
healthy #4 2 V20-1 V34

Table 3. T cell clonal expansion is evident in Thl, Th2 o~ Th17 127-hi (orange) and CD25-neg

9,

T1D #1 8’ 8 220, 147, 26, 25, 15, 11, 8, 2 DGE Th2

TiD #1 11 8 153,102, 12, 12, 10, 13, 11, 2 DGE Th2

T1D #2 6 5 26, 15, 12, 16, 10 DGE Th2

T1D #2 10 5 10,9, 14,7, 8 DGE Th2

TiD#3 10 3 50, 45, 21, 9, 15 DGE Th2

T1D #7 1 1 10 IPA Th2

TiD#1 13 1 21 DGE non-classical Thl

TiD #2 2 1 15 DGE non-classical Thl

T1D #2 4 1 11 DGE non-classical Thl

TiD #4 11 1 25 IPA classical Thl

T1D #5 5 2 10,7 DGE Th17

T1D #6 4 4 6, 10,9, 3 DGE Th17
Healthy #1 11 5 131, 86, 73, 45, 22 DGE classical Thl
Healthy #2 11 2 11,12 DGE non-classical Thl
Healthy #3 10 1 42 DGE classical Thl
Healthy #4 2 5 82, 30, 27, 22, 16 DGE non-classical Thl
Healthy #4 7 1 14 IPA non-classical Thl

(green) clusters
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Graphical Abstract



Highlights

* 127-hi Th2 cells differ transcriptionally from other Th2 cells

* The frequency of 127-hi Th2 cells positively correlates with length of partial remission

« 127-hi cell clonal expansion co-localizes with Th2 cells in paired single cell RNA/TCR sequencing
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