Supplementary Figure 1: Generation of human collagen I1,s.273-specific CD4* T cell line. (A) Splenocytes and inguinal lymph node cells from HLA-DR1
transgenic mice immunized with bovine type II collagen/CFA, incubated with hCll,s9.273 for 7 days, were stained with PE-conjugated-HLA-DRB1*01:01-Cll,so-
273 tetramer then sorted as single tetramer” and tetramer cells. TCR gene usage and clonality was profiled. (B) The oligoclonal, CIl»se.,73 -specific paired TCRof3
sequence used for TCR cloning. The colored boxes represent the TCR plasmid schematic. (C) hCD3, mTCRp and HLA-DRB1*01:01-Cllzs9.273 staining of
untransduced, CII-TCR-transduced SKW3 cells before or after sorting for TCR/CD3 stained with FMO, irrelevant tetramer or HLA-DR1*01:01-Cll259-273
tetramer in presence of Dasatanib, gated on either live cells or CD3+TCR+ cells. (D) Healthy buffy coat (BC) PBMC without or spiked with CII-TCR-transduced
SKW?3 cells without or with Dasatanib. RA PBMC spiked 1:30 with CII-TCR-transduced SKW3 cells, stained with relevant or irrelevant tetramer (E) CD69

expression by CII-TCR-transduced SKW3 cells in response to varying concentrations of Cllyso.273, aggrecange.io3 or PMA/Ionomycin, in the presence of HLA-
DRB1*01:01+ PBMCs. Each data point represents mean + SEM of duplicates.
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Supplementary Table 1: Nucleotide sequence of human HLA-DRB1*01:01 Collagen II (259-273) TCRa and TCRp.

TRAV Va CDR3a Ja TRAJ

19 YLCAA GQGGSAKL IFG 57

TGCTGTCCTGAGACCGAGGATCTTTTAACTGGTACACAGCAGGTTCTGGGTTCTGGATGTATGAGCTCACTGTCAGCTTTGTCCCC
TCCCCAAAGATGAGCTTCGCAGACCCTCCTTGCCCTGCTGCGCAGAGGTACACTGCTGTGTCTTCAGGCTGGGAGGCTGTGATGTG
CAGTGAGAAGTGTTTGCCGCTTTTGTTCAAGAAAACTGTGAGTCTTCCGTCTTCCCTCTTATCCACATTTGAGCGTACGGATATCA
GGAGTGTGGGGCTGTTGTCAGGGTATTTTTTGTACCAGGCAAAATAGTCAAACATATCATTCTCGTAGTCACAATTCAGGATCGAT
ATCCCTCCCTCTT

TRBV VB CDR3p Jp TRbJ

31 YLCAW SPGTVNTGQL YFG 2-2

TGGCCAGCACACGAGGGTAGCCTTTTGTTTGTTTGCAATCTCTGCTTTTGATGGCTCAAACAAGGAGACCTTGGGTGGAGTCACAT
TTCTCAGATCCTCCAGCACTGTCAGCTTTGAGCCTTCACCAAAGTAGAGCTGCCCGGTGTTTACCGTCCCCGGACTCCAGGCACAG
AGGTAGAAGCCAGAGTGGCTGAGAAGCAGCTTCTCCGTGCTTAGGATGAATTGGTCGTCCTTCGGCCTGGAAGCTGAGAGGTTCA
GTTGCACCACCGACTCTACCTGGCCAACAGA




