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Dual-RMCET ST RE R EMR ARG EL

2 X' OECHE NEER Ok ER # F g+ FRP
(R AE R I BE 2R B, TN 5100805 2RE R K AF R EE B, M 510630)

HE FURY 8 T 4m b AR(T cell receptor, TCR)AE 76 77 £ 16 AR L 3R T E XBE, 1245 &
B — B ARAIR, Hlde, NIMRETCREEFALLET & B & B ATCRS T SH RIS A ARG
FEIPBAR RESF. HMRRXEFR, AEHREE T2 NTCRAAE F R Bt stk
A A F 2L BT 49 & X R % (recombinase mediated cassette exchange, RMCE)#% K, 52 #LTCR F
REBHRIMETCRABE AL R %, &, BiLE 45 Rk 45 4£16.113FJurkat 762005 I N T 27
loxP#=FRT/% % #) EGFP(enhanced green fluorescent protein)# B ; X /&, #| FIRMCEZ i EGFPE #:
AMAGE-A149TCRap A B, &30 F 53K5%. flurkat762m ek @4n %] T TCRA=CD34F, F L
5MAGE-AVH#HHLA-A2 % RARE &, Tt A1 X —TCRA B Bk A 445 6T iR AT ik
AR ARG T4 e, A TCR-T4a LG 57 64 24> B B - A —AN37 5k

K MIRETA 6T TCREEN#:#, TCRapH:IA; Dual-RMCE

Generation of Dual-RMCE Mediated TCR Gene Replacement System

Gong Ying', Huang Yijuan', Liu Zelong', Cheng Liang', Peng Jin', Liu Jianzhong', Li Liangping'**
("Zhongshan School of Medicine, Sun Yat-sen University, Guangzhou 510080, China;
*First Affiliated Hospital of Ji 'nan University, Guangzhou 510630, China)

Abstract Adoptive immunotherapy with T cells modified by tumor antigen-specific T cell receptor (TCR)
achieves a great progress in clinical trials, but it still existed some technical problem. For example, autoimmune
side-effects induced by self-reactive TCRs from mismatched TCR chain dimers due to the transduced TCR paired
with endogenous TCR chains and the inactivation of tumor suppressor genes causing by retroviral gene random
integration. In order to overcome these drawbacks, we proposed to combine the two technologies of retroviral gene
transfer and dual recombinase mediated cassette exchange (Dual-RMCE) to rapidly achieve site-specific TCR gene
replacement in the mammalian cell lines. This technology was first successfully established in 16.113 and Jurkat76
cell lines. The single or low copy GFP cassette, which flanked by loxP and FRT sites, was introduced into cell ge-
nome through retroviral transduction, and then has been replaced by TCR cassette with the same direction of loxP
and FRT sites. The efficiency of gene replacement was up to 5%, more effective than homologous recombination.
The introduced TCR together with CD3 molecules were found to express on the surface of T cell line and could
bound with the MAGE-A1 HLA-A2 multimer. We are using this technology to pluripotent stem cell system for T
cell differentiation. The system we established would provide a new strategy to generate tumor antigen specific T
cells for a safe retroviral TCR gene transfer in clinical cancer treatment.
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HAT, e Sz va 7 ke RS S T 2 N s
H I8 g, X R e va o7 7 v AL 2 8 5
s ML T % D) kv o R . FUHTAH g
AT 5T A B, 06 52 3 9k 22 4 2 (tumor infiltrating
lymphocytes, TIL)H A T8 KIE ] . 9250 45 1 5
N, AXAE— S8 g s R S AR L 2
TIL, Jf HARIRAEARSMT 8 5 [0l 1) 585 R A 5 A7 1)
WM AR . T i s PURD R A B
(9 G 8 A FHE, ETILI 2 s A R, iy H. 2 4
& FE 5 [P T 40 M (exhausted T cell), [7] %7 5 76 B &1
PR AE -

T e IRTILIG ST 1 Ja B, T AE ok K e T 4L

iR T4 i 52 A& (TCR T-cell therapy, TCR-T)ZE [X] i1
J7%, O REE NI IR, 743 T &7 =L,
X —H AR I IE R RO TCR-TAN Mo y7 v, IR AR TR
A& FER TR S 8B PR I TCRAE A, J8 sk JE PR F2 1)
J, v SR AT A, ReH7 A0 PR TR L 40 0 4 A 1
S DR IR B s AT L0 P SRS AR AR A R
W5, Bl am AARNH T IRIREITT. HXFTCR
HEDRISOE T M T e 4% S e v a7, e K Ir Ak A
AT LB TR A0 o e A D B, AR AA SR
P AT A 2 L B8 IR TA 2 e, LUA IR TT
SR H B Xk DA RO,
PRI, B-18 9k [ 4H B (1 11995 (B-chronic lymphoid
leukemia, B-CLL)!"!, By Fl 45 1 7y U228 S b
FAIATT TP ARAT RAF 97 28, BUETCR-TAH M7 %3k
13 7Kk .

