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Adoptive cell therapy (ACT)= ZHAtQ| &Alo|Lt A0 EXfSts A7t T MZE FE9 = 21047t

ZASE T MZ =8H (T cell receptor, TCR) EE= AL|E ZZEFE chimeric antigen receptor (CAR)E

7 BdES Sof LEAZ 2 HYSHK CHAl 2tXto|A F@sts X 2TEOICE 0l Sof
SRS T Mz gdE Y A2EES R2ostd 7|EQ BY ALHEN 2MHCZE cancerd
A

microenvironment (TME)Q| Ctst A AX| Q| =HZO0|C 0|23t A2 T MES| F4!, 7|
drste HY B|E +=8H(PD-1, CTLA-4, LAG3, TIM3, BTLA &

MZEICHAFS Z(A2AR, IDO, TGF-B 5), hypoxia, fibroblast, angiogenesis S Z&sIH, T MZo| =2
exhaustionit 2 X[£HE RESI0 X=0 Mzgs EQACLE)(3)4) MM ACTel X|zg 1t

FdE el BY RS SEEHA MEdts Al SA0 B X 2HE0AM T M=

0Ok
mjo

exhaustionZ 2 HHEEE2 =5 = Us H7IX| HMefo| ARElD UCHG) O] FoAME=
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CAR-T= X 2 X =0|M 2% X7 M2F T StLIO|CL O|l= CARE AEXHLZE ¢d
MZE M85t AMz= ®EBHO| IHYAE0o Us

%AIO|CH®E) X£7| 1ME| CAR-T= CAR® CD3z chainQ| intracellular domain (ICD)E Z&s0f
endogenous 2t TCR It |FAtSH Aoz T NZO| 2HtE FESHAXC, A WOM T M=Z2|

SA0| HMehHo|H, %BHez ¢IY zRIE HOX|l= XUCLE) ©HH 2M0f CAR-T=

-

transmembrane domain StEHO| S& AH=FEXe| ICDE ZESHH T MzZo| S48 Ri¥e=
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1. Cell line culture

Jurkat-Luc, T2, A375-Luc = @UIQLHEIMO|M XS RUACE Jurkat-Luc = RPMI1640 (gibco, REF
22400-089)0 F=7FH S 2 neomycin & 300 pg/ml =2 X250 HIZSIRACt T2 & IMDM(Cat#
LM 004-01)& O[83t0 H{YStRALCH A375-Luc = DMEM (WELGENE, cat. LM 001-05)0
puromycin = 10ug/ml =2 XN2|st0] Hj st RALCt

2. Transfection
Transfection t& & T175 flask Of Lenti-X293T cell & 3x1077/35ml DMEM(10% FBS, 1% P/S) media
(WELGENE, cat. LM 001-05)0f 5tF seeding 'Lt overnight 20{ Mixture A (plasmid: 26.25 ug /
gag-pol pMD2.5G : 13.13 ug / ENV pMD pRRE : 6.56 ug / REV pRSV-Rev : 6.56 ug / P3000 reagent :
47.5 ul / Opti-MEM : 4.6 ml) 1} Mixture B (Lipofectamine 3000 transfection(Thermo Fisher Scientific,
Invitrogen, cat#L3000015) : 117ul / Opti-MEM : 4.6ml) & THECHL A 2 B & 410{ RT O 15min
incubation SFICH 1 ALO|Of| BiQF FQ MZQ| flask O] 4F WS suction 3tX DMEM (5% FBS 1%
P/S) media 25 ml & E0f X|SHSiFECLH A+B 2| mixture 10 ml 2 flask B EHO| i SHEFSH MM
adding 30} 37°C 5% CO2 incubator 0| 48hr HiXSIRACH 48hr 20| 4EHES Z&E =750 50ml
conical tube @11 centrifuge 2000RPM/4°C/5min @& &2 BtCt sup Bt 25 0.45um PES filter Of
Z2{ 50ml conical tube 0 &7 sup I} LentiX concentrator (TaKaRa, cat#631232)E 3:1

