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ABSTRACT

Adoptive cell therapy using TCR-engineered T cells (TCR-T cells) represents a promising strategy for
treating relapsed and metastatic cancers. We previously established methods to identify neoantigen-
specific TCRs based on patients’ PBMCs. However, in clinical practice isolation of PBMCs from
advanced-stage cancer patients proves to be difficult. In this study, we substituted blood-derived
T cells for tumor-infiltrating lymphocytes (TILs) and used an HLA-matched cell line of antigen-
presenting cells (APCs) to replace autologous dendritic cells. Somatic mutations were determined
in head and neck squamous cell carcinoma resected from two patients. HLA-A*02:01-restricted
neoantigen libraries were constructed and transferred into HLA-matched APCs for stimulation of
patient TILs. TCRs were isolated from reactive TIL cultures and functionality was tested using TCR-
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T cells in vitro and in vivo. To exemplify the screening approach, we identified the targeted engineered T cells

neoantigen leading to recognition of the minigene construct that stimulated the strongest TIL
response. Neoantigen peptides were used to load MHC-tetramers for T cell isolation and a TCR
was identified targeting the KIAA1429p,355¢ mutation. TCR-T cells were activated, exhibited cyto-
toxicity, and secreted cytokines in a dose-dependent manner, and only when stimulated with the
mutant peptide. Furthermore, comparable to a neoantigen-specific TCR that was isolated from the
patient’s PBMCs, KIAA1429p,35ge-specific TCR T cells destroyed human tumors in mice. The estab-
lished protocol provides the required flexibility to methods striving to identify neoantigen-specific
TCRs. By using an MHC-matched APC cell line and neoantigen-encoding minigene libraries, auto-
logous TILs can be stimulated and screened when patient PBMCs and/or tumor material are not
available anymore.
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Introduction We identified neoantigen-specific T cells from PBMCs

Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common cancer type and has usually a poor
prognosis.' > HNSCC is often highly immunosuppressive,
which is characterized by low numbers of T cells in the
tumor microenvironment.*”” Adoptive cell therapy (ACT)
using tumor-specific TCR-engineered T cells, which recog-
nize cancer-specific neoantigens, is a promising option to
overcome the limitation of presently available treatments.
In previous work, our group established effective and rapid
methods to identify neoantigen-specific TCRs and to gen-
erate TCR-engineered T cells (TCR-T cells) in a short time.

derived from either patients or healthy donors and char-
acterized several TCRs targeting neoantigens in HNSCC
and ovarian cancer.®”'® However, given the intense treat-
ment regimens and the severe myelosuppression that affect
many late-stage cancer patients,"' !> obtaining a sufficient
number of T cells and dendritic cells (DCs) to screen the
autologous repertoire for neoantigen-specific TCRs is often
problematic. Although HLA-matched healthy donors can be
an alternative to obtaining tumor-specific T cells from
patient material, there are limitations for patients having
rare MHC alleles.
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Instead of using blood samples from healthy donors or
advanced-stage cancer patients, tumor-infiltrating lympho-
cytes (TILs) could be another source of neoantigen-specific
T cells. Accumulated evidence has shown that tumor-specific
T cells are present in the tumor microenvironment.'*"'®* ACT
using TILs achieved complete and durable regression in a small
subset of melanoma patients whose tumors had a large number
of somatic mutations.'””*' However, clinical benefit by ACT
using TILs was very limited for other types of solid tumors,
which may correlate with the lower number of somatic muta-
tions, resulting in a lower number of neoantigen-specific T cells
in the TIL populations.”*”** In addition, only 27% of patients,
who expected to have the ACT, could finally receive the
treatment,”>*° mainly because both T cells in the tumor micro-
environment were exhausted and could not well proliferate to
obtain a sufficient number of TILs for ACT.?”"?° In contrast,
TCR T-cell therapy utilizes peripheral blood T cells, which
process explosive proliferative potentials and more resistance
to exhausting tumor microenvironment than TILs, represent-
ing another advantage over TIL therapy. Hence, the rapid
identification of functional TCR from TILs and their subse-
quent use to generate neoantigen-specific TCR-T cells could
overcome these problems.

In the present study, we established a new strategy by
using in vitro expanded TILs and HLA-matched allogeneic
CI1R cells as APCs to screen for neoantigen-specific TCRs.
HLA-matched allogeneic CIR cells derived from the B cells
could efficiently present the antigen for the recognization of
T cells and were widely used to be the substitute of the
autologous DCs to evaluate the function of the
T cells.*'****" The use of minigene-encoded neoantigen
libraries for APC loading allowed to quickly narrow the
number of neoantigen targets. The function of neoantigen-
specific TCRs was tested in vitro and their ability to regress
tumors was shown in mice bearing human tumors expres-
sing the targeted mutation. The established strategy could
be a primary option for patients from which isolation of
PBMC material is not possible in sufficient quantity.
Combined with our strategy to screen for neoantigen-
specific TCRs in the pool of patient PBMCs, ACT using
TCR-T cells can be tailored for each patient based on the
availability of PBMCs or TILs.

Materials and methods
Patients

Eight patients with HNSCC who were treated at the University
of Chicago Medical Center were enrolled in this study after
obtaining written informed consent as we described
previously.”” The clinicopathological features of these patients
are summarized in SupplementaryTable 1. Fresh tumors from
these patients (B1-B8) were collected from November 2016 to
April 2017. Blood samples or normal adjacent tissue (pathol-
ogy reviewed, e.g. uninvolved lymph nodes, muscle, etc.) were
collected as normal controls. The study protocol was approved
by the Institutional Review Board of the University of Chicago
(approval number 8980, 13-0797, and 13-0526) and con-
ducted in compliance with the declaration of Helsinki.

Whole-exome sequencing and transcriptome analysis

The DNA/RNA extraction and Whole-exome sequencing and
transcriptome analysis were performed as described
previously.”” Briefly, genomic DNAs and total RNAs of the
tumor and adjacent normal tissue were extracted using the
AllPrep DNA/RNA mini kit (Qiagen, Catalog number
80207). Genomic DNAs of peripheral blood were extracted
using QIAamp DNA Blood Midi Kit (Qiagen, Catalog number
51183).

Whole-exome libraries were built up as previously described®
and sequenced by 100-bp paired-end reads on HiSeq2500
Sequencer (Illumina, San Diego, CA, USA). Somatic variants
(single nucleotide variations (SNVs) and indels) were called
using the following parameters, (i) base quality > 15, (ii) sequence
depth > 10, (iii) variant depth > 4, (iv) variant frequency in tumor
210%, (v) variant frequency in normal < 2%, and (vi) Fisher
P-value < 0.05.** SNVs and indels were annotated based on
RefGene using ANNOVAR.” Transcriptome analysis was per-
formed with TruSeq RNA Library Prep Kit v2 (Illumina, Catalog
number 15026495) on HiSeq2500 Sequencer (Illumina, San
Diego, CA, USA) according to the manufacturer’s instruction.