{HTCR-THH M7 5 1) 22 A P B B A AR 2 — A
SRV HA 8 B TCREE DA VG 7 i ik
W SR B A S TA M. T s 22—
Z ¥ DL HBENLEE G Bk B, A nT e o KIE A 2L A
A DU IR DR TS e LT [RTI,  N I TCR%E
5 WP PETCREEREHLRC XS, AT TEHG A & KW PETCR
O3 FUN 5 R AR PUAE 31599 (graft versus host
disease, GVHD)"*!,

TR RO LG ), FRATTHE H AR G 4 i
(embryonic stem cell, ES) I > H 1 # 5% 90 FFTCR
DR A% RO, T8 40 i 5 e o ) Bk o, R B A
DRI ZH e — 7 middi N T R — SR DR B e e A I ES 48 il
v SRS H B A A 3 1 2 PR AT i (recombi-
nase mediated cassette exchange, RMCE)$i A% TCR
LD e mUE e NIX e AL G AR LUSESAH i R

B AT B e A R AK R B R e METCRIV T4
Jile RMCEHR; A & F) FH A 14 55 1 o 41 g 0% 1K
SR DNA T ZH 5 71 (f1: Crefig P 5l 1oxPA7 . Flplii
PUNFRTHZ s R PE, 47 3 siDNAE A . 7E47 RURF
St EAR AT N, KA 207 2 FIDNA K

BE BLAR AAS R S0 SR B EIE F o A S 56 v BRT[)
I} T 7 b 20 B (Crelil A F1pif), #0FR A Dual-
RMCE!",

h T BAUF X — WAL, FATTLE /N B A0 R T
T RAN LK, IS T Dual-RMCEA T [ TCR
HEREBBRBARARG. KRX—REHANBFZLEE
N M H R 24y, BERE = A I8 L —TCRIE P 1) & il
TN, K5 RS e TA0 L e 5 9697 IR R R

1 #5774

1.1 #8l
111 s W s B TCRE 1L 2 A pMP71-

TCR1367+ 45 M\TCR-HLA A ¥ 4L /)N i (ABabDIIT) 7>
2 13 3 IMAGE-A T} 5 PETCRE: K7, M Thomas
BlankensteinB#Z AL 3K 15 . gt Cre FF1po = 2H i 1) )5t
FipDIRE#26745) L X RMCE & 4t & Jit kipDRAV-3
(#26748)14 FH Addgene /A 7] o 1 S 85 3 IA FI A
4K (PMP71EGFP. pLAF-10A1. pCDNA3.1-gag/pol)"¥
N TR APV B K 27 41 il A2 4 7 R Uckert Wolfgang
Y 4b 345 . pSUPER .neo+gfp 5tk (VEC-PBS-0006)
I H Oligoengine /A il o

1.1.2 XA LBESFRIE(HE VR RER) BTk
LA, BUIRRE. PCRGIWIAUTTRLI R 45 0 B A T
W TR EE R AP Not1. EcoR 1. BamH
TFR 5614 Y VI % FH Fermentas /A 7)o T4ZE L E(T 5
MO0202L)J¥J 4 New England Biolabs2y . 2t N i %
JEOR B GRS H Qiagen/A 7] o HLFE IR F £ Lonza
Amaxa® Cell Line Nucleofector® Kit VI H Lonza /A 7
Primer Star Max(TaKaRaZA &) 5 )7 M & B A4 2
Hlo GA18(1t "5 11811023)F1i A7 2 (F2 551 10687-010)
¥ H Gibeo s 7 (Life Technologies). HtfA: it ACD3-
PE(%%%5 : 347347) FIHi N\ TCRaB-FITC(H5*5: 561674)
2 HBD Bioscience 2 ], MAGE-A1,s(KVLEYVIKV)/
HLA-A*02:01% % {A(MAGE-Alys-HLA-A2-APC)H
AMBLA o JEHLER T [T 7 6 R TR £ Y
R EIE B E A EAR AR A A . g7
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A M5 (55 10099-141), 455 (5 5 15140-
122). DMEM(%%*5: C11995500BT). RPMI1640(%% 5
C11875500BT)J¥ [ Life Technologies 2y . 4 g 1% 7%
AR I, BgRl. E.0%8 . Bl H Nune
x Al (Thermo Scientific).

