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# E:. BB A CRISPR/cas9 HARMAZA CD19 4 Raji-Luc #h B G @, JF3t i o0k kit it A AT FIie, 77
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Abstract: Objective To construct Raji-Luc lymphoma cells with CD19 knockout using CRISPR/Cas9 technology and
preliminarily validate their immune escape ability. Methods PB-CRISPR-CD19 small guide RNA(sgRNA) plasmids was
constructed, the optimal sgRNA sequence was screened, and Raji-Luc cells with pCAG-PBase, PB-CD19 sgRNA, and PB-
CRISPR-Cas9 were co-transfected. Stable knockout monoclonal cell lines were screened by flow sorting and limit dilution
method and the knockout effect was verified through gene sequence testing. The expression of luciferase on the surface of the
cell line was detected by microplate reader, CD19 CAR-T and CD38 CAR-T previously constructed in the laboratory were
used as effector cells, and the immune escape ability of Raji-Luc CD19 KO cell line was verified by universal luciferase
chemiluminescence method. Results The transfection efficiency of Raji-Luc CD19 KO cells prepared by electro transfection
was high, and the knockout efficiency of the two monoclonal cells was more than 99%.There was no significant difference in
luciferase expression compared to the original Raji-Luc cells, and CD19 CAR-T cells could not be activated to the kill them.
Conclusion Successfully constructed Raji-Luc CD19 KO lymphoma cell line.
Keywords: CAR-T; CDI19 KOj; electro transfection; lymphoma; CRISPR/Cas9
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PISMR A B 4R . 5k B 405 s v i 2R
i1 (follicular dendritic cells, FDCs) |,
TE B 4 A 52T e 2 oAk Ry 2 A B iR 6 A i F vp
A s Y, HE RN, KEH B 4
BHE M CD19 BN IEH £ /K.
I, CD19 & B 40 A e vh fe B ZE BT 2
—, BHEImEPIRZIE T 4H ( chimeric antigen
receptor T-cell, CAR-T ) XJHT NHL A1 B 4il fg A 1.
5% ( B cell leukemia, BCL ) A 75 SR AR &5 7 4R,
2 60% 097 5 B K R E I A 25 B CD19 %
Kb a4 Y, By, REPL CD19
CAR-T 4HI7ERYT B A0S i 5 R 3%
HRIT R 4w IR R RS, g e &
) R R S kg o O Rk, TR —Ap
REMEAL I CAR-T yRYT 2L B rp Aoy ik 0 52 14 240 it
FEFY L F A OIS . Raji E—FhAEE & Wk,
EET BIKE 41, H CD19 fil CD38 S AU H M
5, H R SO 20 B A 7l AT A vk R A DG A
g% M. A BF 9T 38 #F CRISPR/Cas9 # A, ## T
Raji-Luc CD19 KO 41 Jfd, hy Ji5 S2 ¥ 2 W] fifg P
CAR-T A7 T-He i S ie pb i it = Az 1 i Jeg 52
SR IR T AN, IR RS E TSI LR

1 #RFAE

1.1 AR %

11,1 4iffd: Raji-Luc 40 M0 F bt 2 ik 4 Y4
ARAEBRAE], TWAREDRIRIRAE

1.1.2 0 Joki: % A UG ikl pCAG-PBase,
PB-CRISPR-Cas9, PB-CRISPR-sgRNA ¥y [ 4k
W K2E S RAAZITE T 20 COKAR H R IR
12 B LKA RPMI 1640 }i 55, AIM-V 1
SR, PBSHR . BHEE-#HRIEW. PR
WUIEG, T4 EH:E. B, BERHEIY) . &M
P, S8, Z R EEE. DHS o B2 40,
50 x TAE A . DNA marker FIZE S ( Jb o 22
FIPERT A BR AT ) 5 BEESGRH & ok /it
Flér . BB K HEI ] & DNA 4lifbif & (7 st
EMERR A PR I A BR AR ) 5 FBS BRZRIyE (b
W EHEBAEYRHABRAR ) 5 7-AAD Bk, PE-
MYC #if& . APC anti human CD19 Hi{A#1 FITC anti
human CD38 Hiif& (IRINTT AR A YA B A1
FRAEDD .