Supplementary Figure 2: Improving CD3+ and CD4+ T cell resolution. Frozen PBMC samples from two RA patient samples, taken at two
different points in disease (Baseline and Day 29), were processed and stained with different combinations of fluorescently conjugated antibodies
in order to clearly distinguish between CD4+ and CD4- T cells. Representative dot plots are depicted of cells gated using FSC and SSC, singlets,
dead cell exclusion and lymphocyte gates. (A) Patient 101-001 samples stained according to Jansen et al. (20), where Lineage - CD3+ T cells were
pre-gated and dot plots were displayed as CD3 BUV737 vs CD4 AF700. (B) Patient 101-011 samples stained according to the updated panel,
where Lineage - CD3+ T cells were pregated and dot plots were displayed as CD3 BUV737 vs CD4 BUV395.
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Supplementary Figure 3: Comparative gating strategy for tetramer analysis of patient R1.
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Supplementary Figure 4: Comparative gating strategy for tetramer analysis of patient R2.
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Supplementary Figure 5: The specificity of HLA-DRB1*04:01- or HLA-DRB1*01:01-Cll259-273 tetramers for CIlI-specific cells.

Representative positive control samples stained with HLA-DRB1*04:01-ClIl259-273 tetramer, conducted as part of precision (Table 2).
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Supplementary Table 2: Results from R1. CD4 T cell subpopulations as percent gated from R1 (HLA-DRB1*04:01) samples performed on Day
1 and 2 with replicate values and calculations of mean, SD and intra-assay precision (%CV). Bold text and values marked with * are identified as
outliers when replicates from four assays from the same sample are combined and analysed by outlier test ROUT (Q=5%). Values >35% in %CV
are presented in red, as failing to meet for recommended %CV for flow cytometry methods.

Day 1 & 2 HLADRB*0401 R1

Day/ Tet+ Tet+ CD127- Tet+ CD127+ Tet+ PD1+ Tet+ CD45RO0+ Tet+ CCR7+ Tet+ CDh4 Tet+ CDh4 Tet+ CDh4

Assay CD127- CD25+ CD127+ CD25+ PD1+ CD45RO0+ CCR7+ CDh4 Tcm CDh4 Teff CD4 Tnaive

No./ CD25+ CD25+ Tcm Teff Tnaive

Analyst

Day 1 0.07 8.20 7.11 18.58 17.41 12.77 873 27.66 26.40 90.43 84.40 12.23 9.34 6.92 8.28 77.13 73.19

Assay 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Analyst 1

Mean 0.07 8.20 7.11 18.58 17.41 12.77  8.73 27.66 26.40 90.43 8440 12.23 9.34 6.92 8.28 77.13 73.19

Day 1 0.05 10.26 7.17 14.10 13.09 8.64 7.24 32.10 29.66 87.65 81.74 1852 10.29 8.64 12.07 69.14 69.86

Assay 2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Analyst 2

Mean 0.05 10.26 7.17 14.10 13.09 8.64 7.24 32.10 29.66 87.65 81.74 1852 10.29 8.64 12.07 69.14 69.86

Day 2 0.04 4.26 591 4.26 9.83 10.64 11.28 60.64* 56.81* 78.72* 66.68* 40.43 24.25* 18.09 27.32* 36.17 40.66*

Assay 3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Analyst 1

Mean 0.04 4.26 591 4.26 9.83 10.64 11.28 60.64 56.81 78.72 66.68 4043 2425 18.09 27.32 36.17 40.66

Day 2 0.04 10.22 6.19 13.14 11.21 10.79  6.82 30.22 26.40 89.93 81.08  20.14 9.80 3.60 11.56 67.63 70.04

ﬁssﬁ}”‘ ) 0.06 11.48 7.69 19.67 14.90 8.07 7.54 33.87 26.45 88.17 82.82 1989 10.77 8.07 10.71 66.13 70.79
nalyst

Mean 0.05 10.85 6.94 16.41 13.06 9.43 7.18 32.04 26.42 89.05 8195 20.02 10.29 5.83 11.13 66.88 70.41

SD 0.01 0.89 1.06 4.62 2.61 1.93 0.51 2.58 0.03 1.24 1.24 0.18 0.69 3.16 0.60 1.06 0.53

% CV 25.51 8.19 15.26 28.16 19.98 2045  7.10 8.07 0.13 1.39 1.51 0.89 6.67 54.18 5.42 1.58 0.75




Supplementary Table 3: Results from R2. CD4 T cell subpopulations as percent gated from R2 (HLA-DRB1*01:01) samples performed on Day
1 and 2 with replicate values and calculations of mean, SD and %CV. Bold text and values marked with * are identified as outliers when replicates
from four assays from the same sample are combined and analysed by outlier test ROUT (Q=5%). Values >35% in %CV are presented in red, as

failing to meet for recommended %CV for flow cytometry methods.