1.13 &%  difuk5 774608 F Thermo Scientific/A i) o
PCRAY. HL¥KIX. DNAHL ¥k A5 3 F Bio-Rad
O] SR M (CK X410 ) [ Olympus 2y
), 9¢ 6 BT (Obsever Z1 -5l H Zeiss 23 7 o
1.2 AR

/N R T I8 41 il 216.113 M Thomas Blanken-
steinZ $57 4b 3R A1, TCRER B 1\ 11 11995 40 . 3 Jur-
kat76 41 i Bk M Uckert Wolfgang 42 4b 35754, J1] RPMI
1640+10% FCS+100 U/mL 5% 57 22 55 7R L 55 21X b
S0 M 2R 3 75405 41 9293 T4 Jifl(CRL-3216, ATCCHH
J ) N ZEDMEM+10% FCS+100 U/mL T 4% 8 % 15 7
SR TR, BT AR . 37 °Cy 5% CO;
I TE L 0 O 55 F7 46 T 5% 9% (Thermo Scientific 2y 7)o
1.3 HIREHEE

I H Primer 3.0 /4 ZEATPCRE W) e ih. A H4
Fa 300 S 9 5 34 4 3 /ApMP71-LGFPF(% 5 LoxP-
EGFPneo-FRTE [A & 4 21 /-, LGFPFH %I 26 (1)
B 5 1K), HINot 1-loxP-F514): 5'-AAT GCG GCC
GCA TAA CTT CGT ATA GCA TAC ATT ATA CGA
AGT TAT TCT ACC GGG TAG GGG AGG CG-3'
FIFRT-EcoR I-R5|%): 5'-TGA ATT CGA AGT TCC
TAT ACT TTC TAG AGA ATA GGA ACT TCT CAG
AAG AAC TCG TCA AG-3'. i it 58 & M %5 58 I
I (PCR)¥% M pSUPER.neo+gfp 5t i 4 1#42.0 Kb
Not 1-1oxP-EFGPneo-FRT-EcoR 17 B . {# ] Primer
Star Max PCRJ N AR Z&, W 4442 95 °C 2 min;
95 °C 155, 60 °C 30 s, 72 °C 2 min, 35MfE¥k; 72 °C
5 min. PCRJZ N Jii, [HINot TF1EcoR 1§ 1)), 3% H
JBE M PCR 4, 3% 45 T pMP7135 4k Lo X T TCR
B 4 3 ApDRAV-3-LTCRF, i it Not I-TCR13675]
M. 5'-TTA CAG GCG GCC GCC ACC-3' #1 BamH
I-TCR13675] #): 5'-CGG ATC CGA ATT CAG CTG
GAC CAC A-3', " #IMAGEA1-TCR-13673L [A; W
FNot 11BamH TXPCR=H) V] 5, FHNEB T41% 4%
fiff16 °CREACEE#E, i fE 2 pDRAV-3 B #He i ik I,
1.4 WERFSEE. K. HENENES

s B30 2B Wy BT R U0, 8 5 2, 293 T4 85

FE RO T, FF 4l ML T 70%~80%KT FE AR I, W
HlLipofactamine 2000 3¢ /& 4 /I Bl 11 1L 3 300 %%
K9 B (Ampho MLV ik Al A 2 11 & 4834 4 4k
(2 pg pMP71-LGFPF. 2 pg pAFL-10Al-env. 2 g
pcDNA3.1-gag/pol) % 2293 T4l Hu 1 47 i B 1 2%,
48 hfa WS 85 13, I H0.45 pmffJE#45(PALL 2>
AL PE . R I 6 FLAR S FR293 T4 A,
FLAH A 4x 10740 i, BEFLINAN2 mLIJRE IR HERS
0.6 mLI¥Eppendorf, & N A45 uLif) 58 455 57
W, HXS pLyp B, 10F5 A B 2, s Jo BEAE Th
WS pLn 85 78ieh, JEImAL ML N4 ng/mL )i
PR £6 K 85 ] (protamine sulfate, Sigma-Aldrich). 48 h
Ji, PR TR 0 PR A ke, FH L (Sl
GFPRIANG O o $52 )5 98 1530 FE TU/mL=[(¥] 4 40 i £50)
(i B 2% 50 (GFPRH 1 2) 1/ (O B S VAR FAmL) . 4% 1
5 15 41 f Kr=1:10, % 5:16.113 FJurkat7641 i2, A
i 15 EIE ORI 2R B 4 pg/mLIT) B R f1KG £
H, JR2) 532 °C 2 000 r/min 0290 min, 4% AT255;
TR
1.5 25491 1 K B8 2 A 52 B A9 3R B