(14 ml:4.7
ml) HE2 Z0 4°COM 3 & incubation BtCt centrifuge 4000RPM/4°C/2hr 2 JAdEE

| S}of
sup = MAH RPMI1640 media (gibco, REF 22400-089) 300 ul 2 virus pellet 2 ZHAHH
Z0{F =2 50 ul ¥ eliquot 3t0 -80°C deepfreezer Off ESIFULCE O|F Lenti-X™ p24 Rapid Titer
Kit (Takara, Clontech, Cat# 632200)2 Ar&3I0 ST Zt well 2 microplate reader
(spectramax 340PC, Molecular Devices)E 0| &3510] FESIRALCt. ALEEl 2 sample 2| LPs & L2t

ZC} (Table 1)

Table 1. AF2 =l Lps ™M2FZF

MNo Sample LPs (TU/ml)
1 pLV-1g4 TCR 2.56E+08
2 pLV-1g4 (m) 2.90E+08
3 pLV-eTCR B-4-1BB(s) 2.81E+08
4 pLV-eTCR B4-1BB(L) 2. 76E+08
3 pLV-eTCR B-CD27 3.73E+08
6 pLV-eTCR B-CD3z 2.18E+08
7 pLV-eTCR a-4-1BBis) 1.73E+08
8 pLV-eTCR a-4-1BBiL) 1.61E+08
g pLV-eTCR a-CD27 1.97E+08
10 pLV-eTCR a-CD3z 3.80E+08




3. Jurkat-T cell lentiviral transduction

Jurkat-Luc T cell & 50ml conical tube O 2OtA| Centrifuge 1,500RPM/Room Temperature (RT)/
S5min R&Z22| o F| sup & A3t cell pellet 2 RPMI1640 media (10% FBS, 1% P/S) (gibco, REF
22400-089) £ & EO0{F0] cell counting SHRALCE 12well plate O Jurkat-Luc T cell & 1 x 1076 /well
2 9o{F1 well 0 total Tml/well O] Z|A 4MOI 2| LPs, protamine sulfate (Final con 30 ug/ml) 3
ul & EO{FQUCL Plate € parafilm 22 sealing St 32°C/1200rcf/90min &2t cytospin ot F
parafiim & %71 well Off RPMI1640 media (10% FBS, 1% P/S) 1ml2 9O0{& = 37°C 5% CO2
incubator O A{ overnight StRICt CHSY T25 flask 2 &7{F 10 RPMI1640 media (10% FBS 1% P/s)
(gibco, REF 22400-089)Z F7I2 €0 & 10ml& HF11 37°C 5% CO2 incubator Of H{SHRC,

4. Flow cytometry

Nz M ™o, MZ2| Fc receptor = human BD Fc block (BD Biosciences, San Diego, CA,
USA)2t FACS buffer(PBS 0 2% FBS & 20 =)E AE0I0] HotHan X X
= AM20AM 5 27 BX[SIYCE MHC-NY-ESO-1 complex & A28 AL CHE2 ZECt 718 HA
o

Mo, HA MHC-NY-ESO-1 complex tetramer 2 PE-streptavidin = 4:1 H22 41

XS] 1 AlZH BRSAIZL 2, MEOIA 7HE BA M2lSHICH TCR B 13.1 @HQ 4%, tH=Eez
WA NM2StRel H20AM 10 & oI5} 7|

Krgsto] EHX[SIQICH MZ EMHO| CHHE disig 2ol
SHE KNMelst A LA 4°COAM 30 27F EX[SIRACE O|F FACS buffer 2 MA F, DAPI

solution 2 O|83l0] 2 MIZE Z2{WC}t FACS Canto Il (BD Biosciences)& 0|23} S M=

£ oI} sorting = FACS sorter(BD Biosciences)& AtE3ISICE Flowlo software (Tree Star,
Ashland, OR, USA)E 0| &5}0f E45I ALt AtESH &H|= [Table 2101 2|5t ULt

Table 2. FACS antibody

Cat# Antibody Company
362410  PE anti-human TCR VB13.1 Antibody  Biolegend
362408  APC anti-human TCR V[13.1 Antibody  Biolegend

422302 Human TruStain FcxX™ Biolegend
300406 FITC anti-human CD3 Antibody Biolegend
D3571 DAPI Invitrigen
405204 PE streptavidin Biolegend