Day 1 & 2 HLADRB*0101 R2

Day/

Tet+

Tet+

Tet+

Tet+

Tet+

CD127- CD127+  Tet+ Tet+ Tet+ CD4 CD4 CDh4
Assay No./ Tet+ CD127- CD127+ PD1+ CD45R0+ CCR7+ CD4 CD4 CD4 .
Analyst CD25+ CD25+ CD25+ CD25+ PD1+ CD45R0+ CCR7+ Tem Tcm Teff Teff Tnaive Tnaive
Day 1 0.01 13.33 9.77* 20.00 22.64  25.00*% 1244 75.00 56.97 68.75 66.62 43.75 2285 1875 2550 18.75 41.53
Assay 1
Analist 1 0.02 12.12 7.54 18.18 15.09 9.09 1175 63.64 58.87 4546  65.64 18.18 2343 4242 2829 27.27 40.11
Mean 0.02 12.73 8.66 19.09 18.86 17.05 12.10 69.32 57.92 57.10 66.13 3097 23.14 30.59 26.89 23.01 40.82
SD 0.01 0.86 1.58 1.29 5.34 11.25  0.49 8.04 1.35 16.47 0.69 18.08 041 16.74 1.98 6.03 1.00
% CV 50.22 6.73 18.25 6.73 28.32 66.00  4.03 11.59 2.33 28.85 1.04 5838 176 54.73 735 26.19 2.46
Day 1 0.04 5.95 6.65 1191 10.05 15.29 9.50 55.29 57.49 65.88 59.01 23,53 1790 27.06 31.67 42.35 39.22
A 2
Aflfgst 2 0.05 10.00 7.42 18.57 12.54 9.86 10.73 63.38 57.49 60.56 59.09 21.13 1823 36.62 31.73 36.62 39.09
Mean 0.04 7.98 7.03 15.24 11.29 12.58 10.11 59.34 57.49 63.22 59.05 2233 18.06 3184 31.70 39.49 39.16
SD 0.00 2.86 0.54 4.71 1.76 3.84 0.87 5.72 0.00 3.76 0.06 1.70 0.23 6.76 0.04 4.05 0.09
% CV 7.70 35.89 7.67 30.93 15.59 30.56 8.61 9.64 0.01 5.95 0.10 7.61 1.28  21.23 0.12 10.27 0.23
Rsasyair 3 0.03 6.25 7.51 15.63 16.76 12.31 10.38 61.54 56.28 7539 6343 3846 2148 2154 29.19 36.92 40.21
Analyst 1 0.03 5.88 7.93 19.61 16.59 7.69 7.48 29.81 28.02* 90.39 80.56 18.27 10.77 577 12.27* 71.15* 68.54*
Mean 0.03 6.07 7.72 17.62 16.67 10.00 8.93 45.67 42.15 82.89 7199 2837 1613 13.65 20.73 54.04 54.38
SD 0.00 0.26 0.30 2.82 0.12 3.26 2.05 22.44 19.98 10.61 12.11  14.28 7.57 11.15 1197 24.20 20.04
% CV 7.26 4.29 3.87 15.99 0.73 32.64 2293 49.12 47.40 12.80 1682 50.34 46.95 81.67 57.72 44.79 36.85
Day 2 0.02 0.00 7.07 9.68 11.06 6.45 7.77 64.52 53.09 90.32 53.71 4839 1450 9.68 31.51 35.48 37.63
:fls:g:t 2 0.02 0.00 7.08 20.59 11.76 5.88 8.45 76.47 53.18 76.47 57.79 50.00 1641 14.71 30.19 26.47 39.72
Mean 0.02 0.00 7.08 15.13 11.41 6.17 8.11 70.49 53.14 8340 5575 49.19 1545 1219 30.85 30.98 38.68
SD 0.00 0.00 0.00 7.72 0.50 0.40 0.48 8.45 0.06 9.79 2.89 1.14 1.35 3.56 0.94 6.37 1.48
% CV 5.68 0.00 0.07 50.98 4.39 6.54 5.88 11.99 0.12 11.74 5.18 2.32 8.76  29.17 3.04 20.57 3.82