i i i S48 hJ, IIAN400 pg/mL G418Z454)
e 10 dfs, vIEcan i, K 4 i %35 B2 4 31 5/mL, [n]
96FLAR H I AN 100 /AL A 11 4 Jf A 2 95(0.5/4L) o
R4 AR, AR B AR AR K30 d, SRAF 41 T B
1.6 TCR-RMCEZ&#31

4 1x10° Jurkat76 FE.7E BE AR i 1 200 r/min 250
3 minJii, ] ¥ HIPBS(pH7.4)i vt 40 fu2ik, 3 1)
Lonza Amaxa® Cell Line Nucleofector® Kit V HLE R 7|
&, M AS pg' #:2 ApDRAV-3-LTCRF 115 pg
pDIRE(4i i4iCre/FLPoJTAL), JiA1 4l B AR 5, i
A2 mmH M (Lonza)+ . 1% FLonza Amaxa FA% 4l
W rU A, R X, L LR, R RS 2337 °CHil
I sE R IR, R R R . k48 h
Ji, IAN200 pg/mL (¥ ) 57 25 0 12 40 i«
1.7 EFHDNAIZEFIPCR

110 4 Y, NS00 WL AL (NaCl 100 mmol/L,
Tris-HCI 50 mmol/L, EDTA 25 mmol/L, SDS 0.9%),
JNS uL 20 mg/mLER HEEK, 55 °CH1L3 himsis], I
500 pLfy 54, [ N E#207K, 13 000 r/min 250210 min;
I EVER R, LU S5 N B2 (29450 L), Wif,
#ES min(0] & 2] [ A Z0RDNA). 13 000 r/minEg
215 min, 7 B3, BRI AR
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500 uL 75%Z. 0%, 13 000 r/min/&.0»5 min; 7 i, JF
% VR e R AR MR BT 9 e a1 4 1 C D0 18] o
B ), FARWRSVELE . T8, 1100 pL ddH,O(5k,
TE), 55 °C¥#5 fi#20 mino & U0 % 5% 9% B [ LTRIX
Bk BXP1ATP2 L S TCREZ A4 ik DA IR P3 A b 4 5 5
W, e85 5 hP1: 5'-GTT CCA CCG AGA TTT GGA
GA-3"; P2: 5'-CAC ACA GCG TAA AAG GAG CA-3";
P3: 5-CGG CCT TGC TAG GCT CG-3'(Kl1). & H
Primer Star Max{E_NPCREE G [ W 2444 95 °C
2 min; 95 °C 15 s, 62 °C 30 s, 72 °C 1 Kb/min, 357
;72 °C 5 mine 1% S IEWE 24T Wbk 70 BT
1.8 B & K s 4l A S AS

WA 41 o, HHIPBS(pH7.4)PEV il o2k, A%
[ G O 5T 4A 5T ACD3-PE. #i ATCRaB-FITC. MA-
GE-Aly-HLA-A2Z 3R K, =3 6 0% 530 min,
HIPBSYESZ 17K, 100 L &40, HBD AccuriC6é
Uit A (BD Biosciences 7], San Jose, CA)fi I, BD
Accuri COFAEAIFlowJo 7 T4k -

1.9 GitF5EIGRLE

e 3R 38 Beehn e 25 30, B 3 MR 3R
FH 56 55 RT3 1 7 22 93 M, P<0.0524 22 A 4i it
2P Mo B AR AL LN F Microsoft Excel 2013
FIPrism 5.0%44

2 H#R
2.1 TCREREREFIKAGHIZITIEE

SR T T SR #F TCRIE DN B e R 4, AT
T S 7 T DNATE 4121 /Flox PRIFRTA £ (1)1 4%
S B 45 4 3 A pMP71-LGFPFFIRMCE-TCR ' it
X AApDRAV-3-LTCRF(EI 1AF1 E1B). ¥ #% S0
G AR R 2 T A A R A A
IR B B4 UL & e 4 1 10xP-GFP-FRT, 4R & % TCR
B i 4% A4 pDRAV-3-LTCRF 1 Cre/Flpf %% /A pDIRE-
iCre/Flpoit i 3% 4 L vl e N5 A7 8 4 20 16 40 i,
F H Cre/Flp g 151 73 5 467 T~ $& A BR824
I 1oxPRIFRTAY £, 7EloxPAIFRTA 55 7] 2 A 4,

