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STIRALSTIR IR . & ok ¢ B AT BT i A VLR AR B AN R4 45 IX ( EGFR Tl 8 57 M Bo 1A ) e e AV B e ] A8 X
EGFRv Il scFv,726 bp ) &85 X/ ZEARIX( 213 bp ) FLHE4F( CD28 F1 CD137 AIEI{E 51X ,123 bp il 126 bp )R 52 (R K
FIRIEALF ¥ ( CD3( 4,336 bp ) K EGFRy I scFv-CD28-CD137-CD3¢( EGFRv IM/3CAR ), 7L A FL#% % 35 # & pCDH-
CMV-MCS-EF1-copGFP [¥] EcoR 1 Fll BamH 1 i 5, %5 4% 293T 4HiJfd 48 h )5 4R EUE 4, 5% Fl SDS-PAGE Fll Western blotting 467
EGFRvII/3CAR H)ik. % F: EGFRvIlscFv FIFER & ALY CD28-CD137-CD3¢ kM it # B FE M PCR PFE AL EGFRv 1T/
3CAR, BR il 1 PY VI J BE 43 F1 A DNA I 35 56 30E T 35 41 2R 7 51 58 42 IE T, Western blotting Jif FH#T A\ -CD3 ¢ 14445 0 2]
EGFRv III/3CARTE 293T 4 g ) 58 B Fh( M40 T i 24 58 kD ). & 4 NI EH & B 2 1K EGFRy I1/3CAR ik
AR, itk & PURSZ AAEM T 40 HEE 1174 7 e e S A 5% A
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Construction and expression of an epidermal growth factor receptor variant III-
specific, third generation chimeric antigen receptor

Ao Shimei'?, Wu Yue’®, Wang Chunrong’, Yang Yuxiu’, Han Shuangyin'*( 1. Postgraduated Department of Xinxiang
Medical College, Xinxiang 453003 ,Henan,China; 2. Central Research Lab, People’s Hospital of Zhengzhou University,
Zhengzhou 450003 , Henan, China; 3. Department of Digestive System, People’ s Hospital of Zhengzhou University, Zheng-
zhou 450003 , Henan, China )

[ Abstract ] Objective:To design and construct a vector expressing a human epidermal growth factor receptor variant [I[
( EGFRv I )-specific third generation chimeric antigen receptor ( CAR ) for potential use in adoptive immunotherapy of
cancer. Methods: An anti-EGFRvIl CAR, referred to as EGFRvII/3CAR, comprising the variable fragment ( EGFRy
M scFy ), hinge region/transmembrane region, CD28 & CD137 intracellular signal region, and CD3{ chain of a mono-
clonal antibody against human EGFv [l was generated and inserted in frame into pCDH-CMV-MCS-EF-copGFP EcoR1 and
BamH1 sites. The integrity of the resultant recombinant vector was confirmed by restriction enzyme mapping and sequence
analysis. For further functional integrity verification, the recombinant vector was transfected into 293T cells and the fusion
protein expression was assessed by Western blotting. Results: DNA sequencing and restriction enzyme mapping demon-
strated the sequence of EGFRvI[/3CAR was corret. Western blotting detected EGFRv Il /3CAR protein at approximately
58 kD in 293T cells transfected with the EGFRv III/3CAR construct. Conclusion: We have successfully designed and
constructed a recombinant vector expressing a human EGFRv [lI -specific third generation CAR, which may prove usefull in

further studies on CAR-based cancer immunotherapy.

[E€TB] EHFEARRERES T H( No. 81172415 ); B K TitZRHIFEE 4 % BT H( No. 201301010 ), Project supported by the National
Natural Science Foundation of China( No. 81172415 ),and the Scientific Foundation of National Health and Family Planning Commission of China ( No.
201301010 )

[1EEE ] B 1986 — ), 2 W & fF BT A B0E2E , E SR AEYIRIT IR R DS, E-mail: shimei0216 @ 163. com; {ALII( 1985 - ),
Lo TR AN TN A BN ST IR A R SY , E-mail : C_zzmay@ qq. como A KAL[RSE—EH

[ BfE1EE ] #WEN( Han Shuangyin, corresponding author ), E-mail : hansyzzu@ 163. com



+ 604 -

rp [ s A AT 47,2015 4 10 A ,22(5)

[ Key words ]