Identification of potential neoantigens

HLA class I genotypes of these patients were determined by the
OptiType algorithm®® using whole-exome data of normal sam-
ples. The binding affinities of all possible 8- to 11-mer peptides
harboring each amino acid substitution to HLA class
I molecules was examined using NetMHC v4.0 software®” >’
and the peptides of which predicted binding affinity to HLA-A
lower than 500 nM were filtered out. Besides, non-
synonymously mutant peptides with a defined level of gene
expressions (at least 10 reads among ~20,000,000 sequence
reads according to the transcriptome data) in tumor cells
were chosen. The neoantigen candidate peptides were synthe-
sized by Innopep Inc. (San Diego, CA, USA).

Cell line

HLA-homozygous immortalized cell line C1R A02:01 was cre-
ated based on human B-cell lymphoblastoid cell line CIR*
(originally lacking HLA-A and HLA-B) and was kindly pro-
vided by OncoTherapy Science, Inc (Kawasaki, Japan). C1R
A02:01 cells were maintained in RPMI-1640 medium
(Hyclone) supplied with 10% fetal bovine serum (Gibco) and
1% penicillin/streptomycin (Hyclone). The expression of HLA-
A02:01 was routinely examined with an HLA-A02 specific
antibody (MBL International) by FACS.

Minigene construction

Tandem minigenes were constructed for each non-
synonymous variant identified and consisted of the mutant
amino acid flanked by 12 amino acids of the wild-type protein
sequence. Eighteen or twenty minigenes were strung together
and separated by proteasomal cleavage site AAY and linked to
the GFP reporter gene by a 2A self-cleaving peptide at the
C-terminus, which allows monitoring transfection efficiency.
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Table 1. List of peptides expressed by minigenes.

mutated Peptide Wild-type peptide
Amino acid tumor_var mutation HLA
Minigene gene substitution Sequence Affinity to HLA-A (IC50 nM) Sequence Affinity to HLA-A (IC50 nM) (RNA) ratio Alleles
B2-1 AASDH S589F FLNSGGDFL 21 FLNSGGDSL 48 4 27% A¥*02: 01
ABCA2 S715F MVIFWVYSV 3 MVISWVYSV 3 16 24% A*02: 01
ACOT8 M252L FLVSLDHSM 25 FMVSLDHSM 19 27 25% A¥*02: 01
ACP2 F393L LLLIVLLLTV 23 FLLIVLLLTV 10 49 26% A*02: 01
ADCY9 S938F YVFLCPDSSV 39 YVSLCPDSSV 182 7 19% A¥*02: 01
AKR1C3 P119S YLIHSSMSL 4 YLIHSPMSL 6 23 13% A*02: 01
AKT2 S34F FLLKSDGFFI 9 FLLKSDGSFI 28 46 10% A*02: 01
ALKBH1 P354S VLATDQNFSL 42 VLATDQNFPL 25 12 18% A*02: 01
ALMS1 R4120W WIYEQLPEV 4 RIYEQLPEV 5 6 15% A*02: 01
ARID1B S2118 F FMALLSNLA 42 SMALLSNLA 341 34 26% A*02: 01
ATG2B E1609K FLMKIQLSKV 6 FLMEIQLSKV 4 7 12% A*02: 01
ATP6VOA2 R755K KLWALSLAHA 30 RLWALSLAHA 47 22 20% A*02: 01
ATXN10 L159F FLITDFFL 8 FLITDLFL 25 54 15% A¥*02: 01
BCAR1 R255Q ALAQLQQGV 47 ALARLQQGV 74 119 28% A*02: 01
C11lorf74  P63S SISSCIPFV 5 SIPSCIPFV 8 16 30% A*02: 01
CDCA2 P815L KLMESSSVV 5 KPMESSSVV 7200 6 20% A*02: 01
CEPT1 Q199R FMFYCAHWRT 13 FMFYCAHWQT 13 13 15% A*02: 01
CHMP2B  E132K VLDEIGIKI 47 VLDEIGIEI 17 35 17% A*02: 01
B2-2 CHST2 P150L GMAGVAAPL 21 GMAGVAAPP 10959 29 32% A¥*02: 01
CLmP S2F FLLLLLLLY 9 SLLLLLLLY 30 1 30% A*02: 01
COL12A1  T1055R YQIGWDRFCV 16 YQIGWDTFCV 6 17 21% A¥*02: 01
COPZ1 G97R ALLENMERL 21 ALLENMEGL 15 102 14% A*02: 01
CRYBG3 A2862T SLADTRTTSV 28 SLADTRATSV 49 1 27% A*02: 01
CTNS P73S TILELSDEV 24 TILELPDEV 36 2 25% A*02: 01
CYP2R1 E212K KLFSENVEL 8 ELFSENVEL 277 7 23% A*02: 01
DLST P25S SLGRRSLPGV 49 PLGRRSLPGV 4021 71 28% A*02: 01
DNPH1 E159K ALLDRYFKA 10 ALLDRYFEA 5 39 20% A*02: 01
DOHH E208K ALFRHKVGYV 38 ALFRHEVGYV 22 26 33% A*02: 01
DPY19L3  V424| FILSITVIV 7 FVLSITVIV 10 7 1% A¥*02: 01
DSP S2077F SLQDAVFQGV 18 SLQDAVSQGV 37 1349 14% A*02: 01
ECE1 R524Q MQFFNFSWRV 15 MRFFNFSWRV 960 39 15% A*02: 01
EPB41L1  P115L FAFTVKFYL 26 FAFTVKFYP 8426 21 16% A*02: 01
FAM171B  P645S VMTSFSSEL 28 VMTPFSSEL 33 1 23% A*02: 01
FANCG P243L GLCPRLVLV 48 GLCPRPVLV 119 4 34% A*02: 01
FARS2 S368L VINDILFWL 12 VINDISFWL 19 61 16% A¥*02: 01
FAT1 P2085L LLYYAVVKV 13 LPYYAVVKV 11303 52 12% A*02: 01
FURIN M434l GLLDAGAIV 21 GLLDAGAMV 13 85 19% A*02: 01
B2-3 FZD6 S238F IIYYFVCYSI 28 IYYSVCYSI 47 9 12% A*02: 01
GAK R578K ILVKAVVMTPV 24 ILVRAVVMTPV 33 10 35% A*02: 01
HSPH1 S393F FVTDAVPFPI 19 SVTDAVPFPI 140 123 20% A*02: 01
KLF4 P195L SLSGGFVAEL 31 SPSGGFVAEL 16501 97 20% A¥*02: 01
LTN1 K1279N FLNYCSSPL 6 FLKYCSSPL 35 14 18% A*02: 01
MAP4K1 S108F FLSELQISYV 4 SLSELQISYV 8 2 18% A¥*02: 01
MED13 P1679L FLEMVQTLPL 29 FLEMVQTLPP 4077 23 23% A¥02: 01
MED14 P1344L VQFCLTIPL 19 VQFCLTIPP 7241 25 39% A*02: 01
MFSD10  P199L LLLEMAPWFA 6 LPLEMAPWFA 5755 85 21% A*02: 01
MLXIP P270L LLLDTDMLM 34 PLLDTDMLM 3213 5 19% A*02: 01
MRGBP 1111N VLPEENIQEV 44 VLPEEIIQEV 24 72 18% A*02: 01
MTOR P896S ALDSYKHKV 28 ALDPYKHKV 33 4 18% A¥*02: 01
MYCBP2  S4018F YCFELLFMV 8 YCFELLSMV 34 24 13% A*02: 01
MYCBPAP  E606K VLQKLLMGV 20 VLQELLMGV 8 1 15% A*02: 01
MYO1B M14l SLLDNIIGV 3 SLLDNMIGV 3 66 22% A*02: 01
NCOA6 P657S LMSQGQMMV 27 LMPQGQMMV 43 2 21% A*02: 01
NRBP2 F365L SLMELDKFL 13 SFMELDKFL 6739 35 15% A*02: 01
NUMB P40L FLVKYLGHV 10 FPVKYLGHV 6584 15 15% A*02: 01
NVL S19F HMNSSLLFL 28 HMNSSLLSL 57 8 27% A*02: 01
B8-1 AMPD2 E494K KLHLFLEHV 39 ELHLFLEHV 1271 5 25% A¥*02: 01
ATN1 P356S TLAPSSHSL 36 TLAPSPHSL 50 16 33% A*02: 01
BEND3 P583L LLVHLFLEL 28 LLVHLFPEL 1 2 16% A*02: 01
BRPF1 F292Y ILYCDMCNL 21 ILFCDMCNL 16 8 22% A*02: 01
C140rf93  L303F FVLSKLVHNV 27 LVLSKLVHNV 137 8 28% A*02: 01
C170rf58  P8L TLDGFFFRV 4 TPDGFFFRV 8749 13 21% A*02: 01
CAD $1928Y SLVGQHILYV 14 SLVGQHILSV 28 9 19% A*02: 01
CCDC28A  P19S SLGAWRLYLL 23 PLGAWRLYLL 1285 4 48% A*02: 01
CDK5R1 S96F FTFAQPPPA 33 STFAQPPPA 551 19 17% A¥*02: 01
CHST15 F468C YLLDWLSVC 29 YLLDWLSVF 23 9 37% A*02: 01
DALRD3 P427S GLYSTFPPV 3 GLYPTFPPV 3 17 24% A*02: 01
DDX19B  S129F LLFSATFEDFV 42 SVWKFAQKV 130 19 18% A*02: 01
ELMSANT  S625F FIAPPVYFNI 32 FIAPPVYSNI 178 46 31% A¥*02: 01
ESRP2 P655L ALASALTSV 9 ALASAPTSV 22 36 14% A*02: 01
FADS2 S429F ALLDIIRFL 8 ALLDIIRSL 13 1 18% A*02: 01
FKBP15 H413Y SLYPAHPAL 20 SLHPAHPAL 107 16 20% A*02: 01