(A) B)
Loxp FRT Loxp FRT
S'LTR EGFPneo 3'LTR TCR HygroB
Not 1 EcoR1 Not 1 BamH 1
pMP71-LGFPF pDRAV-3-LTCRF
(C) P1
) Loxp FRT
S'LTR EGFPneo LR —
E—
Flpo
TCR HygroB

pDRAV-3-LTCRF

CCre
Loxp
IR
E——1

P3

HygroB

—

P2

A WS 8 A pMPT I-LGFPF/R &[], B: TCRE V'S 1 4 /A pDRAV-3-LTCRE/R B &1, C: TCRIEDR B4R PR, 1 50 RN FEE 1) 100 s
H51oxPAIFRT A e 414 A i 12 5L DA 5 N FE DR 21 v, G0 #4200 g v 8 (¥ 975 26, SRAFEGFPneo” S0 v b, 126 HIPLAIP24E 4 514, PCRY™ 44 Jv Bl
2.2 Kbo J4TCREEH B #:4 4pDRAV-3-LTCRFF1 T 41 il 4 T % /& pDIRE(iCre M Flpo) L [Fl 4L YL 2 41 o iy, 76 AN 5, ¥ EGFPneo' & 1%,
TCR-Hygro, HIP1. P24E4 5 HPCRY 14 B R/ K42 Kb IEHIPIFITCR N BT 410 5190P3, 4 31K Fr BEK /M 40.7 Kb

A: the structure map of retrovirus vector pMP71-LGFPF; B: the map of TCR replacement vector pPDRAV-3-LTCRF; C: schematic procedure of the
Dual-RMCE mediated TCR replacement. The loxP- and FRT-flanked EGFPneo cassette is first introduced into the mammalian cells via retroviral trans-

duction. The GFPneo” single cell clones are obtained by using the limiting dilution method. Chosen the P1 and P2 as the PCR primers, the band would
be 2.2 Kb. To carry out Dual-RMCE mediated TCR gene replacement, the clones are co-transferred with the replacement vector pPDRAV-3-LTCRF and
Cre/Flp enzyme expression plasmid pDIRE. TCR gene would be exchanged into the genome and GFP would be deleted. Chosen the P1 and P2 as the
PCR primers, the band would be 4.2 Kb, while 0.7 Kb band would be in the PCR of chose the P1 and P3 as primers.

Bl #HERmREEEERBKRFEHEEINLIRE

Fig.1 Construction of Dual-RMCE mediated TCR gene replacement system and experimental procedure
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FFEGFPE A 4 il TCREE K (K 1C).
22 WHERFEEEHREHMEANEIL

T E X — DN R R g, AT
16. 11341 g FllJurkat7641 M £k Jy #5284, JF FETCRIE
B SE . 1, i 5 pMP71-LGFPF I #% 5%
B, DU IR S 1) 30 % 5399 7 _L T (MOI=1:109 5¢/41
)i S 16.11341 f(B2A R E2B) il Jurkat 7641 fid Fk
(K2CH1 [#2D). 48 hji, HFACSIX K MEGFPIH) %
IR 1E DL, EGFP IR 4N M Ll AR 2  T%, KAN
10%(EI20F1E2)). 552 dIF4RG4187iiE, 10 dfF133]
G418 FN L (58 11 B A 40 i, EGFPIIERIA
T 100%FH PE(E2K) -
2.3 TCRERFEMEH

ETCR'E #e 3 4A v, TCRIL K |75 f3 8 7, Bifi
WLEE A X ARIATCRIE K . 4 % £ TRMCEA 7
(1) 56 [R] B 46, TCRIE PR 380 % 505 2 2 AR LTR A