Supplementary Table 4: Results from buffy coat sample. CD4 T cell subpopulations as percent gated from buffy coat sample performed on
Day 3 with replicate values and calculations of mean, SD and %CV. Bold text and values marked with * are identified as outliers when replicates
from four assays from the same sample are combined and analysed by outlier test ROUT (Q=5%). Values >35% in %CV are presented in red, as
failing to meet for recommended %CV for flow cytometry methods.

Day 3 Buffy coat

Day/ Assay CD127- CD127+ Ch4 CDh4 CD4 T
No./Analyst CD25+ CD25+ PD1+ (k4140 CCR7+ Tcm Cha et Tnaive Cells
Day 3 7.61 19.79 13.51 55.73 78.53 31.66 19.68 45.25 76.16
Assay 5 7.39 17.47 13.16 54.54 75.94 28.51 21.32 45.74 75.96
Analyst 1 7.97 20.30 14.25 55.59 81.99 34.28 16.89 46.03 76.23
Mean 7.66 19.19 13.64 55.28 78.82 31.48 19.30 45.67 76.12
SD 0.29 1.51 0.56 0.65 3.04 2.89 2.24 0.39 0.14

% CV 3.84 7.88 4.08 1.18 3.85 9.19 11.62 0.86 0.18

Day 3 5.72 10.40 11.80 53.26 77.13 27.96 20.55 47.49 75.88
Assay 6 5.77 10.37 11.55 53.56 77.48 28.49 20.37 47.30 75.81
Analyst 2 5.80 10.61 11.50 52.36 78.88 28.51 19.19 48.67 75.76
Mean 5.77 10.46 11.62 53.06 77.83 28.32 20.04 47.82 75.82
SD 0.04 0.13 0.16 0.62 0.93 0.31 0.74 0.74 0.06

% CV 0.73 1.26 1.39 1.18 1.19 1.10 3.69 1.56 0.08




Supplementary Table 5: Results from R3. CD4 T cell subpopulations as percent gated from buffy coat sample performed on Day 3 with replicate
values and calculations of mean, SD and %CV. Bold text and values marked with * are identified as outliers when replicates from four assays
from the same sample are combined and analysed by outlier test ROUT (Q=5%). Values >35% in %CV are presented in red, as failing to meet for
recommended %CV for flow cytometry methods.

HLADRB*0401 R3

Tet+

Tet+

Da CD127 CD127 Tet+ Tet+ Tet+C Tet+C
As:’a/y No) | Tets CP127 (D127 7, Tet*  ppi+  CD45RO  CD45RO+ 1  ccr7+ cpa P py D4 D4 D4 Tet+  (hysy
Analyst . CD25+ * CD25+ PD1+ + CCR7+ Tcm Tem Teff Teff Tnaive Tnaive D25+
CD25+ CD25+

005 658 712 3553 2739 5425 4154 7386 66.25 7582 6723 5621 4349 17.65 2043 2484 3067 5658  48.83
Day 4 007 664 793 3507 3149 4470 3855 7143 66.27 7005 6863 4885 4453 1982 1941 2719 3076 5877  56.15
Assay 7 005 909 785 4470 3252 5324 4225 7122 66.22 7338 6865 49.64 4446 2086 1952 2806 3088 6818  58.52
Analyst1 | 006 755 782 3333 3013 4663 3704  70.55 66.16 7117 6844 5215 4401 1534 1992 2393 3092 5660  55.16