MHC-MY-ESO-1 complex neogenTC




5. Luciferase Assay

T2 cell 2 50ml conical tube Off ZOFA centrifuge 1500RPM/RT/5min ot F sup 2 XMA3St cell
pellet 2 IMDM (10% FBS 1% P/S) (WELGENE, cat. LM 004-01)2 &0 cell counting R{C}. (1) T2(+)
cell 1x1076 2 22|50 IMDM (15% FBS, 1% P/S) 2 X|2tSt1 NY-ESo-1 peptide 2F b2m (BD
Biosciences, Cat#551089)= (final con 50 ug/ml (0. 5ul) 3 ug/ml (6 ul)) 7t E=& ep-tube O
Z0{Z10 RTO|AM 30min OCH tapping SHFD{ 2 A|ZH BHSA[ZICH HHEO[ ELHH sup M 7{< DPBS
10ml € E0{&F = centrifuge 1500RPM/RT/5min 2HCt I8 & H HHE = RPMI1640 (10% FBS,
1% P/S) (gibco, REF 22400-089) 5ml £ cell pellet 2 Z0{A well & 2 x 1024/100ul 2| =2 ep-
tube Of FH[BICE (2) T2(-)cell 1x1076 = RPMI1640 (10% FBS, 1% P/S) 5ml 2 E0{A well &
2x1074/100ul 2| S 2 ep-tube O FTH|DICt eTCR/Jurkat T cell & counting Bt £ (3) T2 cell 1t
co culture & eTCR/Jurkat T cell 24 x 1076 2 1.2 ml 2 E0 2x10A5/100ul 8] &= & ep-tube Of
ZHIBICE (4) P/l activation control eTCR/Jurkat T cell 2 2x1026 & FH|SH0] (5) RPMI1640 P/I media
(PMA 1 ul (1 nmol): lonomycin 1 ul (1 ug/ml) = T ml:1ul:1ul)1 mZ Z0{ 2x1075/100 ul 2
SE 2 ep-tube O FH[SICE 96 well plate ZH Twell & (1) (3)2 ZFZE 100 ul (total 200 ul), (2)2t
(3)2 ZtZf 100 ul (total 200 ul), (42t (5)& Z+Zf 100 ul (total 200 ul), (3)1t RPMI1640 media &
212 100 ul ¥ (total 200 ul) EO{FRALCE 2= AT triplicate 2 TIAHMUCE 37°C 5% CO2
overnight incubation St 96 well Of U= sample 2 96well white plate & &7 centrifuge
1500RPM/4°C/10min & sup & 90 ul XMZSCt -20°CO| EZE|O U= Bright-Glo™ Luciferase
Assay System (Promega Bright-Glo, REF E2620) A|2f2 =¢Q = AH0AM 100 ul/well 2 X 2|5t

GloMax® 96 Microplate Luminometer (Promega, USA)Z 5min O|L} 2H&g ZHMCt.

6. PBMC isolation

ATOM ALBE A2 MIO0MUEHRA AYARUAR A0 3{7HE 2ot 2/ S3HYUCHIRB 2020-
0910). Blood sample 2 50ml conical Tube O @2 = blood 2t &&2| DPBS (2% FBS)E E11
Pipetting 504 & 430{Z&Ct. SEPMATE Tube Ol Lymphoprep (STEMCELL, cat#07851) 13ml & 7|Z7}
M7|X| %A HOIFED DPBS (2% FBS)2t 412 Blood £ Lymphoprep IF A10|X| A Tube HEHOf
HMHS| &7ICL Centrifuge 1000g /25°C/20min/accel 1/brake 13t F| AfZ2 50 ml Conical Tube O
DPBS (2% FBS)E 15ml YO{& =, buffy coat 2H2 22310 Conical tube Of &ZZ=CL
Centrifuge/1500rpm/7min accel 9/brake 9 £ sup 2 X|73t0 pellet 2 2ml 2| DPBS (2% FBS)E
Z0ZT 2 50ml 2 MYECE o EE F M O BEDCL Cryostar CS10 (STEMCELL, REF 100-
1061) 22 pellet & Z0] cell counting & cryovial O 20{F11 -80°C deep freezer 1 day E& =

25 LN2 Tank Off 223HLCt.



7. Primary cell Activation

LN2 Tank O|A 74 PBMC Stock 2 W2 37°C water bath OfA] =@l = 50ml conical tube O
warming E RPMI(2) media (10% FBS, 1% P/S) (gibco, REF 22400-089) 9ml €@O0{F1 =9l PBMC
Tml 2 20] Centrifuge 1500rpm/RT/5min 3t F| sup 2 AT = cell pellet 2 RPMI(Q2) media (10%
FBS, 1% P/S)E & ZEO0{F0] cell counting StRAL}. T25 flask 0 PBMC 2 x 10A7 & €11 media &
20 ml ¥F0f HO{E = T cell TransAct (Miltenyi Biotec)E voltexing £ 100 ul 2t IL-2 100 1U/ul
7|F 4ul E(1x10A51U/ml) €0 & F 37°C 5% CO2 incubator O A{ 48hr &2t HiSL0] PBMC &

activation SFILCH.