1.3 3oy ik

1.3.1 #4 # PB- CRISPR-CD19 sgRNA i ki: 7F
NCBI ¥ 3% L “CRISPR/Cas9 CD19 sgRNA” Jy
B AT AR OCSCRKR R, -l IDT Wb I off-
target LA} on-target, % HRFT 0 fh i 2K A0 I0T Y
PEPEAIE Y sgRNA JPA1, Wk 1, B EERVEY# T

FUIE R, KA T R BOR JOR TR 4 H Y
hB, ¥ B R B 2l Ak 2/ CRISPR-sgRNA-
vector 7E 16 CTE IR %14 T R H T4 &4 12h, 4k
BIRZBRGBARIRY KR, SRETR T

lE
*1 sgRNA R EF3I%
% T J¥ 51
CD19-sgRNA1 5’-GCTAGGTCCGAAACATTCCAC-3
CD19-sgRNA2 5-GTGGAATGTTTCGGACCTAGG-3

(D19-sgRNA3 5’-GAGAGCTGAAGGACGATCGCC-3

CD19-sgRNA4
1.3.2  Raji-Luc 415555 : S I3 Raji-Luc 40,
T 37°C, Sml/dl CO, 41 il 15 7% 46 H JC i 55 7%,
48h F+% 10g/dl FBS A9 RPMI £5 72 A& —k, ffi
FERREEE N 5% 10° A /ml, 595 2080k KT
133 fif il sgRNA 51 : f Raji-Luc 4l il 7
a4, B 1x10° 4, 45y 44k sgRNAT,
sgRNA2, sgRNA3 il sgRNA4, 300g &[> 5 min,
7k B, IMATCILYE RPMI B3k B, fdiim
A pCAG-PBase #% Ji fif}, PB-CRISPR-Cas9 J% PB-
CD19 sgRNA Fhis% 4ng, IRAEHER E LM T
KA SR RAL, PPt KS62 il it gy, W
AR A E T REFRAERRE 30 min S 2212 AL
S . MFEYe 48 h i, BOERHEFEE 4 4900
A B 55 1) JEL IR Raji-Luc 40, 400g 5.0 5min,
LB L3, FHIGfE PBS PEVRANM, 250, KBRS,
A I Y 0 2% v TR 41 9, APC anti human
CD19 AP ROEYL S 1h, Y25 i A PBS
YRR ANE, Ba0)E R PBS BRI SRS
il CD19 FIATEL
1.3.4 HF4Y: PB- CRISPR-CD19 sgRNA1 Jii ki il £
Raji-Luc CD19 KO 4 ffl: HX 1 x 10 4~ Raji-Luc 4
Ji J5 W B, 350g B0 8min, FE [IE, MAEGAH
sgRNA1 HLFE Uk (9 TC I 78 RPMI K5 3R . R
A AR B EAY, e K562 A b AT it . iy
UK A E TSR AE RS E 30min Ji5 S22 IS
M7 o
1.3.5 P4 A I H 2 QL R0 I i e A e m bR
H LR AN B bR : ALY 48h 5, BUS S
1 Raji-Luc CD19 KO 4RI FIA HL % 1Y 4f Raji-Luc
4L, 400g &0 Smin, APk i, A& PBS
WA, B, ABR LW, 43l A 2g/dl FBS-
PBS Juta g mhi AN, Jf A A FITC anti
human CD38, APC anti human CD19 1 7-AAD i
APriE LY 1h, s g5 A PBS YEi& 40

5’-GCAGTCCTATGAGGATATGAG-3’
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Jitd, B0 JE H PBS Higk,  FH Ui A A SRS A4t e
3, o 7-AAD-CD38'CD19™ (143 BE % H
PRAmME, FEATI 0, R ok I 0 4 A PR R
2.5 /ml, £ 96 FLAR H A FL N A 200 w1 i 3£
TR, K 96 FLAR P Y R v R A M BR R AT
KEEFR, T HGE & 5 5w B 41 i P AR FITC anti
human CD38, APC anti human CD19 Yt ft,, L)%
YL 1) Raji-Luc 20 A A BHAYEXT IE X3 FLAG I Raji-
Luc CD19 KO #fiffiZ i CD19 F1 CD38 1y ik,
DLt 2 1 16 45 21 9 48 B2 A5 1 D) mBR 3R T CD19
Pl

1.3.6 4 R R DO CRE IR MR : 435I HUR
A4 Raji-Luc 4ifl . Raji-Luc CD19 KO 4ififl 2 55
TEl% . Raji-Luc CD19 KO 4] 20 SPATERESS 1 10°
A, WRIRBEERFE N 1x10°, 1x10%, 1x10°, 10
A /ml R0 T 96 fLE AR T, LA A A 100 1
Bright-Lumi™ &% & 2GR BT, S Smin
Joi ., SRR BRI, A% ZH A FLA R A AR X
KIAICEE (relative light unit, RLU) .