IR YT ( adoptive immunotherapy , AIT )&
R S IR T I T 2 — AR i B PR
&( chimeric antigen receptor, CAR &/ T 40 ot —
AR T OAIT RS 2L, o i A8 3 A ok BT 1 A
B CAR &7 T —RE =K R, 5 AL
S F 1958 =A% CAR W7n R4 19 Bt i 8 2
SR AR B T4 A R AL 1) 2 e
PR T2 SR AR AR B AR epidermal growth factor
receptor variant [l , EGFRv Il scFv VP = A
AYUFRZ K EGFRy Il scFv-CD28-CD137-CD3 ¢, JITH4
R RIREUA CAR &M T 40 L Y IR e 236 7
P T SRR

1 RS

1.1 EZEBMA

EGFRv Il scFv( EGFRv Il HA 4% 477 {4 3t 4 ) Al
293T ZHAEC AR A PR ) B AS 200 38 IR A7 . #ldk
pCDH-CMV-MCS-EF1-copGFP 14 [ 26 [ SBI A #],
BRI N YIRS BamH 1 \EcoR 1 & Pfu DNA R4
% 3 i K Fermentas A5, T4 DNA Ligase \DNA i
SR & 52 9 TR K% ) A FRA ], PCR
FEIAiAIR ) & BORL DNA /N RO ) &l [ 2
B EHEARCHM ) AR F, PVDF G A T
Milipore 235, BT A CD3¢ Fidk . 2EHi Bl 1gG/HRP
PRIy B 22 [F Santa-cruz 23 7, Lipofectamine 2000™
I H 2 [ Invitrogen 23 H) o
1.2 Hinge-TM-CD28-CD137-CD3¢ #9i% it

CAR %8 88 X ( Hinge ) F1ZEBEIX ( TM ) K H
CD8a( aal35-205, GenBank : BC025715.1),CD28 /iy
M55 X( aal80-220, GenBank : BC112085 ),CDI137
JfL N 15 5 X ( aa214-255, GenBank: U03397. 1) &
CD3¢( aa52-163, Genbank: J04132. 1 ), Hinge-TM-
CD28-CD137-CD3¢ FKIKHE( 792 bp ) B s % H A=
Yy w) i I B A A T A o
1.3 EGFRvIIscFv 5 Hinge-TM-CD28-CD137-CD3{
Bt & & a by PCR #H42

EGFRv [l scFv( 726 bp, VL-linker-VH )i 4" 14 5|
Y. Fl: 5-GGAATTCACCATGGGATGGAGCTGTAT-
CAT Hl R1:5-TCGCGGCGCTGGCGTCGTGGTTTTGA
TTTCCAGCTTGGTGCCA-3; Hinge-TM-CD28-CD137-
CD3¢( 792 bp )WY 5149 F2: 5-TGGCACCAAGCT-
GGAAATCAAAACCACGACGCCAGCGCCGCGA-3 #i

chimeric antigen receptor; adoptive tumor immunotherapy; EGFRvIII
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R2: 5-CGGGATCCTTAGCGAGGGGGCAGGGCCT-3,
TR Ry BRI N DDA A PSSR B ik
H& JEfif PCR( splicing by overlap extension PCR,
SOE-PCR )i% #. 10 ng #lifb () EGFRv Il scFv Al
Hinge-TM-CD28-CD137-CD3{PCR =¥, i Jc i &
SR :94 °C 3 min;94 C 1 min,63 °C 30 5,58 °C 50
s,72 °C 1 min,2 ME; ZJ5 IMASMRG1H) F1 F
R2,4%11 94 °C 1 min,63 °C 30 5,58 °C 50 5,72 C 1
min,5 MEH; fJ5 94 °C 1 min,63 °C 30 5,72 °C 1
min,23 MEF. PCR ¥ 1% BUIEHEEE R K
Bl 1 518 bp A B 318 EGFRv Il scFv/3CAR 42K
FH .
1.4 EGFRvIlscFv/3CAR Ak ik H 4k

# EGFRv Il scFv/3CAR B PCR 7=4J 300 ng Fl
HF IR AR pCDH-CMV-MCS-EF1-copGFP 500 ng
M EcoR 1 F1 BamH 1 WY, 1% 35 s b 56 v UK IS
[ EGFRy Il scFv/3CAR FI#EA H B, SRJG 716 C
THEEHERN 12 h (EAARF 20 wl, Hrb EGFRv I/
3CAR 5 pl, pCDH-CMV-MCS-EF1-copGFP 2 pl, T4
DNA Ligase 1 ul,10xBuffer 2 pl,ddH,0 10 pl ). 2%
JE HEZASTE DHS o 2N 75 85 2 Ptk LB AR ik
P 7%, SEEUTOR: DNA J5 3547 4 A 1, %6 72
FLHHAR( pEGFRvIT/3CAR ).
1.5 Western blotting % EGFRvII/3CAR # &4