(Continued)
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Table 1. (Continued).

mutated Peptide

Wild-type peptide

Amino acid tumor_var mutation HLA
Minigene gene substitution Sequence Affinity to HLA-A (IC50 nM) Sequence Affinity to HLA-A (IC50 nM) (RNA) ratio Alleles
FLII A42V YLPEELVAL 7 YLPEELAAL 8 83 36% A*02: 01
FMO4 G519R YLKAWRAPV 24 YLKAWGAPV 12 4 33% A*02: 01
IQGAP3 P560S GLDDVSLSV 6 GLDDVSLPV 4 10 23% A*02: 01
ITGB1 S277F FTDAGFHFA 39 STDAGFHFA 726 260 18% A¥*02: 01
B8-2 RAPGEF2  S806L LMFAIISGL 9 SMFAIISGL 10 3 25% A*02: 01
RBBP5 1313F IIASFSSGV 37 FPSPILKV 11180 15 17% A*02: 01
SEC23IP P436L ILDGEMPQV 9 IPDGEMPQV 13477 19 22% A*02: 01
SLC25A30 P274S GSWNIIFFV 20 GPWNIIFFV 344 1 16% A¥*02: 01
SMTN R665W KLIWAALREL 41 KLIRAALREL 143 23 21% A*02: 01
SNX19 L387F IMFMTPGSFL 51 IMLMTPGSFL 71 19 29% A*02: 01
STRN3 P406S ALAFHSVEPV 19 ALAFHPVEPV 23 20 20% A*02: 01
TBL2 R162C WLANGDTLCV 31 WLANGDTLRV 33 16 19% A¥*02: 01
TMCO1 165V FADTLLIVFV 48 TLLIVFISV 24 151 20% A*02: 01
TMEM125 V126l VLLSGLVLLI 24 VLLSGLVLLV 10 1 14% A*02: 01
TRAPPC9  E639K SLPAKSGLYPV 44 SLPAESGLYPV 41 3 30% A¥02: 01
TRIAP1 P58 L ILIEGLEFM 1 IPIEGLEFM 11912 18 13% A¥*02: 01
TRRAP S702 F RLPEMGFNV 16 RLPEMGSNV 161 1 28% A*02: 01
UBE3C P991 L HLVIKVFWRV 44 PVIKVFWRV 1236 20 1% A*02: 01
URGCP P310L GLVEISWFFL 20 GLVEISWFFP 1333 1 14% A¥02: 01
USP15 P800S KLDLWSLPSV 5 KLDLWSLPPV 4 24 14% A¥*02: 01
WSB2 S194L VLLGHLQWV 5 VLSGHLQWV 10 20 35% A*02: 01
ZNF33A S288F FTLSKPHGV 16 STLSKPHGV 183 5 1% A*02: 01
B8-3 KIAA1429 D1358E FLAEHEYGL 3 FLAEHDYGL 3 16 25% A*02: 01
KIAA1958  P400S KLNKFSVFNI 37 KLNKFPVFNI 39 1 21% A¥*02: 01
KIF23 S334F ITISQLFLV 1 ITISQLSLV 106 32 27% A*02: 01
LIG3 G76R YLVFLPRLHV 35 YLVFLPGLHV 29 1 15% A*02: 01
LNPEP S349F VQDEFFESV 21 VQDEFSESV 31 5 20% A¥02: 01
LPHN3 H1049Y KMFHYTAIL 8 KMFHHTAIL 12 1 27% A¥02: 01
MAPK13 G137V YLVYQMLKV 9 YLVYQMLKG 5484 50 28% A*02: 01
MROH7 S214F SLDLDFNPLL 48 SLDLDSNPLL 81 1 23% A*02: 01
MTHFD1L V418l VLIAGITPT 31 VLVAGITPT 139 31 67% A*02: 01
MYADM S68F FMFTWCFCF 15 SMFTWCFCF 135 22 15% A¥*02: 01
NID1 G495E GIIEWMFAV 3 GIIGWMFAV 4 17 37% A*02: 01
NLRP1 P614L ILQEHLIPL 5 ILQEHPIPL 9 3 10% A*02: 01
NPHP4 P159L RLYHGTLRAL 49 RLYHGTPRAL 101 5 18% A*02: 01
NUP214 P1463S SLPTSFPTL 41 PLPTSFPTL 4229 53 24% A¥*02: 01
PADIN S118F YLTGVDIFL 8 YLTGVDISL 1 1 16% A*02: 01
PAQR7 S119F YLFFSALAHL 8 YLSFSALAHL 15 15 17% A*02: 01
PKP2 F491 L TLTENIIPL 25 TLTENIIIPF 1221 5 33% A*02: 01
PLEKHG4  S635F ALPQAFPTV 19 ALPQASPTV 29 2 25% A¥*02: 01
PTK7 D463N MLISENSRFEV 31 MLISEDSRFEV 44 103 29% A*02: 01