1.3.7 Raji-Luc CD19 KO ZH il 3 [X ¢ 5] #6304~
K 57 i AR 075 o %) B T A A B, 0l B
i J& 4 #Y Raji-Luc, Raji-Luc CDI9 KO 2 5. 20 5
BT AN R IOE N 4, LA AR AR 43 5] PCR 34
i CD19 B A 5 Bt. 51497 %1°8: FOR: 5-ATGCCA
CCTCCTCGCCTC-3’, REV: 5-ACCTGGTGC
TCCAGGTGC-3’, ¥ ¥ & /¥ H: O 94°C, Imin;
@ 98 C, 10s; B 55 C, 158; @ 68 °C, 30s/kb;
@@ @ 30Cycles. Hf PCR "4 p= 1y % 2 4 MR

ONFEEATINT
1.3.8 G FR WAL # KOG B E CAR-T Xf Raji-
Luc Fll Raji-Luc CD19 KO 4l A EH . B4k
K 1 89 Raji-Luc F1 Raji-Luc CD19 KO 4H i1, LA
8 x 10° 4~ /ml E4L 50 w1 (45 FERERD T 96 FLEAAR
YER AN . BGE 552560 % BT 6145 14 Pan-T L&
CD19 CAR-T F1 CD38 CAR-T 4l Jifd k2o At 1>,
BN = ALK . RO +Pan-T 44l . 040
Jifi +CD19 CAR-T #ififizH . #40ff +CD38 CAR-T 4
MOZH, AR B ERECLE A 151, 1:2, 1:4F11:8,
B =AM FL, BUEHE CAR-T Ml Pan-T ZHfif, AbFEE
BIEEE, 1E Lk 96 FLAR T RELINA 50 w1 CAR-T
e Pan-T 40fiE, & F 37°C, Sml/dl CO, it
FFh LR IR, K5 9E sh e, IR A AL A
1001 Bright-Lumi ™ %% K 8 2¢ Y6 2% BRI 3571
RN Smin J5, BEREALAE LRI, K45 4 &AL
0 i B AT E B7 (relative light unit, RLU) , it
BAGIRCR, WHAAR . ROBCR =1- (LKAl -
L)/ CRREEFL - ZSHFL) x 100%.
14 St F b L EHE R H GraphPad Prism
8 BT ERAFHEAT B TGO DA EL + Arifi2s
(x+s) Fon, ARHERA k%, P<0.05 b2

FAGET RS
2 #HR

2.1 . H#3E PB-CRISPR-CD19 sgRNA ik
J 45 R ULl 1a, #4215 DU 20 PB-CRISPR-CD19
sgRNA T KL 7 51 5 WU )7 91— 2, i 244 4 PB-
CRISPR-CD19 sgRNA Jfiki, FRika ik WL 1b,

a lCggtgctcgcttcggcagcacatatactaaaattggaacgatacagagaagattagcatggcccctgcgcaagga

JCGGTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGA

sgRNAI1

aagggcgggtacatgaaaatagctaacgttgggccaaacaggatatctgeggtgagecagtttcggeeccggeccg

sgRNA2

AAGGGCGGGTACATGAAAATAGCTAACGTTGGGCCAAACAGGATATCTGCGGTGAGCAGTTTCGGECCCCGGLLCE

A

\
360 350

gtttggcaagctagcttaagtaacgccattttgcaaggcatggaaaatacataactgagaatagagaagttcagat

sgRNA3

GTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGT TCAGAT

ttggcaagctaggatcaaggttaggaacagagagacagcagaatatgggccaaacaggatatctgtggtaagcag

sgRNA4

TTGGCAAGCTAGGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAG

b
PB-CRISPR-sgRNA

PB 3'TR

us [[SgRNA'] PBS'TR

a. 441 PB-CRISPR-CD19 sgRNA Fikill/ 7450 ; b. PB-CRISPR-CD19 sgRNA #4it /R &,
B 1 PBCRISPRCDI19 sgRNA FTHi#a%E i 1h
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2.2 sgRNAIL 5 7 2 R st i =X 40 i R A T B 46 Raji-Luc 20 il 531 2 58.96%, 65.81%,
g5 B0l 2, R 4R Raji-Luc 240 S CD19 55 ik &K 70.83% Fil 67.78%. sgRNAT [ ¢ 41 11 [i] P 4 o