0.3

GFP

HFHIEEER, BERSRIERTCRE (15 T KL
TCR%r T 54 NCD3 %y T2 & I I E 5 W), AR5
Wiz B A0 Mo THT, AT RER T S EIMAGE-A1 2
RGN . 2P DU B IR W] BE 2 PR E HROR,
h A3 BG4 UL S 3 40 i R, BA4E =i Dual-
RMCEIZE, FA156 Fineo i M A4k (5,5 ' 85 14 FH
P 40 M 285 A B AR R V2 43 380 1 o e 40 R ke, PRI
7AN6.113 758 % (B 2E A1 B 2F) A48 Jurkat 76 e, [ (P
2G I EI2H), HEATTCRIEE DA 4 S 06 . R fRL 3% 25
##pDRAV-3-LTCRF i ¥ fllpDIRE-iCre/Flp 5 41 i X{
JFORE 3L YL BIEGFP G418R Jurkat76 41 fitd 52 [ (I3 A)
P, PR 4 A KS JIRMCE A 5 A TCR 3 [ & 4
gL, Jurkat76 5 vg [ AERMCEJE [H & ¥ S WS dJs
281 W) 3R TR (&I13B), AT LLL B 295% ) 41 i 4k
1XCD3% 1, GFPR Ik kb 22 K L82% /A, ik AR M,
W B 9 e R . 0 iE6~10 dJi5, EGFP™ i) 41 Jitd 3%

N A Y
o o o O

GFP percentage (%)

(=]

DO D2 D4 D6 D8 DI10DI12

A RFEF16.11341 fi(Day 0, DO); B: 5348 hJi [116.11341 }fi(Day 2, D2); C: A 5 i) Jukat7641 fii(DO); D: % 548 hJr i Jurkat76 41 i (D2); E.
F: 16. 11341 028 1k 45 FRARRE S 2 AN 4 M s B G H: Jurkat 764 LA A ERE . ACLERIGA W] WG A BODFRTH A 2GR . ALVB.
E~HECKAEHUN 100%, CHID }200%. T: Jurkat7640 Jo % S il J: Jurkat7640 Juds 25 K: Jurkat7640 fuds 535, G418254 0 ik, MW\ o R

M0 dFNEE12 d GFPARIA TR, BE2 dAS I 1K

A: the untransduced 16.113 cells (Day 0, D0); B: the 16.113 cells after transduced 48 h (Day 2, D2); C: the untransduced Jurkat76 cells (D0); D: the
Jurkat76 cells transduced after 48 h (D2); E,F: the monoclonal cells of 16.113; G,H: the monoclonal Jurkat76 cells. The magnification was 100% for
A,B and E-H, while 200% for C and D; I: Jurkat76 cells before transduced; J: Jurkat76 cells after transduced; K: after retroviral transduction, G418 was
added into the Jurkat76 cells culture medium, from the day 2 (D2) to day 12 (D12), the expression of GFP was traced by FACS every two days.

E2 $*EVKEL £ NoxP-EGFPneo-FRT &Y £ 55 FE 4 Ay

Fig.2 Obtaining the single cell clones with one copy or low copy of retroviral integration
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(B) &) (D) (E)

051150 0.5]195.0 | 0.5 0 0 5.0 g%ﬂ

Isotype

D3 —— >
H (=}

95.0

MAGE Al tetramer

GFP Isotype
F) .

TCRap

e

100 1

o0
(=}

CD3 expression (%)
N

GFP percentage (%)
N
S

2 40 o
0 20.
pDRAV-3-LTCRF - + + 04
pDIRE + - + DO D2 D4 D6 DS DIO

A: G418 Jurkat76 41 [ v b 1040 FRAS I 25 L, 95% LA L) 4i iy GFPRAE; B: Jurkat76 5% 50 [ /1 Dual- RMCEA I TCREL M B 465 dJ, nf W4y
5% B RILCD3 Sy C: W AL 10 )5, Jurkat76 40 il 56 42415 CD3, ANKILGFP; D: [F] RN f; E: MAGE-Alys-HLA-A2% R 14
Yeth; Fr AIRMCE RS 50, I AT SR04, %64 Turkat76 5 b 40 BIEAT A% 5065 G: WMl Jurkat76 5450 f GFPIFI £ A

A: G418® Jurkat76 monoclonal cells were measured with flow cytometry, all cells expressed GFP; B: after 5 days Dual-RMCE mediated TCR replace-
ment in the GFPneo monoclonal cells by transfected with the replacement vector pDRAV-3-LTCRF and recombinase-expressing plasmid pDIRE, 5%
Jukat76 cells expressed the CD3-TCR complex on the cell surface, and delete GFP; C: adding hygromycin 10 days later, all the Jurkat76 cells were ex-
pressed the CD3 molecule; D: isotype control; E: MAGE-A1,75-HLA-A2 multimer staining; F: the identification of the specificity of Dual-RMCE. The
electroporation experiments were carried out using different plasmids on the six Jurkat76 monoclonal cells. G: monitoring the GFP expression of the
Jurkat76 cells.