006 864 734 2901 2719 4364 3363 6606 63.86 7030 6439 4727 3955 1636 2172 2788 3243 5370 5197
Mean 006 770 761 3553 2974 4849 3860  70.62 BT 7214 6747 5082 4321 1801 2020 2638 3113 5877  54.13
SD 001 114 036 574 240 493 350 2.84 1.06 244 182 349 209 231 094 188 073 556 378
% CV 1443 1483 472 1615 806 1016  9.08 4.02 161 338 269 687 48 1284 465 712 235 947 698

005 662 573 2279 1792 3071 2747 6857 66.18 6500 6222 4571 3747 2143 2668 2929 3058 3971  36.22
Day 4 007 520 581 2601 17.85 4068 2625 6836 66.21 7232 6077 4859 3642 1751 2777 2994 3036 4277  36.29
Assay 8 005 1351 571 1892 1667 3913 2480 7130 66.09 60.87  60.06 3826 3580 3043 2809 2609 3030 4685  34.90
Analyst2 | 005 833 568 1917 1781 37.60 2758  71.20 66.14 6480 6197 4320 3721 2560 2685 2560 3052 4167 3617

005 310 586 2248 1834 2636 2795  70.54 66.27 6202 6331 4806 3837 2248 2584 2558 3058 3566  37.03
Mean 005 735 576 2187 1772 3490 2681  69.99 66.18 6500 6167 4476 3705 2349 2705 2730 3047 4133  36.12
SD 001 394 007 293 062 610 129 143 0.07 446 127 422 099 484 090 214 013 411 077
% CV 1656 53.60 130 1340 352 1749 482 2.04 0.10 686 206 942 267 2060  3.33 7.82 043 993 213

10




Supplementary Table 6: Calculated required viability to achieve desired precision level. For correlation of precision and viability, from all
subpopulations tested across all assays, five subpopulations - tet+ (n=7), tet+PD1+ (n=7), tet+CCR7+ (n=7), CD127-CD25+ (n=9) and
CD127+CD25+ (n=9) cells — were significantly negatively correlated (p<0.05), with Pearson r values of -0.8142, -0.9684, -0.8421, -0.794 and -
0.8012 respectively. The linear regression equations generated from the correlation graphs of these significantly correlated subpopulations were
used to extrapolate the minimum viability required to achieve %CV of 10%, 25% and 35% respectively.

Significantly correlated
subpopulations
Linear regression
equation used in Y =-1.405*X +
extrapolating viability 139.3
values
Extrapolated required
% viability for %CV= 74.23 82.07 57.02* 40.63* 59.86*
35%
Extrapolated required
% viability for %CV= 81.35 86.78 68.75* 56.93* 70.94*
25%
Extrapolated required
% viability for %CV= 92.03 93.84 86.35 81.38 87.56
10%
Note: In equations, Y = %CV and X= % viability.
*The highest %CV observed in subpopulation tet+CCR7+, CD127-CD25+ and CD127+CD25+ are 28.85%, 28% and 18.25% so calculated viability for
% CV 25% and 35% are from out-of-range calculations and hence less reliable than that of viability required for %CV =10%.

Tet+ Tet+PD1+ Tet+CCR7+ CD127- CD25+ CD127+ CD25+

Y =-2.125*X+209.4 | Y=-0.8525*X+83.61 | Y=-0.6134*X+59.92 | Y=-0.9026*X + 89.03

11



Supplementary Table 7: Results from additional RA samples R4 and RS analysed after qualification exercise. Patient sample details and
CDA4 T cell subpopulations as percent gated from RA patients R4 and RS samples performed after completion of the formal qualification exercise,
with replicate values and calculations of mean, SD and %CV. Values marked with * are identified as outliers from the replicates of the same
sample when analysed by Dixon's test for a single outlier for small data sets and were excluded from the calculations. One replicate from RS is
fully excluded as most of the marker values are identified as outliers. Values >35% in %CV are presented in red, as failing to meet recommended
%CV for flow cytometry methods.