H 98.52%, HL % YL 48h J5 sgRNAIL, sgRNA2, It H g Jund 5 AR et
sgRNA3 Fl sgRNA4 VY4 4 il CD19 fil) 2 1k R P MK
Raji-Luc sgRNALI sgRNA2 sgRNA3 sgRNA4
Raji-luc-C : P5 Raji-luc-sg1-12+140-0.2 : P5 Raji-luc-592-12+140-0.2: P5 Raji-luc-593-12+140-0.2 : P5 5.1 Raji-luc-594-12+140-0.2 : P5
§' P2(38.52%) P2(58.96%) P2(65.81%) 8] P2(70.83%) L P2(67.78%)
4(41.04%) f——-- 4(34.19% L - 4(32.22¢

count
Count
100
e

Count
Count

100
L

APC-H

CD19

B2 mXERaAR4 A sgRNA F4HMa % RajiLuc 4 CD19 BIRIEE
2.3 W 4% PB-CRISPR-CD19 sgRNA Jit 45 &% 7 41 1M CD38 KL IEH o HATHRAFE NG, PR
% Raji-Luc CD19 KO #m it 0 2% 20 i A 58 45 1 LAY CD19 FIXMKIHFRE B, H AL 40 M i 5%
UL 3a, i FRAR 5 0 BE A5 21 A4 o se B 4 ik o 2 SRR IEF] 99% L L (B CD19 B, CD38 FH
SHTERER 20 SRR T AN H CD19 Fikbids TR ) , WA 3b.

% B4 = KL P L p ke
a Raji-Luc 25 945 HL T i 20455 B[ 2845 BT [
Rajiue-C : P1 -2:P1 < Rajuc-9: P1 - Rajuc-20: P - Rajkhuc-28: P1
= Jo1-uLie 70% O1-UR(S4 53%) O1-UR(D.10%) T {oruLEize Q1-UR(92.24%) = Jo1-uLps s9W arur@Eosw| T JoruLpuwm Q1-UR(I6 44%)
=] ®] : =]
° 5 ¥ p 3
8 g—] §'21 £ §§1
£
21 4 Er %]
o, Q1LL086% QLLROSD| . o062 o1-LRE00%)| o [O1-LL055% OLLRO0IM| o Jo1LL0.00% 01-LR0.00%)| < |01-LLO.32% O1-LRO.01%)
- ) ) - =7 - vy e 2 e PR A o R - = Tvvmy ey
' ¢ 1 10t 10 Tyt a0t 100 10t a1t 100 100 100 10 1F 10 00 g 100 10t 168 w10 100 g 10t e
APC-A APC-A APC-A APCA APC-A
i L =1
Raji-Luc 25 TR 205 [
b -‘2 Raji-lue-C . P1 - Raji-lue-2 : P1 - Raik-luc-20 . P1
@1-UL(1.48%) Q1-UR(97.58%) ~ fa1-uLEe 62%) QI-UROA1%| T Jo1-uLEa71%) O1-UR(D.04%)
29
(-]
o < < -
a g% 8% 0%
£ E 5
Q
gl ® %
™
01-LLE.86%) 01-LR@.08%) 4 ¥ - X
LY T i plovten | auresw) o Joriess | orseos)
R L L Y L T A T Tt T
APCA APC-A APC-A
APC-CD19

a. CDI19 7R 41 B e EAIA R i AU A B0 ; b, RFEE Jhn B se BEAN AR & 1T CD19 Ay kil
B3 R AREN Raji-Luc CD19 KO B EMAAREE HRILER
2.4 Raji-Luc CD19 KO %7 it 5 J& %4 Raji-Luc %3 i EZERRBEET /N BRER, WA %
89 3R B A LA SRR RN 25 S UL IE 4. CD19 & Mt I (1) 2R A0 LT b
2 5 PA BT Raji-Luc CD19 KO 41 it F1 20 5 8o v e Rne
Raji-Luc CD19 KO 4iiJifi 5 it Raji-Luc ZHifLAH LLo

-+~ Raji-Luc CD19KO-2ng
-#- Raji-Luc CD19K0-20Nng 4ns

B ‘ B "
%%%%‘%iﬁ%ﬁ‘%%i‘f‘%%xo % -+ Raji-Luc
25 # %[ Raji-Luc CDI9 KO CDI9 a ik @i = |

o 0 '

f R AR PSSR LK 5. Raji-Luc CD19 KO 2 . P ———
S ERETE CD19 JE AL KA T R Btk 252k 2k R
Raji-Luc CD19 KO 20 “5- i 5 b 4 Jf b 11 3L (5] )7 91