These minigene constructs were codon-optimized and cloned
into a pMS-T vector (GeneArt, Thermo Fisher).

Preparation of peptide-MHC I-tetramer complex

The APC conjugated peptide-specific tetramer was generated
with QuickSwitch™ Quant Tetramer Kit (MBL International,
Catalog number TB-7300-K2) according to the manufacturer’s
instruction. Briefly, 50 uL of the Tetramer at 50 pg/mL was
mixed with 1 pL of 10 mM peptide solution and 1 pL of the
proprietary Peptide Exchange Factor and incubated for 4 hours
at room temperature in dark. The exchanging efficiency was
evaluated by FACS as described in the manual and qualified
peptide-MHC I-tetramers were stored at 4°C until use.

Isolation and expansion of TILs

TILs isolation and culture were performed following
a modified traditional TILs culture protocol as described in

our previous paper.’> Briefly, fresh tumors were chopped into
small chunks less than 1 x 1 mm, then digested with collage-
nase mixture in 37°C shaking incubator for 1-4 hours until the
single-cell suspension was obtained. The cells were cultured
with 1000 IU/mL IL-2 (R&D Systems, Catalog number 202-IL
-050) in a RetroNectin-coated flask (Takara Bio, Catalog num-
ber T100A) for 2 weeks. CD8" subgroups of expanded TILs
were isolated with Dynabeads CD8 positive isolation kit
(Thermo Fisher Scientific, Catalog numbers 11333D).

Induction of neoantigen-specific cytotoxic
T lymphocytes (CTLs) with expanded TILs and APC cells
pulsed with in vitro transcribed RNA or peptides

Induction of neoantigen-specific T cells was performed by the
protocol we previously developed '°. CMV pp65 antigen pep-
tide (restricted to HLA-A02:01) was used as a positive control.
C1R A02:01 cells were used as APC cells in replacement of
autologous DCs. mRNA of neoantigens were transduced into



CIR A02:01 cells by electroporation. Briefly, messenger RNA
coding tandem neoantigen minigene was produced by in vitro
transcription (IVT) using mMACHINE T7 kit (Ambion,
AMI1344) and Poly(A) Tailing Kit (Ambion, AMI1350) as
instructed by the manufacturer. Later, RNA was introduced
into C1R A02:01 cells via electroporation. C1R A02:01 cells
were resuspended in Opti-MEM (Life Technologies) at 8 x 10°
cells/ml. 10 pg of IVT RNA was aliquoted into the bottom of an
electroporation cuvette with a 4-mm gap, and 250 ul of C1R
A02:01 cells were added. C1R A02:01 cells were electroporated
at 350 V and 250pF for one pulse with Gene Pulser Xcell
electroporation system (Bio-Rad). Cells were gently resus-
pended into the medium and transferred to the cell incubator.
Transfection efficiency was routinely assessed with GFP
expression by FACS 16-hour post-transfection. Transfected
C1R A02:01 cells were used as APC and co-cultured with
TILs for CTL induction. On the first day of CTLs induction,
2 x 10° pulsed or non-pulsed APC cells were co-cultured with
5x 10° T cells. On the tenth day after co-culture, neoantigen-
specific T cells were stained with peptide-HLA tetramers for
respective neoantigen peptides and analyzed by flow cytome-
try. CD8"/Tetramer™ T cells were sorted out and used for the
following TCR sequencing analysis.

TCR sequencing analysis of sorted neoantigen-specific
T cells

The libraries for TCR sequencing were prepared by following
the protocol as previously described.*®*"** Briefly, total RNAs
of sorted CD8"/Tetramer™ T cells were extracted by PicoPure
RNA Isolation kit (Life Technologies, Catalog number
KIT0204). The quality of RNA was evaluated with
TapeStation 2200 (Agilent Technologies). 5’ rapid amplifica-
tion of cDNA end adapter was added during the cDNA synth-
esis using SMART cDNA library construction kit (Clontech
Laboratories, Inc., Japan). TCRA and TCRB sequences were
amplified using a forward primer for the SMART adapter and
a reverse primer specific to the TCR constant region. Then
Ilumina sequence adapter with barcode sequences was added
using the Nextera XT Index kit (Illumina, Catalog numbers
FC-131-2001, FC-131-2002, FC-131-2003). The final prepared
libraries were sequenced by 300-bp paired-end reads on the
Mlumina MiSeq platform using missed Reagent v3 600-cycles
kit (Illumina, Catalog number MS-102-3001). Sequencing data
analysis was performed using Tcrip as described previously.*'
Briefly, sequencing reads were mapped to the TCR reference
sequences obtained from IMGT/GENE-DB (http://www.imgt.
org) using Bowtie2 aligner (version 2.1.0), and after decom-
position of sequencing reads into V, (D) and J segments, CDR3
were searched.