B3 TCREHRII
Fig.3 TCR replacement experiments

Wb R R ZWIEIEL0 d)S, Jurlat7640 58 4 K0k
CD3, NEIEEGFP(K30), X 3R WAFE 141 L EGFP
SR S8 A B TCRIE PR B 4. Ay K I Jurkat 7641 Jfd
TCRIFRIENE UL, HTCRPUAGL (041 iy, RIACD3 1
Jurkat7641 il 58 4> %15 H LK TCR, EI3DA LA
X ARSI TCR 7y ¥ e 7 1, HIMAGE-A1%
FARYa Y i, K ILTCREATE 41 i34 HMAGE-A1
BEPE R 40 B(EI3E) . R TR IRMCE S 5 (1) 26 DA 2
Boky sk, ATV T AL SEE, i MU E
#3514 (pDRAV-3-LTCRF)41. H Jin & 41 i (pDIRE)
HAVE WA+ A . W 2 RIGAE, R W
G R AEAE IS A % A RMCE B e S 44 (B13F), & #3%
HL) N 5% Jurkat76 5 v [ 40 i 46 S 56 F i X 4
A B A W M GFPY 2K A5 5L (KEI13G).
2.4 TCREE & AIUE R T A

5 IE 75 BEAE16.113 F Jurkat76 40 iy vp 33k 47
RMCE X i, FATTHPCRI; AT IDNA 7 B I B 4
TEARRIE v B OL R, BEHINAGA18X G 5 1)
A MR BEAT TR, 15932 v FE Y GFP G418 Jurkat76

A H(E4A). BN & 2 35 DU 0 e s 15 L TR
by, EFEDE ey, o] B Uk AR oy 5 DUIE TR
e, BRI, PCRAS A5 21) 5 e 0 A B 480 1) 4 4% s (]
4B). MG 3| s DUE S AL R PR, &
T A PR AR B L ) B 15 BI48A T B A i Rk . X048
AJurkat76 FeFERR Y, 764l bk 4 1 GFPAR I, fE
58 4 K ERMCE S S EGFP# i5 1 (45 oK
7R), X6k Jurkat7641 iy #UTCR-HygroBJt [K] £ 45 5
KA b, PCREGIIN R I A —454.2 Kb R/ P E it
DNA G (E4D), M74N16.11341 jg 50 & Bk, H 0L 5
1N SO AT 56 4% Jk R B 4 () 2R 2 (45 R AR R
TE J5C D B 4 (1) v B R b, Y PLRTP3 (& 48 5 A Y
HEIINE NG R TY . PCRES LM, B EE
RMCEA 2x tH310.7 Kby, 1 HAEHLEE 5 I TCR v
BA S LI — R Sk 4k atr, dE—HIEW] TRMCE
(PIUERFPERIERE S M (KI4E) o

3 it
TCRIERIVATT IR L it J2 B ya 40 i 2 2 4%
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10 Kb
6 Kb
4 Kb
3Kb

2Kb

1 Kb
0.75 Kb

© o (E)

10 Kb
3 Kb

1 Kb
0.5 Kb

A R HEAT BN 0 50 [ PR A GFP* G4 18R 41 g (VK IE /0 A1 Dy 2234 IDNAZY 1 b, w8 ) GFP*G418R Jurkat76, 4734 ) GFP*G418% 16.113); B:
AT 540 52 % PRI Dual -RMCE/TCRAN (UK & 40 A7 Az 723 IDNA%: T e bdE, Hhia) 5 Dual-RMCE/TCR Jurkat76, £714 4 Dual-RMCE/
TCR 16.113); C: 61"GFP'G418" Jurkat76 /. 3¢ B 41 it 3 ; D: 6 NTCRIE DM 45 5 [/ Dual- RMCE/TCR Jurkat76 L4015 fE &R . A~D: & HIPTRIP2{E
4514, 2.2 Kb AGFPneokii7, 4.2 Kb A TCR-Hygro4kl; E: 6 MTCRAE A E 46t 5 ) Dual-RMCE/TCR Jurkat76 541 i 5 5%, FHPIAIP3AE 4 514,
TCREE K 58 4 8 i 4 18 45417 240.7 Kb,

A: the genomic DNA PCR result of GFP'G418" cells, which were polyclonal (Left lane: DNA ladder; middle lane: Jurkat76 cells; right lane: 16.113
cells. PCR amplicon with the P1 and P2 primers is 2.2 Kb band). B: the genomic DNA PCR result of cells after Dual-RMCE; TCR-Hygro® Jurkat76
cells and 16.113 cells was polyclonal (Left lane: DNA Ladder; Middle lane: Jurkat76 cells; Right lane: 16.113 cells). Amplified with the P1 and P2
primers, the band is 4.2 Kb. C: six Jurkat76 monoclones before the RMCE; D: six Jurkat76 monoclones after the RMCE; A~D: chose the P1 and P2 as
PCR primers, 2.2 Kb band was GFPneo, the 4.2 Kb band was TCR-Hygro; E: to test the specificity of the RMCE, the P1 and P3 as the primers were
used, after RMCE a 0.7 Kb band saw in the PCR bands in all the six clones.