8. Primary cell Lentiviral transduction

48hr 2 Activation El PBMC 20 ml & 50 ml conical tube 0 20tA Centrifuge 300g RT 10min ot
S sup 1t TransAct & M A3 cell pellet & RPMI(2) media (10% FBS, 1% P/S) (gibco, REF 22400-
089) 2 Z EZ0{F0] cell counting SFRALC} 6well plate Off PBMC & 2 x 1076 /well 2 @0{F1
well Of total Tml/well O] Z|H PBMC 1 x 1076/ 4MOI 2| LPs & ZO{F 1 protamine sulfate (final
con 30 ug/ml) 3ul & EO{FQILCt Plate & parafilm 22 sealing St11 32°C/800g/2hr &2 cytospin
ot %[ parafilm & 7|2 Transduction & PBMC 1Tml & T25 flask 2 &74F 1 RPMI(2) media (10%
FBS, 1% P/S)E F7I2 EO{ & 10ml 2 %30f FRAD, IL-2 (1 x 1015 IU/ml)2 40ul (400 IU/ml)S
HO|Z= = 37°C 5% CO2 incubator 0| A{ Hj &L}

9. Primary cell culture

PBMC Transduction 2 Day2 2 7|Z&E5t0] Day4 Of IL-2 (1 x 1075 1U/ml)O] 412!l RPMI(2) media (10%
FBS, 1% P/S) (gibco, REF 22400-089) 10ml 2 cell O damage 7t 7tX| QA ZMAYHA FItSFRALCE
Day6 Ol cell counting & T75 flask 2 &7F 1 IL-2 (1 x 1025 IU/mI)O| 42l RPMI(2) media (10%
FBS, 1% P/S)E total cell &= (5 x 10A5/ml) 7|E2 2 FII8|F ALt O|=F Day 8,10 0| = OFXIIX| 2
cell counting & total cell = 6 x 10A7 7|E2 2 T175 flask 2 AT} IL-2 (1 x 1075 1U/ml)0|
el RPMIQ2) media (10% FBS, 1% P/S)E total cell &= (5 x 10A5/ml) 7|E2&2 FIISiFUCt
Day12 Of total cell & counting dt11 FBS:DMSO (9:1) stock media & AI&3t0 cell stock =
MZSEL cell freezing container & AFESHY -80°C deep freezer Off overnight & LN2 Tank O stock

vial & EZ5HALCE

10. /n vitro cytotoxicity assay

%

co-culture 16hr & A375-Luc cell € 50 ml conical tube O 2OtA{ centrifuge 1500RPM/RT/5min

mo Ml
on

5l sup 2 M5 cell pellet DMEM (10% FBS 1% P/S)2Z 1ml suspension = well



2.5x1075/50ul O] SE2 ep-tube Off Z=H|SICE 96 well white plate 2 Twell & A375-Luc 2 2.5x
1075/50ul ] =& 22t (1) <co-culture> 50 ul 2 EO{F1 RPMI(2) media (10% FBS, 1%
P/S)(gibco, REF 22400-089)2F DMEM media (10% FBS, 1% P/S) & 1:1 2 40| FH|SI0 (1) (total
150ul)2t (2) <co culture x> (total 200 ul)ofl ZfZf 100 ul 2t 150 ul & EO{F1 16 A7t overnight
SIQICH BE HYHT2 triplicate 2 ZIZWSI YLt eTCR PBMC = co-culture ™' T25 flask o RPMI(2)
media (10% FBS, 1% P/S) 10 ml 2 €0 thawing St1l overnight StRICH A375-Luc & €O0{F1 16hr
T/ eTCR PBMC 2 counting 8t & A375-Luc cell 1t co-culture & eTCR-PBMC & 4.5x1075 2
450ul 2 E0f 5x 1074/50ul 2| = =E ep-tube O FH|SIA (1), ()0 22t 50ul X EO{ELE O|=
28hr 37°C 5% CO2 incubation StRALCL 28hr £ centrifuge 1,500RPM/4°C/10min St 1 sup = 100
ul M3t -20°Co| 232%|0f U= Bright-Glo™ Luciferase Assay System (Promega, Cat#E2620)

