Discovery of TSC-100: A Natural HA-1-specific TCR to Treat Leukemia
Following Hematopoietic Stem Cell Transplant Therapy
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Abstract TScan’s optimal vector includes CD8a and CD8f3, a CD34 enrichment tag, and TSC-100 shows no alloreactivity to 108 HLA types
Background: Approximately 30-40% of AML patients relapse following allogeneic hematopoietic stem cell transplant therapy; modifications in the constant and transmembrane domains of the HA-1 TCR
leaving them with very few treatment options (1,2). Rare patients that naturally develop an HA-1-specific graft-versus-leukemia T Detection limit  A*02:01 A*02:06 A*02:02
cell response, however, show substantially lower relapse rates (3,4). HA-1 (VLHDDLLEA, genotype RS 1801284 A/G or A/A) is an B
HLA-A"02:01- and haematopoietically-restricted minor histocompatibility antigen, making it an ideal candidate for TCR CDS8q CD8a+CDSR Pre-enrichment  Post-enrichment Original sequence CDTM modifications 15000 i
immunotherapy for liquid tumors (5). — 100907 A*02:03 3
Methods: We developed a high-throughput TCR discovery platform that enables rapid cloning of antigen-specific TCRs from _ 4000007 400000~ HA-1 peptide dose = £ 50007 AT0205 wozor
healthy donors. We then used this platform to screen 178.3 million naive CD8+ T cells from six unique HA-1- (VLRDDLLEA, % 300000~ §300000_ — % oo
genotype RS 1801284 G/G) donors, identifying 329 HA-1-specific TCRs. We tested each TCR for expression and the ability to Kkill 5 s — Z
. . . .. . . — — — 0.05 ng/mL - L_I_ 15000 —
HA-1+ target cells, using a previously published, clinical-stage HA-1-specific TCR as a benchmark for these studies (6). In parallel, 8 200000~ 8 200000+ — 05 ng/mL 5 .
we tested TCR constant region modifications to promote expression and proper pairing of exogenous TCR alpha and beta chains 5 3 — 5ngmL © 100007 X
and designed a lentiviral vector to co-deliver CD8 coreceptors as well as a CD34 enrichment tag to enable purification of §100000- 5100000- 5000
engineered T cells. The top 11 candidates were cloned into our optimized backbone and evaluated for cytotoxicity, cytokine : - s L o T T T T
production, and T cell proliferation using a panel of HLA-A*02:01+ HA-1+ cell lines. Finally, the top two TCRs were evaluated for 0 20 80 0 20 40 60 80 ; W 108 C VHC
alloreactivity and off-target cross-reactivity using our proprietary genome-wide T-Scan platform. Hours Hours HA-T dextramer HA-1 dextramer ommon °
Results: The TCR discovery and evaluation platform described here identified 329 HA-1-specific TCRs from a total of 178.3 million n TSC-100 was tested in an alloreactivity assay. Endogenous MHCs were knocked out of HEK293T cells
naive T cells, and TSC-100 as the most active TCR. Defined mutations in the constant region of TSC-100 enhanced its surface Promoter TCRp TCRo Tag  CD8u CcD8p using CRISPR/Cas9-gRNA ribonucleoprotein delivery and a cell line was prepared that stably
expression while decreasing expression of endogenous TCRs, and co-introduction of CD8 enabled efficient engagement and _-___.__ - ____ expresses a 90-residue protein fragment that includes the HA-1 sequence. Individual MHCs
function of engineered CD4 T cells. Overall, TSC-100 exhibited comparable activity to a clinical-stage benchmark TCR when representing the 108 most prevalent HLA types were then introduced into both the HA-1+ and HA-1-
challenged with cell lines expressing moderate to high levels of HA-1, and superior activity when incubated with cell line , i o _ cell lines by lentiviral transduction. Cells in 96-well format were incubated overnight with human
expressing low levels of both HA-1 and MHC-I (6). In addition, TSC-100 exhibited no detectable allo-reactivity to 108 different HLA (A) CD4 T cells were isolated and transduced to express a HA-1-specific TCR along W'th_ el_th.er CD8a alone or both CD8a and CD8. Engineered T cells were primary CD8 T cells expressing TSC-100 and IFN-y concentration in the supernatant was measured by
types tested, and no appreciable off-target effects when challenged with a genome-wide library expressing peptides derived from co-cultured with labeled T2 cells loaded with different concentrations of HA-1 peptide (E:T=5:1) and the growth of the T2 cells (or lack thereof) was quantified ELISA. Concentrations above 20,000 pg/mL exceeded the linear detection range of the assay.
human proteins. on an IncuCyte as a readout of the cytotoxicity of the T cells. (B) TSC-100 delivery vector contains a CD34 tag grafted on the N terminus of CD8a, enabling
Conclusion: TSC-100 exhibit ol . vty t inical-st th fic TCR. with able all enrichment of engineered T cells using a GMP-compatible Miltenyi CD34 enrichment kit. T cells were transduced with TSC-100 and evaluated for CD34
QNLLSION. ¢ ] { ?fx It ISB con&parathe of su?frlczFSaCC;\goyho i lecg S agzt elrl\?geu ICbI' ’ }[,YI't' nc?[ apprecia fe ? ?(' expression and TCR expression by HA-1/HLA-A*02:01 dextramer staining pre- and post-CD34 enrichment. (C) The original sequence of TSC-100 was J .