B 4 Raji-Luc CD19 KO #BAE &3 S E BN
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CD19 KO-20

Raji-Luc

CD19 KO-2

Do oo =) ot e Yot
TCTTTGTCTCTATTTATCTCTETCT I TOAGTCTCTATCTCTCTCCCTCTCCTORETOTCTRYGCATTTERTTCTOOGTCTCTTCCCAGOOEASCTOTTCCOGTOOAATETTTCS

T TT T CTATTTATCTC TR TCTTTAGTCTCTATCTCTCTCCCTCTCCTERETOTCTRYGCATTTERTTCTEOOTCTCTTCCCAGEOOARCTOTTCCOTOOAATETTTCS

TR ET T CTATTTATCTCTETCTITOAGTCTCTATCTCTCTCCCTCTCCTOGGTOTCT!
FTCTTTGTCTCTATTTATCTCTETCTTTEAGTCTCTATCTCTCTCCCTCTCCTORETETCT

okl

iy
W,

5 JREA Raji-Luc 45 CD19 KO 55 b 4H b £ [F 5 5 % b

2.6 Raji-Luc CD19 KO %0 iR 438 & 33 5 49 CAR-T
mpe AR ZS R R, SRS PR R
CD19 CAR-T #il CD38 CAR-T il it ¥4 i ¥4 W 5. 411 it
IRE, SRR 72.4% 1 72.9%, VLA 6a.

PR BN E R OIBCR LI EE R R, S04k
Raji-Luc 4f g i}, CD19 CAR-T 5 CD38 CAR-T 4
MR RE A, FLOA 58 T Pan-T 40ff, 2257 H

CD19 KO-20

L |

Raji-Luc

CD19 KO-2

G125 X (3405 ~ 3.771, ¥JP < 0.05) ,
VLI 6b, 4 #4H i  Raji-Luc CD19 KO 4 g i},
CD19 CAR-T 4l if1 55 Pan-T 4 Jifd it 3% 13 fiE 1 4H 24,
CD38 CAR-T #5758 J1HH 58 T Pan-T 4L AN
CD19 CAR-T 4ilfif (=5.428 ~ 6.804, ¥J P < 0.05) ,
UL 6c. iz45 R W EBR CD19 Y Raji-Luc 21 il bk
ANREGH X CAR-T AT 2407

400K [T 00k =
a L L
g 200k [~ ; 200K -"
T [ T I
g | g |
o CD19 CAR+ ° CD38 CAR+
724 729
102 103 104 105 102 103 |04 105
FL2-H : PE-H FL2-H :: PE-H
80 C 80 _
b -»- Pan-T - PanT——J fik
60 | .= CD19 CAR-T I* 60 |- = CD19CART |*
= -+ CD38 CAR-T] ns=g -+ CD38 CAR-T
®
w4or ~_';40 -
2 =
IR 20 |-
0 1 1 1 1 0 5 L 1 1
11 12 1:4 1:8 11 12 14 18

E/T Ratio cocultivation with Raji-Luc

E/T Ratio cocultivation with Raji-Luc 19KO

a. CDI19 CAR-T #l CD38 CAR-T ({55 4% ; b. CAR-T 4ifE%} Raji-Luc Z0MIAAGRARAHEI ; ¢. CAR-T ZHfI%} Raji-Luc CD19 KO 44

B Vi et (g il 8

6 CAR-T A RajiLuc & Raji-Luc CD19 KO AR 321550 4l

3 iFig
CDI19 J& Tk (immunoglobulin, Ig)
BFRIE L, 7T 16 S YA RMEE - (16p11.2),

TEVET B R AR e RS | s Ao i 4 it 3% 1 52
R E S S BE P ERAEE EEA/ERH . ENGEL
4 81\ BYRFgY 3 H CD19 Bk e 2 /N AR Il
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WRELZHZU B A0 p S B B>, B Aiifxd A 24
Sy ST R BRSO B SR REAIR, I S e BR AR KT
g E R, iRk CD19 A/ BRUZE B 8610 B 41
MLk E HAEAE T R R BREG , A 225 OG5, I
T RPERRE KT o

