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PA28  puromycin 7 i FAM4 4@ AL, Realtime-PCR 44 45 3% /K F HES4 if % ik 1 01, CCKS8 k4] Jurkat #F Ara-C #K Btk , Ara-C #4381
B % 0.1.1,10,100,1000,10000 nmol -L"'; % i+ 3 I 4+ 2+ T HES4 9 4% 5+ sgRNA 5 7], # #& LentiGuide-sgRNA1-puro,
LentiGuide-sgRNA2-Puro, LentiGuide-sgRNA3-puro /i #: , LentiGuide-puro % # 1Kk 4 *F JR 40, & ¥ 1% J% & & # Jurkat 2m Ji
puromycin 7% i%, B E 22 DNA,PCR 3% sgRNA #5932 /53], —/Knl 5#nl HES4 69 sk k2 &, CCK8 k44 sk HES4 &
Jurkat *F Ara-C £ , Ara-C 23 % % 0.1.1.10.100.1000. 10000 nmol- L™, Z58 ; 55 %} pa 4 1k, HES4 & Jurkat i3 £ ik (2.37
+0.09)45(P<0.001), # Ara-C % 1 nmol-L",100 nmol-L" # & T , it & & HES4 4% Jurkat 3} Ara-C #) 25 0B K (P 182 51
T 0.01.0.05); sgRNAT . sgRNA 2 sgRNA 3 ghih 55530 4 83.71.63, 2 F sgRNAT ¢4 gkl R = 4E, &£ Ara-C 24 1000 nmol -
L' BT, sirk HES4 423t Jurkat 2F Ara-C #9482 (P <0.05),3 & sgRNAs Z i) £ 2 X 3] (P>0.05), Z5it :HES4 374
T-ALL %8, % Jurkat 2 Ara-C 69808, A T-ALL 1LJ7 @it % 69 bUh) BT AR 4SS 5.
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ABSTRACT Objective: To investigate the relationship between hes family bHLH transcription factor 4 (HES4) and sensitivity of
T-cell acute lymphoblastic leukemia (T-ALL) cell line Jurkat to cytarabine (Ara-C), a chemotherapeutic drug. Methods: Lentiviral vector
Lenti-pCDH-HES4-puro was constructed and packaged to infect Jurkat cells, and empty vector Lenti-pCDH-puro was used as control
group. Puromycin was used to screen positive cells. Real-time PCR was used to detect HES4 overexpression. CCK8 method was used to
detect Jurkat's sensitivity to Ara-C. The final concentration of Ara-C was 0.1, 1, 10, 100, 1000, 10000 nmol -L". Three pairs of specific
sgRNA sequences targeting HES4 were designed to construct the recombinant plasmids LentiGuide-sgRNA1-puro, LentiGuide-
sgRNA2-puro and LentiGuide-sgRNA3-puro, and LentiGuide-puro was used as control group. Then the packaging lentivirus infected
Jurkat cells was screened by puromycin and genomic DNA was extracted. The target sequence of sgRNA was amplified by PCR, and
then the knockout efficiency of HES4 was detected by DNA sequencing. The sensitivity of Jurkat to Ara-C was detected by CCKS8
method. The final concentration of Ara-C was 0.1, 1, 10, 100, 1000, 10000 nmol - L"'. Results: Compared with the control group, HES4
overexpression in Jurkat was (2.37+0.09) times (P < 0.001). Overexpression of HES4 can inhibit Jurkat's drug sensitivity to Ara-C. When
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Ara-C was 1 nmol-L" and 100 nmol-L", overexpression of HES4 decreased the drug sensitivity of Jurkat to Ara-C (P < 0.01 and 0.05,

respectively); the knockout score of sgRNA1, sgRNA 2 and sgRNA 3 was 83, 71 and 63, respectively, and the knockout effect of
sgRNA1 was the best. When Ara-C was 1000 nmol-L", HES4 knockout promoted the sensitivity of Jurkat to Ara-C (P < 0.05), but there
was no significant difference among the three sgRNAs (P> 0.05). Conclusions: HES4 inhibits the sensitivity of Jurkat to Ara-C, which