26, PR BT IAYE H 240 40K pEGFRVII/3CAR #% 4
293T 4ii g, ¥ pEGFRv II/3CAR 5 ug. Lipofectamine
2000™ 10 pl JEIfL7E DMEM 250 pl 5242 IR A1 A HE S
min, ML 55 Z A BE T8 90% 1Y 293T 4ilfifY 6 FLAk
o, 48 h Ji SSE A A IS P B0 B ETE 8%
SDS-PAGE #4#% PVDF Jii£, Hii T A CD3¢( 1: 500 )k
—Hi FFHUR 1eG/HRP( 1:1 000 ) — i, ECL fb2: &
Sk B A5, % pCDH-CMV-MCS-EF1-copGFP 25 # 14
BEL 293T 21 fita A B XS B, AL UL 293 T 4iifidh2s A
PO

2 & R

2.1 AR LA EGFRvII/3CAR #45#
EGFRvII/CAR i HIAM i R0 X B X 25
DX L PN A 5 DX R i B A KR 5 5E IX 0k A
CD8a( 207 bp ), Ml A7 5 X by H il 38 43 F CD28
(123 bp ) .CD137( 126 bp ) Fll o5 37 R i 2 1R 16 Ak
7 CD3¢(336 bp ), &5 v Br 2 (] #3812,
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o A R R 5 R JE il i SOE-PCR 5 MR EEILE 1, Fie{E 5 I N 1gGk #5( 63 bp ),
EGFRv Il scFv#f42 1l 52 24 ) EGFRv II/3CAR, H: 45 HAryEER 2K M 1581 bp.

_I EGFRvIIl scFv Hinge ™ CD28 CDI137 CD3g —

726 141 66 123 126 336 bp
] ] ]
| 1 |

Signal peptide Extracellular region Transmembrane Intracellular region

Bl1 #&#H/EZE EGFRvII/3CAR HEHTER
Fig. 1 Schematic representation of chimeric antigen receptor EGFRvIII/3CAR

2.2 EABARG B BN A

F4 # /& pCDH-EGFRy /3CAR % EcoR 1 Fl bp(<10) 1 2 3 4
BamH 1 XUBHY) % 2 DNA F B, B =90 1% B ig:
BB HL K , 7T UL 1 581 bp F17 700 bp £571( [F 2 4 6
414 ), 5 HMHKE EGFRv I/3CAR F# & pCDH- :;
CMV-MCS-EF1-copGFP f) K/h—%., £ DNA il ¥ 0.7
I3 B3 ) R ST A58 4 — B0, RV EH b

& pCDH-EGFRv [l /3CAR HJEE R Y]

2.3 EAHEM pCDH-EGFRvII/3CAR & &k 2 EGFRVII/3CAR Sk % s
Western blotting Kl 25 52 ( #] 4 ) i 7, pEGFRv Fig. 2 Confirmation of EGFRvII/3CAR

I /3CAR $% 941 293T 2t L k6 il 31 24 58 kD A9 25 by enzyme digestion

FRIA , SRR ARXT o3 B — 3, B IR A 1:DNA Marker;2: EGFRvlll/3CAR;

PG A A U 381 1 R 1 3k, 3R Wi A P R 32 4K 3:pCDH-CMV-MCS-EF1 -copGFP;