Alotg

iy
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11. Quantitative measurement method
RE SAEAZ2 GraphPad Prism9 2 AH83%t0 Ordinary One-way ANOVA 20| o|sh
2M5LUCt 2 Fo| M2 (Mean + SD, *P<0.0332, **P<0.0021, ***P<0.0002, ****P<0.0001) 22
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Table 3. Vector design

1g4 TCR

pLV-1g4-beta-funn cleavage site-GSG linker-P2A-alpha

1g4 (m)

pLV-1g4-beta-GS linker-MCS-furin cleavage site-GSG linker-P2A-alpha-GS linker-MCS

eTCR [B-4-1BB(s)

pLV-1g4-beta-(GGGS)3 linker-4-1BB(s) ICD-furin cleavage site-GSG linker-P2A-alpha

eTCR B-4-1BB()

pLV-1g4-beta-(GGGS)3 linker-4-1BB(L) ICD-furin cleavage site-GSG linker-P2A-alpha

eTCR B-CD27

pLV-1g4-beta-(GGGS)3 linker-CD27 ICD-funin cleavage site-GSG linker-P2A-alpha

eTCR B-CD3z

pLV-1g4-beta-(GGGS)3 linker-CD3z ICD-funin cleavage site-GSG linker-P2A-alpha

eTCR a-4-1BB(s)

pLV-1g4-beta-furin cleavage site-GSG linker-P2A-alpha-(GGGS)3 linker-4-1BB(s) ICD

eTCR a-4-1BB(L)

plV-1g4-beta-furin cleavage site-GSG linker-P2A-alpha-(GGGS)3 linker-4-1BB(L) ICD

eTCR a-CD27 pLV-1g4-beta-furin cleavage site-GSG linker-P2A-alpha-(GGGS)3 linker-CD27 ICD
eTCR a-CD3z pLV-1g4-beta-furin cleavage site-GSG linker-P2A-alpha-(GGGS)3 linker-CD3z ICD
NFAT O] 243}E|™ |L-2 & CHAISIY Luciferase reporter gene & 2aigt = YA AA st TCR KO
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Lo =F2 66.2% Y 0| H WS 1g4(m)dt eTCR/Jurkat-Luc MZ HFHTOl EH +F2
CH2F 80~95% ARO|S] &2 #=FE LIEIHRUCE O FOME eTCR o-CD3z 2 75.6%E eTCR &
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This study proposes a novel approach to enhance the efficacy of adoptive T cell therapy (ACT), a
form of immunotherapy for cancer treatment. Among ACT strategies, T cell receptor-engineered T
(TCR-T) therapy can be applied to solid tumors by expressing TCRs on patient T cells to recognize
tumor antigens and eradicate cancer cells. However, a significant challenge in ACT is the limited
activation of T cells within the tumor microenvironment, leading to suppressed immune responses
and reduced effectiveness. Therefore, we investigated methods to improve T cell function using the

TCR-T system.

Similar to techniques used in Chimeric Antigen Receptor T (CAR-T) therapies, we designed an
engineering approach to directly link the intracellular domain (ICD) of co-stimulatory molecules to
the TCR constant region. We aimed to assess the impact of this modification on T cell activation
and anti-tumor effects. Using lentivirus-mediated gene delivery, we confirmed stable TCR expression
levels in both cell lines and human primary cells. However, contrary to expectations, this modification
did not enhance anti-tumor effects compared to conventional TCR in human primary cells; in some
cases, these effects were diminished. Nevertheless, the engineering approach of directly linking the
ICD of co-stimulatory molecules statistically significantly increased T cell activation levels compared
to conventional TCR. These results resemble enhanced activation responses observed in CAR-T
research, demonstrating the feasibility of a second-generation TCR-T system that successfully

integrates signals 1 and 2.

Therefore, the direct coupling of co-stimulatory molecule ICD to TCR via engineering provides a
new strategy in TCR-T engineering to enhance ACT functionality, suggesting potential improvements

in the field of immune oncology therapy
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