_reahctlwty ct>r (?[. ) a_rg(;O;ec S. based on these resdlts, ] as been advanced 1o -enhabling activities 1o prepare tor first- compared to modified sequences carrying optimization of residues in the constant domain (CD) and in the transmembrane domain (TM) designed to ensure Tscan S genOme-Wlde screen ShOWS TSC'1 00
n-human testing In ' surface expression and proper alpha/beta pairing of the TCR. Primary human T cells were transduced with different versions of the TCRs and the surface haS no detectable Off'tar ets
expression of the properly paired TCR was assessed by dextramer staining. (D) Final vector configuration. Stars indicate CD and TM modifications. g
TCR discovery platform identifies 329 novel HA-1 TCRs
D-4 > DO v CD14* monocytes were isolated from i i I 1f1 - - = (-
o 2o ENENG - CD14' monocytes were  isolated Final triage platform identifies HA-1 TCR TSC-100 5 o
M), maturation gative heailny donors < 3001 on-target
GGS)) — Dextramer CD8 T cell on day -4 and differentiated to mature DCs. 2 hits
<Y ) . C TF-1 targets = 001 y
/ \ 0. D1 \ On day -1, naive CD8 T cells were isolated A (A) Pan-T cells were ftransduced to 9 Positive control -
_ . coculture Rapid expansion of from  autologous PBMCs and rested T5e-100 Fred Hutch INF-y Granzyme B TNF-a express 11 HA-1-specific TCRs in the S 100
Q;@Q and antigen- ®o% > _ T cells followed by - overnight. Co-culture of CD8 T cells and DCs . ' 1200 —— 15000 —— 50 —t TScan optimal vector. Surface expression oL — — — — = —
O e Antigenio —= — [3880848) —  TCRseavendng oo herformed following 3 h pulsing of DCs 0 70% 1% 3 of the TCRs was assessed by HA-1/HLA- : . . 0 . o0 e
Peptide using 10x Genomics T £ ) * . Protein fragment number
\ platform with 1 yg/mL HA-1 peptide (VLHDDLLEA), 5" 3 g E A*02:01 dextramer staining. TSC-100 and
o / followed by an 11-day cell expansion phase. S5 2 e00- & 7500- 2 254 the benchmark TCR ‘Fred Hutch’ are
Q0 — © on CQ\-,Q@ Dextramer stainina was performed with T @ 2 3 3 shown. (B) Engineered T cells were co- TSC-100 was evaluated for off-target reactivity using T-Scan (7). In this genome-wide safety screen, T
b-)\.) @3 — :@ 'Q — UVO g p < L c E i
) — A*02:01-specific HA-1 dextramer to identify L ; s cultured with labeled HLA-A*02:01+ cell cells expressing TSC-100 were co-cultured with a library of HLA A*02:01+ target cells, each expressing
Isolatelj;:reDs?na'l've i Antigen 1 clones, which were then rapidly expanded "R e R o 0- 0- 0- lines endogenously expressing varying a different 90-amino acid protein fragment. Collectively, the library includes fragments that tile across
CD8+ T cells §Li: 5 R §L:: using irradiated unmatched PBMCs in the SSC-A 0,@“%\&6‘ L 0,»@“ %\&6‘ L o,@“ \»‘f L levels of HA-1 at different E:T ratios, and every protein in 22-amino acid steps. Fragments are processed naturally by the target cells and the
2l 0% | Pproliferation <1~ 721/ presence of I[L-2. After 7 days, HA-1 L L L their survival was quantified on an resulting peptides are displayed on cell-surface MHCs. If a T cell recognizes its target, it attempts to Kkill
m& Dextramor dextramer-positive cells were sorted and IncuCyte as a readout of cytotoxicity of the the target cell, thereby activating a fluorescent reporter. By isolating fluorescent cells and sequencing
single cell TCR sequencing was performed. B TF-1 targets T cells. (C) Engineered T cells were co- their expression cassettes, the natural target(s) of the TCR are revealed. Out of ~600,000 clones, only
SUP-M2 targets THP-1 targets TF-1 targets CD8 T cell proliferation cultured with these cell Iine_s for 24 h (E:T the three clones in our library that contain the HA-1 epitope were significantly enriched in the screen.
y . y . P . . (E:T 2.5:1) (E:T 2.5:1) (E:T 5:1) " 1:1) and the concentration of IFN-y,
Validate As You Go” (VAYG) screen identifies 11 TCRs with high  oono- granzyme B, and TNF-a in the _
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expression and cytotoxicity - cylokines  are shown for TF-1 cells i - | | |
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S c 3 2 2000 exoressing  low level of MHC-l and 329 HA-1-specific TCRs were identified from six HA-1-negative healthy donors using a novel TCR
§ Fred Hutch 10-26 B (A) Pan-T cells were transduced to gnf 1 %200- 3 3 anft)i en %D) Enaineered T cells were discovery platform. High-throughput screens and in-depth functional assays were then used to identify
P NI ORI R HA-1 peptide pulsed T2 cells ~ €XPress 329 HA-1-specific  TCRs. 5 T 5 & E ab eﬁed' with = 7 oroliferation dye and | | the most active TCR, which was termed TSC-100. In side-by-side assays, TSC-100 showed superior
Surface expression of the TCRs was 100 2 3 * : . activity to a clinical-stage HA-1-specific TCR when co-cultured with cell lines expressing low levels of
2 0- cocultured with target cell lines for 96 h . .
120- assessed by HA-1/HLA-A*02:01 0 S & .0 - 4. I HA-1 and MHC-I. TSC-100 demonstrated no off-target effects in a human genome-wide safety screen
e . 0 ' ' L SIRCCRIR (E:T 1:1). Dye dilution was used to assess . .
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