it 4F 3, $i CD19 CAR-T 41 fil £ 6 97 B &
oy ME 3A PE 2Pk B bk 40 Bt I ( B-cell acute
lymphoblastic leukemia, B-ALL ) FlE 2 & 4k 12
8 (NHL ) J5 iU 1 PR i fs A i e 28y 1
HHTA 700 22 WA DG I K49 78 Clinical Trials.gov
rVEE, Hod 41% £F%F CD19, PAN 25 U7 A 351,
TEHAPL CD19 CAR-T i A6 i R oA A 2k
LB 3 T CD19 B ki sl 6k T, &
9% I, RUELLA 28 " AZEIG IRIFSE 2
K, —B B-ALL #7852 51 CD19 CAR-T 4l
MIEA 19 RJgwIEMHE2E T 8e2% i, HERITE
55261 RPN & K RZHT, mBER LR
B4 1 ML 0 S S 3R T CD19 CAR, Joikfsiil
F| CD19 ik,

PRI G R I, 0 EFRAT T RS anfuf fifi
CAR-T 4 a7 i Jed 40 B e Ji 25 2% S5 T SR L
AU TR AE L ™Y, ZHAO
45 PO\ JF R T —Fh B CD19/CD22/CD3 = 45 5+
PEBUAR, FH T o IR i 9 G 92 2k 3% X CAR-T 1Y FR
fil. DAT % P ACH T ik CD19 it J5 2 2% 1 1 il
Jibed &2 % (g AE O, BT T —Fp [ CD19 A1 CD22
B OBURE 571 CAR-T 4L H Ti6 97 B B-ALL, &
M, 76 FRAIFS Y, SO0 R AT L SR
CAR-T 5 Z#H0J5 CAR-T X [\l — g 41 fs i 5 i 1
BLRKE CAR-T Xt T g i AR SME TP B, FFA
I = CD19 Bt 525 2k i i eg A R E A T L4 56
UE, ASHFSE BT H EE Y Raji-Luc CD19 KO 4 Jfi 1F 2
RS HRAE T AT DA BRI AR S R, A
SEWFR A A TAN IR AR TR 42

CRISPR/Cas9 J&4k ZFN, TALENs 45 3 [ 4 4
FARMEH G S =R R AR, EIEFEEA
FEDRI R L 3 2 A A5 Ty T B PR e s R
VT4, CRISPR/Cas9 4% At 4 i FH T 4 22 4% F
20 2R DL L AN [ U AT, ek TR 2 A
F B R v JC Ik v A TR B BN BE A B
i i CRISPR/Cas9 % 4¢ A4 7 T il i AMPK « 1
[ AS549 1 HA60 JifiJiz 4 i 09 40 bk, A s ZEmik 5%
AMPK o 1 X fifides (9 £ e AL i $2 41 T 4 g Ass AU
JSE CRISPR/Cas9 TEME 167 iF5E T s G
FIRTEL, (H BRI DSB I35 3k K] 4 45 1o 72 ] R 2>
MR 2 4, LR BB B BE ALY AT BE 23 7= A8
FOFERIRL, Hoh— e n] fE 2= A e Eom i AR 2,

TEAMEGE R, i % e 3 19 sgRNA #K % T CRISPR/

Cas9 FURLRRACREA — BB AL, R 0 16 5 5o fae

DAL HE DR P g ok 7 RBRBERLYE B TRD . 5 ELAE R

BR CD19 el AN 4 B AR 9Ot R BERE R 0k

X W JE SEAE S S O IR AT AR A T

Ko B

SE k-

[1] ZHAO Huayan, LI Shenglei, WANG Guannan, et al.
Study of the mechanism by which dinaciclib induces
apoptosis and cell cycle arrest of lymphoma Raji
cells through a CDKI1-involved pathway[J]. Cancer
Medicine, 2019, 8(9): 4348-4358.

[2] MOLETI M L, TESTI A M, FOA R. Treatment of
relapsed/refractory paediatric aggressive B-cell non-
Hodgkin lymphoma[J]. British Journal of Haematology,
2020, 189(5): 826-843.

[3] LIU Yingyue, ZHOU Xiangxiang, WANG Xin.
Targeting the tumor microenvironment in B-cell
lymphoma: challenges and opportunities[J]. Journal of
Hematology & Oncology, 2021, 14(1): 125.

[4] SIEGEL R L, MILLER K D, WAGLE N S, et al.
Cancer statistics, 2023[J]. CA-A Cancer Journal for
Clinicians, 2023, 73(1): 17-48.

[5] XIA Changfa, DONG Xuesi, LI He, et al. Cancer
statistics in china and united states, 2022: profiles,
trends, and determinants[J]. Chinese Medical
Journal(Engl), 2022, 135(5): 584-590.