El4 TCRERE F#RAPCRITIE
Fig.4 Identifying the specificity of Dual-RMCE by PCR
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GUH AR RN . A T v IR S S A 2 R
JIHPUMIRTCRAEL IR, 251 S5 1 [H] ) 1 B o7
HH .0 (Max Delbrueck Center for Molecular Medicine,
MDC)#4 # T TCR-HLA A ¥ 1L /) il (ABabDII). F)
FZ/ N BB I B 2 1 — Z A0 w5 R IR e s
FEVEMITCRM . K3 L8 e 0 JsUks 5 PE TCREE D
T A S 7 A B N S AT AN, SR 5 g X v
TANMAE RSN ALAN D 18 ), [0 4 21 b Rg B R Y,
PATFRETCR-TH M e e vyy « X — ity SRmg fig
% SR ] IR, (H &, TCR-TH M y7 %475
SRAFAE — L)

S, RN TCR > 125 55 WIPE M TCR

(oB)E RS — 2 A%, WTRETE R A & [ A TCR > T
XA B e WA TCR A RIAAETAN R 1H b, AT RS
H5ABHPURS FEi5, P A S R RN 7R/
B A IESE T 25155 R BB I GVHDAE K. Ay
T v R IR SR R I EIE Y, Bunse 5221
FIRNAIFHLHEOAR, F Ty J5E (I TCREETTER, TE
J T R AR AME PR 5 P I TCR ) AT 40 i,
LU e GVHD I B i, (HRNAG AR IEANGE 5 4 3]
WIEPETCRIVRIE . L (AR e T ik 2 EA T+ 4
TCREEMEAHEET . 40 M A A4 N AN LLRK 1 3
BV g, AT LA G B TN M. 36 1 T 40 g
(hematopoietic stem cell, HSC)43 4¢3k [ 4H 41 g 75
W RR R 434 BTN it FE b, 748 A SE R 0 HE
W (allelic exclusion), Bl & FHE I TCRopIHE P A]
DA AR A TCRoHEFE R 1 FEHE . AR TE O
HE A TCREE BRI AT LAl P Y5 TCRIEE PR E 4, 530
KBS BTN M Rk e N AMJEETCR. i IX
— IR AE T4 R NTCRIE R ik A 19 3 8 o —
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PR PR TAN M, A3 nT BEHEBRTCRAES ey >k 1)
Y. Starck®5P7H I TCRAS A (THSC A Y, 145 &
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P9 i R p 5315 k1 LI 12 SR A S TR 7 1R i
PE(EDFL) T BB M F B4l ik & BRIk
YO AR L) AL (NUP9S-TOP 1), {E £ i 4 P K481,
A L2 v [ RS A 1 I

AR oK 6 W 2 FRATTH H, B S 9 /D TCRAE P 4y
Nl ] DR AR TCRIE DR VA T7 A7 E HI 9 AR AR
) . Ok ik, AN 7 T Dual-RMCEA T £ TCR
SN B RS, % RS REN P ST TCRIL K 22
B, 15 2R PR R S E M TCRE IR A I R, 7T LA
fiff PR TCRAE 0PI e S i 75 22 75 DL BENLERE 547 K 1)
RIVE R o 4R A5 DL )l i S 23 BE L3S &,
SEAHH A M e R EA T KRR, AR R4 i K

%, KLN1/10°, IXFERE BRI A2 B — Rk JihRs it
R PEMRTCR, XA 5 H MW FIGVHD. Dual-
RMCE /2 H 21 i /1 5 (1) 55 DR 41 v 00Ok TR 6 3
FoAR, R H B 7 B IIDNAAE 4 4 £ (lox P
FRTZ5)RE 0545 5 1k M 4l B 41l (Cres Flplig25) i 531,
I AT e 41 A 7] 45N DNA P BERY B B, 58
YU B AR P LA TV B AR v, 8 % AR R
A IR AL P AN T LLE B A ik AT
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FRTAZ 2 BEHLIE AN FE R o Pk i i e B AR J5
TR L At ot R ) O 28 AR B A A B LA P S %
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