Construction of TCR-engineered T cells

TCR sequences were codon-optimized and cloned into the
lentiviral vector pLVX (Clontech). Mouse TCR constant
regions were used in replacement of human TCR constant
regions to reduce endogenous TCR mismatch and improve
TCR surface expression.’ Lentiviruses were generated with
HEK293T cells, and PBMCs from healthy donors were
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transduced as described previously.** TCR-engineered T cells
were maintained in GT551-H3 medium (Takara) supplied with
5% human serum (GemCell), 1% penicillin/streptomycin
(Hyclone), and 400 IU/mL IL-2. The expression of TCR gene
was routinely examined with a mouse TCRp specific antibody
(BD Biosciences) by FACS.

Enzyme-linked immunospot (ELISPOT) and enzyme-linked
immunosorbent assay (ELISA) assay

IFNy secretion of TILs was measured by ELISPOT using
Human IFNy ELISpotPRO kit (MABTECH, Catalog number
3420-2APW-10) following the manufacturer’s instruction.
Briefly, 5 x 10* resting TILs were co-cultured with 2 x 10*
peptide-pulsed C1R A02:01 cells at 37°C for 20 hours in a 96-
well plate. Spots were captured and analyzed by an automated
ELISPOT reader, InmunoSPOT S4 (Cellular Technology Ltd,
Shaker Heights, OH), and analyzed with the ImmunoSpot
Professional ~Software package, Version 5.1 (Cellular
Technology Ltd).

The amount of secreted IFNy, IL-2, and TNFa in the super-
natant of T cells were quantified with ELISA set (BD
Biosciences, Catalog number 555142, 555190, 555212).
Briefly, 5 x 10* resting KIAA1429p3555 TCR-T cells were co-
cultured with 2 x 10* peptide-pulsed C1R A02:01 cells at 37°C
for 20 hours in a 96-well plate. The supernatant was collected,
and the concentration of each protein was measured according
to the manufacturer’s instruction.

Cytotoxic assay

CytoTox 96 Non-Radioactive Cytotoxicity Assay kit (Promega,
Catalog number G1780) was used to determine the cytotoxic
activities of T cells, following the manufacturer’s instruction.
Briefly, effector cells (TCR-engineered T cells) and target cells
(C1R A02:01 cells) were co-cultured at different ratios (2:1, 5:1,
10:1, and 20:1). After 4-hour incubation, the supernatant was
collected, and the amount of lactate dehydrogenase (LDH) was
measured according to the manufacturer’s instruction. The
maximum LDH release of target cells was measured by lysing
cells with 0.9% Triton X-100. The spontaneous LDH release of
effector and target cells was measured by separate incubation of
the respective population. The percentage of cytotoxic activity
was calculated according to the following formula: %
Cytotoxicity = [(Experimental — Effector Spontaneous -

Target  Spontaneous)/(Target  Maximum -  Target
Spontaneous)] x 100. Experiments were performed in
quadruplicate.

Generation of the neoantigen-expressing tumor cell lines

The minigenes containing the KIAA1429p;355; (sequence:
FLAEHEYGL) or MAGOHBG;74 (sequence: RYYVGHKAKEF)
mutation® were codon-optimized, synthesized and cloned into
a lentiviral vector pLVX-GFP which contains a GFP reporter
gene and a puromycin resistance gene. Lentiviral supernatants
were generated by using HEK293T cells, then, human tumor cell
line SW480 cells (HLA A*02:01, HLA A*24:02) was infected with
the lentivirus to generate the neoantigen-stably expressing cell
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lines (SW480- KIAA1429D1358E) SW480- MAGOHBG17A). Cells
were selected with 1 pg/mL puromycin for 3 days. Transfection
efficiency was routinely assessed with GFP expression by FACS.

Treatment of established tumors in NCG mouse model

The animal experiment proceeded under the approval of the
ethics committee of Shenzhen people’s hospital, China
(approval number LL-KY-2020033). NCG mice (NOD/
Shilt)Gpt-Prkdc®™2° 422 [12rg"™26“422/Gpt), which are created
by sequential CRISPR/Cas9 knockout of the Prkdc and Il2rg
loci in the NOD/Nju mouse and are lack of functional/mature
T, B, and NK cells, were used in this study. Five weeks-old
NCG mice (GemPharmatech Co., Ltd., China) were inoculated
subcutaneously with 2 x 10° SW480-KIAA1429p,355; tumor
cells or SW480-MAGOHBg,,4 tumor cells. Mice were ran-
domly divided into three groups, TCR-engineered T cells trea-
ted mice, control T cells treated mice, and tumor control group
(n =7 or n =5 for each group). Control T cells were derived
from the same donor’s PBMCs as TCR-T cells and were main-
tained under the same culture condition. T cells were cultured
in vitro for 14 days and then used for in vivo infusion. T cell
treatments were given on day 8 following tumor inoculation,
which consisted of an intravenous injection of 3 x 107 T cells
for one injection. Mice received an intraperitoneal injection of
adjuvant IL-2 (Kingsley Pharmaceutical Co., Ltd., China)
400,000 IU daily 6 times on day 0-2, day 8-10 after T cell
injection. Tumor size was determined by caliper measurement.

Statistical analysis

The student’s t-test was performed for the functional assays of
TCR-engineered T cells. Statistical analyses were done using
GraphPad Prism version 8.0 (GraphPad Software, La Jolla,
CA). P-value <0.05 was considered to be statistically
significant.

Results
Whole-exome sequencing and neoantigen prediction

We previously reported that whole-exome sequencing of geno-
mic DNA from freshly resected tumor tissues and correspond-
ing normal cells of 8 HNSCC patients identified a total of 7207
non-synonymous mutations (11-4290 non-synonymous
mutations and that three of the eight patients, B2, B5, and B8
showed extremely high tumor mutation burden).** In the pre-
sent study, we additionally analyzed the HLA A alleles of each
patient, as the information is summarized in Supplementary
Table 1.

Using WES and RNA transcriptome data, we predicted
neoantigens for these patients, as shown in Supplementary
Table 2. Considering the present availability of HLA tetramers,
we had chosen patients B2 and B8 who have an HLA A02:01
allele for further analysis. We predicted 251 and 273 neoanti-
gen candidates for HLA A02:01 in the patient B2 and BS,
respectively (binding affinity less than 500 nM), or 125 and
75 neoantigens when the binding affinity was less than 50 nM.
To screen the neoantigen-specific TCRs, we designed 6

minigenes, each of which is designed to express 18 to 20
neoantigen peptides, for patient B2 and B8, respectively (3
minigenes for each patient), as shown in Table 1.