[6] ZINZANI P L, MINOTTI G. Anti-CD19 monoclonal
antibodies for the treatment of relapsed or refractory
B-cell malignancies: a narrative review with focus on
diffuse large B-cell lymphoma[J]. Journal of Cancer
Research and Clinical Oncology, 2022, 148(1): 177-
190.

[71 KANG C H, KIM Y, LEE H K, et al. Identification
of potent CD19 scFv for CAR T cells through scFv
screening with NK/T-Cell line[J]. International Journal
of Molecular Sciences, 2020, 21(23): 9163.

[8] SPIEGELIJY, PATEL S, MUFFLY L, et al. CAR T cells
with dual targeting of CD19 and CD22 in adult patients
with recurrent or refractory B cell malignancies: a
phase 1 trial [J]. Nature Medicine, 2021, 27(8): 1419-
1431.

[9] ZHANG Xiaomin, ZHU Lingling, ZHANG Hui, et al.
CAR-T cell therapy in hematological malignancies:
current opportunities and challenges[J]. Frontiers in
Immunology, 2022, 13: 927153.

[10] MAJZNER R G, MACKALL C L. Tumor antigen
escape from CAR T-cell therapy[J]. Cancer Discovery,
2018, 8(10): 1219-1226.

[11] ZHENG Chanli, XIAO Yu, LI Yangqiu, et al.
Knockdown of long non-coding RNA PVT1 inhibits
the proliferation of Raji cells through cell cycle
regulation[J]. Oncology Letters, 2019, 18(2): 1225-
1234.

[12] AR Andh, 5K, TR, S5 . I A5 ¥ T8 5 W00 58 BT
CD19 CAR-T 4 i % Ui PERIWESE [9]. vh [ o
THBREE A SRk |, 2021, 28(2): 209-213.

(THFE 9 ®)



BUARKS B 2 27 2% 35

i 39 4%

5 1M 20244E 1 H T Mod Lab Med, Vol. 39, No. 1, Jan. 2024 99

[15]

[17]

(18]

WRHEET |, bl , B3, 5 . 2RO ELLE AR T
IMA, HIF1 o, Vaspin, IGE-1 /K- 5H 2 . BIgt
KBRS AU R ASE (1], IAE B2
2021, 21(14): 2773-2777.

OU Yingxia, YANG Pan, LONG Ling, et al. Relationship
between serum IMA, HIF1 o, Vaspin, IGF-1 levels and sex
hormone, glucose and lipid metabolism, insulin resistance
in patients with lycystic ovary syndrome [J]. Progress in
Modern Biomedicine, 2021, 21(14): 2773-2777.

Jek, WO M AR IR AR LB I I SFRPS,
TIMP-1 Fl HMGB1 /K- 5 I % 21 217 28 6 Ji - Ji
REVFHRERTSE [1]. BUK S R 242 ik, 2022, 37
(5): 112-117, 158.

WU Hui, HAN Wenlong, BAI Lei, et al. Correlation
of serum SFRP5,TIMP-1 and HMGBI1 levels with
histological chorioamnitis in pregnant women with
premature rupture of membranes [J]. Journal of Modern
Laboratory Medicine, 2022, 37(5): 112-117, 158.
KIMBER-TROJNAR Z, PATRO-MALYSZA 1,
TROJNAR M, et al. Umbilical cord SFRP5 levels of
term newborns in relation to normal and excessive
gestational weight gain[J]. International Journal of
Molecular Sciences, 2019, 20(3): 595.

PRIES , B, IVRAE A5 R [RRETR i 2 10 1

[19]

[20]

(21]

I3 AP AR SCEE 11 5 7KSF 0] S IR g 1 )
WE (7. TP EEL R, 2018, 33(24): 6046-6048.
CHEN Fengling, WANG Chunyan, SUN Donghua, et
al. Prediction value of plasma secreted crimp-associated
protein 5 in gestational diabetes mellitus in pregnant
women with different glucose tolerance[J]. Maternal &
Child Health Care of China, 2018, 33(24): 6046-6048.
LIU Lingbin, CHEN Xiaodong, ZHOU Xiangyu, et al.
The Wnt antagonist and secreted frizzled-related protein
S: implications on lipid metabolism, inflammation, and
type 2 diabetes mellitus[J]. Bioscience Reports, 2018,
38(4): BSR20180011.
TS, PRy, AT, A5 L 2 SRR IR HRE ILTE
sFRPS K- S5HEAR IR . B A S s B R 2R ().
HRIN A2 4 (BE2ERR ), 2021, 56(5): 666-670.
LI Xiaolei, QI Xiaoling, XU Liwu, et al. Corrolation
analysis of serum sFRPS5 level with glucose and lipid
metabolism,bone metabolism and bone mineral density
in patients with T2DM[J]. Journal of Zhengzhou
University(Medical Sciences), 2021, 56(5): 666-670.
FARR J N, DIMITRI P. The impact of fat and obesity
on bone microarchitecture and strength in children[J].
Calcified Tissue International, 2017, 100(5): 500-513.
WFBHA: 2023-06-16
fEEIH#: 2023-08-25