Patient sample details:

Cells per vial at the time Cell count after A
; . . . Cell recovery after Cell Viability
Patient No. HLA Type of freezing (No of Vials Frozen on thawing from all . a i
. . thawing (%) (%)
thawed) vials combined
R4 HLA DR *0401/0404 20 x 106 (2 vials) 22/11/2019 25.7x 106 68.75 98.40
R5 HLA DR * 0401 22 x 106 (2 vials) 15/06/2018 37.3x106 84.77 96.60
CDA4 T cell subpopulations as percent gated:
Tet+ Tet+
CD127 CD127 Tet+ Tet+C
PatientNo. | Tet+ C0127 0 D127, ot PDI+  ho% CDASRO+ o, CCR7+ D4 So% pg  fD4 TenODA o CD4
- CD25+ + CD25+ PD1+ CD45R0+ CCR7+ Tem Tcm Teff Te: Tnaive Tnaive
CD25+ CD25+

283.00  2.12* 7.07 1449 3781 9258 2721 8.83 63.96 4.32 5.91 12.64 3518  93.00 2677 7.51 65.46

R4 252.00  5.95 1032  17.86  40.08  91.67  29.76 9.52 60.71 4.28 6.39 13.06  35.04 9355  27.24 6.95 65.61
59.00*  5.09 5.09 11.86 3220 9322 2542 6.78 67.80 4.36 6.44 1181 3503 9292 2661 7.55 65.57

Mean 21533  6.38 8.32 16.46 3923 9257  29.38 8.76 61.86 4.29 6.22 1252 3504 9324 2692 7.25 65.60

SD 91.68 1.56 2.72 4.23 6.06 0.66 4.23 1.39 5.44 0.06 0.25 0.52 0.11 0.33 0.28 0.32 0.12

% CV 42,57 2439 3272 2569 1544 0.71 14.39 15.91 8.79 1.49 3.96 4.15 0.33 0.35 1.03 4.43 0.18
52.00*  1.92*  57.69* 19.23*  67.31* 92.31* 55.77* 5.77* 36.54* 7.38%  4133*  1637% 51.38% 93.65* 40.82* 6.74* 52.09*

RS 146.00 3425 2740 3082 7397 7671  47.95 23.97 27.40 7.36 4098 1628  51.03 9350  40.39 6.87 52.35
12600  43.65 2381 3413 7381  73.02  42.06 30.95 26.19 7.42 4017 1594 5097 9353  40.40 6.88 52.38

Mean 136.00 3895 2560 3247 7389 7486  45.00 27.46 26.79 7.39 4058 1611  51.00 93.51  40.39 6.87 52.36

SD 14.14 6.65 2.54 2.34 0.12 2.61 4.16 4.93 0.85 0.05 0.58 0.24 0.04 0.02 0.01 0.01 0.02

% CV 1040  17.07 9.91 7.20 0.16 3.49 9.24 17.97 3.19 0.61 142 1.51 0.08 0.02 0.02 0.08 0.04
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	Supplementary Figure 1: Generation of human collagen II259-273-specific CD4+ T cell line. (A) Splenocytes and inguinal lymph node cells from HLA-DR1 transgenic mice immunized with bovine type II collagen/CFA, incubated with hCII259-273 for 7 days, wer...
	Supplementary Figure 2: Improving CD3+ and CD4+ T cell resolution. Frozen PBMC samples from two RA patient samples, taken at two different points in disease (Baseline and Day 29), were processed and stained with different combinations of fluorescently...
	Supplementary Figure 5: The specificity of HLA-DRB1*04:01- or HLA-DRB1*01:01-CII259–273 tetramers for CII-specific cells. Representative positive control samples stained with HLA-DRB1*04:01-CII259-273 tetramer, conducted as part of precision (Table 2).