After in vitro transcription, mRNAs of corresponding mini-
genes were generated and used to pulse the antigen-presenting
CIR A02:01 cells by electroporation. The transfection efficiency
was calculated as between 50% and 90%, as shown in
Supplementary Figure 1. Then, pulsed CIR A02:01 cells were co-
cultured with the expanded CD8" T cells isolated from the
expanded TILs of patient B2 and B8, and the IFNy secretion of
CD8" T cells was measured by ELISPOT analysis. We found that
most of the minigenes could activate T cells to some extent.
Among them, the B8-3 minigene showed stronger stimulation as
shown in Figure 1. Based on the expression levels of the mutated
peptides, we finally chose 10 peptides from the B8-3 minigene
and synthesized each of them, which are summarized in Table 2.

Isolation of neoantigen-specific T cells from TILs and TCR
sequencing of sorted neoantigen-reactive T cells

Ten peptides with higher RNA expression levels (TOP10 of
tumor_var (RNA), shown in Table 2) were further tested for
CTL induction. After 11 days of co-culturing TILs with CIR
A02:01 cells pulsed or not pulsed with each of these 10 mutated
peptides, neoantigen-reactive CD8" T cells were sorted with each
of respective peptide-HLA-tetramer complexes by flow cytome-
try. CD8"/tetramer™ T cells for two neoantigens, KIAA1429p, 3555
and MAPK13¢,;37v were recognized by this method: the propor-
tions of positive cells for KIAA1429p355g and MAPKI13g;3,v
were 0.14% (412 cells) and 0.014% (112 cells), respectively
(Figure 2).

Subsequently, we performed TCRA and TCRB sequencing
of sorted CD8/tetramer™ T cells for KIAA1429p,355¢ and
MAPKI13G,37v using a method reported previously.45 The
data are shown in Figure 2. A set of single dominant TCRA
(79.4%) and TCRB (96.1%) sequences were detected for
KIAA1429p;358e- On the other hand, multiple TCRA and
TCRB clonotypes were observed for MAPK13g;3,v. The
detailed information about TCRA/B and CDR3 sequences
were provided in Supplementary Table 3 and 4. Besides, the
dominant TCRA and TCRB sequences for KIAA1429p355
were also found in both expanded TILs and original primary
tumors (data not shown), while none of TCRA or TCRB clones
for MAPK135,57v were found in either expanded TILs or the
original tumor microenvironment of patient B8.

KIAA1429p,35g:-TCR-engineered T cells recognized the
KIAA1429p,35g¢ peptide

Using the dominant TCRA/TCRB pair sequences for the
KIAA1429p,355¢ mutant peptide, we generated the
KIAA1429p;3585-TCR-engineered T cells. We constructed
the vector designed to express TCRA/TCRB including
mouse TCR constant regions and introduced it into
PBMC isolated from a human healthy donor (since endo-
genous human TCRs are expressed in T cells, the replace-
ment of human constant regions with mouse constant
regions makes the efficiency to produce a pair of intro-
duced TCRA and TCRB to be high). FACS analysis with
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Figure 1. ELISPOT assay showed the IFNy secretion of expanded TILs induced by CIR A02:01 cells loaded with in vitro transcribed RNA. TILs derived from patient
B2 or B8 were co-cultured with neoantigens-pulsed CIR A02:01 for ten days, and IFNy secretions of which were detected by ELISPOT. Non-pulsed (NP) control result of B8
was shown as A1-A3; the result of minigene B8-1 pulsed C1R A02:01 cells as A4-A6; B8-2 as B1-B3; B8-3 as B4-B6; B2-1 as C1-C3; B2-2 as C4-C6; non-pulsed of B2 as D1-
D3; B2-3 as D4-D6; positive controls of B8 and B2, which were treated with PMA and lonomycin, were presented as F1-F3 and F4-F6, respectively. Experiments were

conducted in triplicate. TNTC represents too numerous to count.

Table 2. List of peptides checked for CTL induction.

mutated Peptide

Wild-type peptide

Amino acid tumor_var mutation HLA
Minigene gene substitution Sequence Affinity to HLA-A (IC50 nM) Sequence Affinity to HLA-A (IC50 nM) (RNA) ratio Alleles
B8-3 PTK7 D463N MLISENSRFEV 31 MLISEDSRFEV 44 103 29% A*02: 01
NUP214  P1463S SLPTSFPTL 11 PLPTSFPTL 4229 53 24% A*02: 01
MAPK13 G137V YLVYQMLKV 9 YLVYQMLKG 5484 50 28% A*02: 01
KIF23 S334 F ITISQLFLV 11 ITISQLSLV 106 32 27% A*02: 01
MTHFD1L V418l VLIAGITPT 31 VLVAGITPT 139 31 67% A*02: 01
MYADM  S68F FMFTWCFCF 15 SMFTWCFCF 135 22 15% A*02: 01
NID1 G495E GIIEWMFAV 3 GIIGWMFAV 4 17 37% A*02: 01
KIAA1429 D1358E FLAEHEYGL 3 FLAEHDYGL 3 16 25% A*02: 01
PAQR7 S119°F YLFFSALAHL 8 YLSFSALAHL 15 15 17% A*02: 01
LIG3 G76R YLVFLPRLHV 35 YLVFLPGLHV 29 1 15% A*02: 01

mouse TCRB antibody showed that the proportion of CD8"
T cells expressing neoantigen-specific engineered TCR was
37.8%, as shown in Figure 3a. The peptide-tetramer stain-
ing assay showed that exogenous-TCR expressing cells
recognized the mutated KIAA1429p,355; peptide but not
the wild-type KIAA1429 peptide (Figure 3b).

We then performed functional analysis of the TCR-
engineered T cells using T cells co-cultured with C1R A02:01
cells as APCs. IFNy ELISPOT assay showed mutated peptide-
specific  and  peptide-dose-dependent  activities  of
KIAA1429p,3535-TCR-engineered T cells when they were co-
cultured with mutated peptide-pulsed C1R A02:01 cells, while
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Figure 2. Induction of neoantigen-specific CTLs and identification of TCRA and TCRB sequences of sorted CD8*/tetramer™ T cells. (a) Peptide-HLA Tetramer
assay for TILs co-cultured with C1R A02:01 pulsed with or without KIAA1429p,3sge peptide (left); the pie-chart showed the frequencies of TCRA, TCRB and CDR3
sequences of sorted CD8"/tetramer™ T cells (right). Antigen peptide of CMV pp65 for HLA-A02:01 was used as a positive control. (b) Peptide-HLA Tetramer assay for TILs

co-cultured with C1R A02:01 pulsed with or without MAPK13,37y peptide (left);

the pie-chart showed the frequencies of TCRA, TCRB and CDR3 sequences of sorted

CD8*/tetramer™ T cells (right). Antigen peptide of CMV pp65 for HLA-A02:01 was used as a positive control.

no IFNy secretion was observed in C1R A02:01 cells loaded
with the corresponding wild-type peptide (Figure 4a).