(E#E 15TT)

(18]

[19]

ZHU lJingjing, ZHANG Jing, WANG Ping, et al.
Xuebijing injection enhancing CD19 CAR-T cell anti
tumor killing activity[J]. Chinese Journal of Integrated
Traditional and Western Medicine in Intensive and
Critical Care, 2021, 28(2): 209-213.

LI Xiaorui, FENG Yaru, SHANG Fengqin, et al.
Characterization of the therapeutic effects of novel
chimeric antigen receptor T cells targeting CD38 on
multiple myelomal[J]. Frontiers in Oncology, 2021, 11:
703087.

ENGEL P, ZHOU L J, ORD D C, et al. Abnormal B
lymphocyte development, activation, and differentiation
in mice that lack or overexpress the CD19 signal
transduction molecule[J]. Immunity, 1995, 3(1): 39-
50.

GLOBERSON LEVIN A, RIVIERE I, ESHHAR Z, et al.
CAR T cells: Building on the CD19 paradigm[J]. European
Journal of Immunology, 2021, 51(9): 2151-2163.

LI Xinchen, DING Ying, ZI Mengting, et al. CD19,
from bench to bedside[J]. Immunology Letters, 2017,
183: 86-95.

PAN J, YANG J F, DENG B P, et al. High efficacy and
safety of low-dose CD19-directed CAR-T cell therapy in
51 refractory or relapsed B acute lymphoblastic leukemia
patients[J]. Leukemia, 2017, 31(12): 2587-2593.

LU Junru, JIANG Guan. The journey of CAR-T
therapy in hematological malignancies[J]. Molecular
Cancer, 2022, 21(1): 194.

RUELLA M, XU Jun, BARRETT D M, et al. Induction
of resistance to chimeric antigen receptor T cell therapy
by transduction of a single leukemic B cell[J]. Nature
Medicine, 2018, 24(10): 1499-1503.

(20]

(21]

(23]

(24]

[25]

STERNER R C, STERNER R M. CAR-T cell
therapy: current limitations and potential strategies[J].
Blood cancer J, 2021, 11(4): 69.
ZHAO Lijun, LI Shuhong, WEI Xiaoyi, et al. A
novel CD19/CD22/CD3 trispecific antibody enhances
therapeutic efficacy and overcomes immune escape
against B-ALL[J]. Blood, 2022, 140(16): 1790-1802.
DAI Hanren, WU Zhiqiang, JIA Hejin, et al. Bispecific
CAR-T cells targeting both CD19 and CD22 for therapy
of adults with relapsed or refractory B cell acute
lymphoblastic leukemia[J]. Journal of Hematology &
Oncology, 2020, 13(1): 30.
eIk , 226 . CRISPR/Cas R GE 7647 A el IR 55 25 il
Rz a Nz A ], IR 5 PR 2R 2k, 2022,
37(3): 1-5.
WU Yongbin, LI Ling. Application of CRISPR/Cas
systems in the rapid diagnosis of coronavirus disease
2019[J]. Journal of Modern Laboratory Medicine, 2022,
37(3): 1-5.
HUNE R HE, RAEAL A NI CRISPR/Cas9 £
0 b A i 240 L R AR AMPK o 1 5 PR AR 19 2
Atk (7] BUCRIR R0 |, 2023, 38(1): 107-111.
HUANG Xiaoqin, TU Mingjin, YU Huajun, et al.
Application of CRISPR/Cas 9 system to construct lung
cancer cell lines to obtain stable cell lines with AMPK
a1 knockdown[J]. Journal of Modern Laboratory
Medicine, 2023, 38(1): 107-111.
CHENG Hao, ZHANG Feng, DING Yang. CRISPR/
Cas9 delivery system engineering for genome editing
in therapeutic applications[J]. Pharmaceutics, 2021,
13(10): 1649.

WA 2023-09-04

fEEIBHA: 2023-10-12