EGFRv I /3CAR Y Ih#E ik, 4:pCDH-EGFRv I /3CAR enzyme digestion

GCGCGTGGGACGGCATCCACGCTGTTTITGACCTCCATAGAAGATTCTAGAGCTAGCGAATTCACCATGGGATGGAGCTGTATCATCCTCTTC
TTGGTAGCAACAGCTACAGGTGTCCACTCCCAGGTGAAACTGCAGCAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGCGTCTCTGAAACTC
TCCTGTGTAACCTCTGGATTCACTTTCAGAAAATTTGGCATGTCTTGGGTTCGCCAGACTTCAGACAAGAGGCTGGAATGGGTCGCATCCAT
TAGTACTGGCGOTTATAATACCTACTATTCAGACAATGTAAAGGGCCOATTCACCATCTCCAGAGAGAATOGCCAAGAACACCCTOTACCTGCA
AATGAGTAGTCTGAAGTCTGAGGACACGGCCTTGTATTACTGTACAAGAGGCTATTCTCCTTACTCTTATGCTATGGACTACTGGGGCCAAGG
GACCACGGTCACCGTCTCCTCAAGTGGAGGCGGTTCAGGCOGGAGGTGGCTCTGGCGOTGGCGGATCGGACATCGAGCTCACTCAGTCTC
CAGCATCCCTGTCCGTGGCTACAGGAGAAAAAGTCACTATCAGATGCATGACCAGCACTGATATTGATGATGATATGAACTGGTACCAGCAGA
AGCCAGGGGAACCTCCTAAGTTCCTTATTTCAGAAGGCAATACTCTTCGTCCTGGAGTCCCATCCCGATTTTCCAGCAGTGGCACTGGCACA
GATTTTGTTTTTACAATTGAAAACACACTCTCGGAAGATGTTGGAGATTACTACTGTTTGCAAAGTTGGAACGTGCCTCTTACATTCGGTGATG
GCACCAAGCTOGAAATCAAAGAATTCACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCC
CTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCECAGTGCACACGAGGGGGCTGGACTTCGCCTGTGATATCTACATCTGGGCGC
CCTTGGCCOGGACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCACCCTTTACAGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACAT
GAACATGACTCCCCGCCGCCCCGGGCCCACCCOCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAAACG
GOGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCC
AGAAGAAGAAGAAGGAGGATGTGAACTGAGAGTGAAGTTCAGCAGGAGCGCAGAGCCCCCCGCOGTACCAGCAGGGCCAGAACCAGCTCT
ATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAA
GGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCC
GGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCT
CGCTAAGGATCC

B3 EGFRvII/3CAR iJ DNA JUF 5 #ff
Fig. 3 DNA sequence analysis of EGFRvIII/3CAR
Underlined is restriction enzyme sites. The order of gene fragments is signal peptide-EcoR]-scFv -Hinge/CD28/CD137/CD3§-BamH]
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EGFRvIII/3CAR
(58 kD)

-_J]‘;":ﬁr|
(42 kD)

4 EGFRvII/3CAR 7 293T ZHiHI R X
Fig. 4 Expression of EGFRvII/3CAR in 293T cells
1 : Untransfected 293T cells;2 : Transfected 293T cells

3 3t i

PL CAR &4 T ML FCER 1Y AIT 37 5K i 42 /&
TR ARFE RS T 240 M Y B 1] Pk R 3 1k AR AR TR
IV 72 G0 0 P g v A T 4 A IRAS IR 7 3R
2 T 5 BT CAR S5 MY 7R AR B0 . 3 52
NI PR 36 P A B A 45, ek EUR ek
TR A 2T MR S A P U T R BIR T
B
55— CAR H M 83 AH OC Bt J i) 2R 4% it 1A
( scFv )FIGPE 52 IR I SRR 16 AL 557 ( ITAM )R L, 7%
ST A0H S ST T X R A B ) R e e (H S A
PEABR. RS T 400 5 1k i BUE 5 R B, 55 AR
CAR 5l A T il 53+, tn CD28 .CD137( 4-1BB ).,
1COS 45, LAKEIN T 40 ML R itk e At o A7 iF
G2 @R BRI 4 T A9 58 =40 CAR fEuE
— LR T 0 A 1 BT P | 0 B R A T ]
o RIS =AU A PR SZ /K EGFRv T/
3CAR, HFAEEH A EGFRy Il scFv  B05% X 5 IR X I
A A5 5 X LA, Hf EGFRy [ scFy &3 T i
AL AT IAE ] Y EGFRv I A/ Nt A4 minibody ), LA
RSN -5 G e i S PR EGFRy I, BC6E A
X K A CD8«, H HIl ¥ 4 + CD28 . CD137 Al
CD3¢ HEF% 2k H AN B DI 8 X . EGFRy Il scFv #1
CD28-CD137-CD3z FE K Fr Bt i SOE-PCR 5L %
2, DNA W deb 7 35 DRI 235 g B 378 42 5 L AE 1, West-
ern blotting 0 1IF T 2K A 1 58 8% . EGFRv I/
3CAR MHE ) XA TEPE IR T5 2 T 40 i 2 1 (1) e 15 A1
IREASIN . CD28 1EIF S TL- 2 35 e T 40 4)
AL RIS R S IAE 0, CDI137 25—
T 20 3 T ) E 2o, X T 345 A A7
EEREEN, o HxHO Iz A T 40
EGFRvIIJ& EGFR iz UL — g8 AR 1A, 72
52 I 96 ARG At o 98 v 22 38 2R AR e 1 Mo e e M e
JEL 2 B VR 42 S R A S, A2 T

PR R VA7 1 3 1 A AR IR 5y i Je IR
SEEMENRE Y CAR B T 240 M S e ihy T S 4t T 5k
fiy, 2 — 2 AP T PERF S IEAE AT
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