The levels of several cytokines (IFNy, TNFa, and IL-2) were
also quantified with an ELISA assay and were comparable with
the IFNy ELISPOT results (Figure 4b-d). In consist with cyto-
kine secretion, CD137 upregulation was observed in
KIAA1429p;355-TCR-engineered T cells upon the co-culture
with CIR A02:01 cells pulsed with the mutated peptide
(Figure 4e). To further validate whether these TCR-
engineered T cells have cytotoxic activities, a cell-mediated
cytotoxic assay was performed and the lactate dehydrogenase,
which would be released from damaged target cells, was mea-
sured. The data showed that significant cytotoxic activities
were detected on KIAA1429p,3555-TCR-engineered T cells
against mutant-peptide-pulsed C1R A02:01 cells in the effec-
tor/target cell ratio-dependent manner (Figure 4f). Modest

cytotoxicity against wildtype-peptide-loaded C1R A02:01 cells
was detected when the effector/target cell ratios were very
high (20:1).

Both TCRs screened from patient’s PBMCs and TILs could
effectively recognize the corresponding mutated peptides
and caused regression of tumors in murine models

To examine the in vivo activity of neoantigen specific-TCR
obtained by different approaches, NCG mice, in which
human tumors carrying either KIAA1429p355¢ oOF
MAGOHBg,;4 mutation were subcutaneously established,
were treated with respective TCR-engineered T cells (TCR-T
group, n = 7, and n = 5, respectively) or cytokine-induced
nonspecific T cells (control T cell group, n = 7, and n = 5), or
were remained to be untreated (untreated group, n = 7, and
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Figure 3. Construction of KIAA1429;,355:- TCR-engineered T cells. (a) The proportion of T cells expressing KIAA1429p,35¢¢ specific TCR were stained with human
CD8 antibody and an antibody against the mouse constant region of TCRp. (b) KIAA1429p,35¢:- TCR-engineered T cells were stained with an HLA-Tetramer loaded with

the corresponding wild-type or mutated peptide.
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Figure 4. Functional analysis of KIAA1429p,355e- TCR-engineered T cells. (a)
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IFNy ELISPOT assay of KIAA1429p,35ge- TCR-engineered T cells stimulated by C1R

A02:01 cells pulsed with different concentrations of mutated or wild-type peptide. (b) IFNy ELISA assay of KIAA1429p,35ge- TCR-engineered T cells stimulated by C1R
A02:01 cells loaded with different concentrations of the mutated or wild-type peptide. (c) IL-2 ELISA assay of KIAA1429p35ge- TCR-engineered T cells stimulated by C1R
A02:01 cells loaded with different concentrations of the mutated or wild-type peptide. (d) TNF-a ELISA assay of KIAA1429p35¢¢- TCR-engineered T cells stimulated by
C1R A02:01 cells loaded with different concentrations of the mutated or wild-type peptide. (e) CD137 staining of KIAA1429p355- TCR-engineered T cells stimulated by
C1R A02:01 cells loaded with different concentrations of the mutated or wild-type peptide. (f) Cytotoxic activity of KIAA1429p,355:- TCR-engineered T cells under
different effector cell/target cell ratios. Four different ratios (2:1, 5:1, 10:1 and 20:1) were examined. The asterisks indicate the statistically significant difference (p < .05)

between two groups.

n = 5) as the control groups. The treatment schedule is shown
in Figure 5a. The KIAA1429p3sgp carrying minigene-GFP-
puromycin resistance gene or MAGOHBg,;7, carrying mini-
gene-GFP-puromycin resistance gene was transduced into
human SW480 cells by lentivirus (transduction efficiencies
were 95.8% and 98.1% after puromycin selection, as shown in
Supplementary Figure 2a and 2b respectively). After the pur-
omycin selection, the percentage of GFP-positive SW480 cells
reached almost 100% and were used to form tumors in NCG
mice.

The same dose of MAGOHBG;74-TCR-engineered T cells
or KIAA1429p,3555-TCR-engineered T cells (3 x 107 T cells per
mouse) was administered intravenously once on day 8 after the
tumor-cell inoculation to treat tumors in mouse models. At the
beginning of the MAGOHBg;;5-TCR-engineered T cells

treatment, the tumor sizes among the three groups were similar
(22.96 + 4.40 mm” for the TCR-T group, 23.60 + 4.23 mm? for
the control T cell group, and 25.70 + 6.03 mm® for the
untreated group). Administration of MAGOHBg;;4-TCR-
engineered T cells significantly regressed tumor growth after
3 days of the treatment and kept tumors progression-free
including a tumor in one mouse which showed complete
eradication at day 8. Tumors in the remaining four mice also
showed significant regression. On the other hand, no regres-
sion was observed in the control T cell group or the untreated
group. The dissection of tumor tissues confirmed the signifi-
cant differences in the tumor size among the three groups
(Figure 5b-d). Furthermore, we checked the number of exo-
genous T cells in peripheral blood of mice by FACS, and found
an increase in the number of MAGOHBg;74-TCR-engineered
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Figure 5. Evaluation of the in vivo activities of MAGOHBg,74- TCR-engineered T cells and KIAA1429p,355e- TCR-engineered T cells. (a) NCG mice were burdened
with subcutaneous tumors carrying MAGOHBG;,4 mutation or KIAA1429p,355¢ mutation for eight days, and treated with intravenous injections of corresponding TCR-
engineered T cells, respectively. 400,000 IU systemic IL-2 was given daily by intraperitoneal injection for 3 days. For mice treated with MAGOHBG;7- TCR-engineered
T cells: (b) tumor sizes, () tumor area of tumor growth over time, (d) tumor weights and (e) proportions of human CD3* T cell in the peripheral blood at the end of this
experiment were recorded. For mice treated with KIAA1429p,3sge- TCR-engineered T cells: (f) tumor sizes, (g) tumor area of tumor growth over time, (h) tumor weights
and (i) proportions of human CD3™ T cell in the peripheral blood at the end of this experiment were recorded.

T cells compared to those in the control T cell group, indicating
proliferation of MAGOHBG;7,-TCR-engineered T cells possi-
bly after the exposure to neoantigens (Figure 5e).

An intravenous injection of KIAA1429p;3555-TCR-
engineered T cells or nonspecific cytokine-induced T cells
was also administered on day 8 after the tumor-cell inocula-
tion. At the starting point of the KIAA1429p;355:-TCR-
engineered T cells treatment, there were no significant differ-
ences in the tumor sizes among the three groups
(18.19 + 13.74 mm” for the TCR-T group, 17.36 + 13.31 mm”
for the control T cell group, and 17.49 + 12.66 mm? for the
untreated group). Administration of KIAA1429p;355:-TCR-
engineered T cells showed significant inhibition on the tumor
growth after 3 days of the treatment and kept tumors progres-
sion-free, while the control T cell-treated group and the
untreated group showed rapid tumor progression. The dissec-
tion of tumor tissues confirmed the significant differences in
the tumor size among the three groups (Figure 5f-h).
Furthermore, we investigated the number of exogenous
T cells in peripheral blood of mice by FACS and found an
increased number of KIAA1429p355:-TCR-engineered T cells
in comparison with the control T cells, indicating proliferation
of KIAA1429p;3585- TCR-engineered T cells after the exposure
to neoantigens (Figure 5i). These results revealed that both
MAGOHBg;74-TCR-engineered T cells and KIAA1429p35g5-
TCR-engineered T cells mediated anti-tumor activity against
neoantigen-expressing tumors.

Discussion

HNSCC, which is classified as a highly immunosuppressive
cancer type, shows a low level of lymphocyte infiltration
(including neoantigen-specific T cells),*™** suggesting

HNSCC patients are unlikely to have sufficient numbers of
tumor-reacting TILs for adoptive cell transfer. Hence, the ex
vivo generation of TCR-engineered T cells targeting tumor-
specific neoantigens would be one of the promising options to
overcome the immunosuppressive status in the tumor
microenvironment.

To facilitate the screen of tumor-reactive TCRs, previous
studies have raised an ingenious TCR screening technique by
using neoantigen peptide immunized HLA-A02:01/11:01
transgenic mice, and several TCRs targeting prevalent neoanti-
gens KRASG12v/G12Ds P53264-272’50 CEAgo1-699" and MAGE-
A3°* were successfully found by this method. However, these
studies depended on human HLA transgenic mice-based pro-
tocol, and identified TCRs were of murine species, which might
be an obstacle for the clinical translation of their techniques. In
contrast, the technique raised by our group, consisting of 7
steps: (1) whole-exome sequencing, (2) prediction of neoanti-
gen epitopes based on HLA alleles, (3) isolation of neoantigen-
specific T cells, (4) identification of neoantigen-specific TCR
sequences, (5) production of viral vectors for the transfer of
neoantigen-specific TCR genes, (6) transfection of T cells with
neoantigen-specific TCRs, (7) functional evaluation of TCR-T
cells,”'” can be conducted within to 2-3 months from cancer
tissues to TCR-engineered T cells prepared. This means there is
a possibility that even advanced-stage cancer patients have an
opportunity to receive TCR-T cell therapy. However, since our
previous protocols were performed by the use of PBMCs of
patients or healthy donors, there are some limitations when
patients have rare MHC alleles or have a severe myelosuppres-
sive condition.

Our group previously compared the TCR repertoires
between expanded TILs and original ones in primary cancer
tissues in HNSSC patients.”> The data showed that TILs



derived from three HNSCC patients with very high mutation
burden showed high levels of in vitro proliferation. We also
found that the TCR composition (repertoires) of expanded
TILs was very similar to original TILs in the tumor microen-
vironment. This might partly explain that TIL treatment or
immune checkpoint inhibitors showed good clinical responses
in some patients carrying tumors with a higher mutation
burden.

Since it was uncertain whether expanded TILs (or maybe
lymphocytes in draining lymph nodes™) could replace PBMCs
for induction of neoantigen-specific CTLs, we tested this
hypothesis in this study. The data showed that almost all
minigenes designed from patients B2 and B8 with tumors
having the high mutation burden could induce CTLs success-
fully. We chose the B8-3 minigene, which caused a slightly
higher response to APCs expressing antigens from the mini-
gene, to further screen the neoantigen-specific TCRs and their
target. By an approach using expanded B8 TILs as the source of
CD8" T cells and CIR A02:01 cells as the antigen-presenting
cells, we finally obtained neoantigen-specific TCR sequences
and constructed the KIAA1429p35s-TCR-engineered T cells
which could cause regression of the tumors carrying
KIAA1429p,355 mutation in the murine model.

By ten peptides of one minigene, we confirmed the feasi-
bility of our new strategy based on expanded TILs. Given that it
seemed almost all minigenes could activate the corresponding
expanded TILs, we think it is possible to screen more TCRs
using other minigenes. However, in the present study, we did
not test more peptides considering the cost and the availability
of Tetramers.

Notably, though the treatment of the KIAA1429p355:-
TCR-engineered T cells could suppress the growth of the
tumor, it did not completely eradicate the tumors while the
MAGOHBg74-TCR-engineered T cells, which we con-
structed in our previous study,® could cause the almost com-
plete regression of the tumors carrying MAGOHBG;74
mutation under the same treatment design. The factors that
could affect the TCR-T treatment efficacy include: (1) the
proportion of tumor cells expressing an antigen (some cells
might have lost the protein expression); (2) the affinity of the
specific TCR against the MHC-neoantigen complex; (3) the
expression levels of neoantigens and their affinity to MHC; (4)
the expression levels and turnover rates of the mutated
protein.”*® Among these factors, our analysis indicated
that almost all tumor cells carry the targeted mutated peptide
since we constructed the selection marker (puromycin-
resistant gene) together with the mutant peptide gene.
Interestingly, during the in vitro evaluation of TCR-T cells
in which we used the CIR cells pulsed with an extremely high
concentration of the peptide (20 pM) to stimulate TCR-T
cells, we noticed that with a similar antigen-presenting sys-
tem, the IFNy secretion level of KIAA1429p353:-TCR-
engineered T cells is about 30-40% of that of the
MAGOHBg;;4-TCR-engineered T cells (Supplementary
Figure 3a-b), suggesting that the interaction between TCR
and neoantigen-MHC complex may affect the cytotoxic activ-
ity of TCR-engineered T cells. We certainly need to accumu-
late a large amount of information to conclude this
hypothesis. However, since we repeatedly constructed
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KIAA1429p;3585-TCR-engineered T cells using T cells from
several healthy donors, the tumor regressive effects using the
different donors were similar, further implying that the lower
tumor-regressive effect of KIAA1429p;35s55-TCR-engineered
T cells was likely to be independent of sources of donor
T cells.

Our present work proves the feasibility of isolating neoanti-
gen-specific T cells from TILs, identifying their TCR sequences,
and constructing TCR-engineered T cells. This modified
approach could be especially useful for patients with a high
TMB and particularly for those having rare HLA alleles, further
broadening the application of our approach in the clinic.
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