provides guidance for the study of the mechanism of chemotherapy tolerance in T-ALL.
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HES4 (Hairy-Enhancer of Split %% bHLH #: %[ T 4)J&
T bHLH K% 51 2 — , BT DR IRBE - 24 - 184549, bHLH
KGR & B 1 OCHER T R 702, HES4 J& Notch {55
I P T UL 2 — , Notch {5 53l 2 — Z6 AR W EEMES
T, S 52T AN 15 10T 40 5 53404, e T i A
AP RS, IR HES4 2 5N BOCERZ 2 2T, 546
() 72 5% T 4 Ml Ak , A2 b1 0 A B, 0l B M 2B i e 3k
HES4 {2 3F & RUUE AR 280 B, A maiie g 7 id it
HES4 g fe i F 0 T 42 & (HAIS B A& &Y. 78
A&k B ik I 20 1 15 (B-ALL) 1 Notch-hes 1 J% 38 Ui
FEOEN, 5 B-ALL A7 HE, 2P T bk EL 40t (A 195 ( T-ALL) &
A AR, SARm AL HORD B AR A 22 R G AR AR AR I R4
E, BUR AR 25, X7 T B2 A 2505, B RTAR A SCHkR
i& HES4 5 T-ALL 41 MOxTA0y7 25 Py us A S ik, A
FEEETT 2 T bk B A0 3 s 40 3R Jurkat i 363k HES4 )
Fx HES4 J5 , i I X5 fbyT 2454 Ara-C RyfURPEEfL, O T-ALL
HITR 2 HLI RS PR A2 R |

I R 5 E

1.1 #4

111 &% RPMI 1640 1535 DMEM K3t 95 5655 2 W
Bt .0.25%J Al .Opti-MEM ¥z 37 3t PBS ¥yl [ 3£ [ Gibco 24
), FastDigest Bsm | NI . FastAP i) H 3 [E Fermentas 2\ ,
T4 PNK ,Quick Ligase 14 [ 5¢[E NEB A &, if4- 1L iE W A L) &
%] BI /> w] , DH50 %57 25 4 il . TransScript First-Strand cDNA
Synthesis SuperMix ,SYBR Green {5131 Bt st &4 AW
HARFRAE, SR A P 9E 2 BIOWEST /A H] | LB Wi i4ks
Fedk LB BRSSO RS AR A IRA R, 2N E
%R (ddH,0 ¥y H 3¢ [ sigma 23 A, PEL % 3450 1l F 26 [
Polysciences /A &) , Trizol i3] . R 7R HEEE (DTT ) H & [H
invitrogen /A 7] , Lenti-pCDH-HES4-puro [5i %7 W [ 1t 55 4= ¥y B
% A BR 2 A& ,LentiGuide-puro Jfi k7 . 3 % fii ki pRRE,
pRSV-Rev . pMD2.G 04 [ addgene 2\ ) , 3L K20 DNA 25tz
Fl e A b SR AE WA FR 23 B, Endo-free oty ip 2477 &5
Y A B2 B A B2 R R EIBGR & F RARAE AL
BHEA RAF . Polybrene Blif% YL if7| ) [ 3 [F merck A H],
KAPA-HiFi-HotStart-ReadyMix Il F 3¢ [# Roche /4], CCK8 i,
7l B A RAEWHEARARAF] . Ara-C 1l B 32 E Selleckchem
Al 51 sgRNA JPFI B i A TAY TR A RA

GikEy

1.1.2 {88 CO, }53%4f .NanoDrop 1000 %8 4h - A] IL43 5%t
T4 B 56 [ Thermo 24 ], TS-100 2] & B4 518 B H 4
Nikon /» &), QuantStudio 6 Flex PCR {¥ Il [ 3& & ABI 2\ &,
Synergy H4 MiFhR{X I [1 9 BioTech /2 7] , JXN-26 £ 7 4.0
LI A € E Beckman Coulter 2\ 5] , Tanon 1600 #1815 2 4t
A EiERERHCARA T

1.1.3 ZRAEtk  Jurkat Lenti-X 293T 4 &2 5k H T [ = 2
P B 0L RO 12 e (v ] B 2Rk B L - B T ) [ 5
S A

1.2 ik

1.2.1 fHRatER S1E5%  Jurkat 0 & 10 % FBS, 1 %X
(1) RPMI 1640 }5FR i35, AIIRBFREQRIFAE 1 x 10°-mL" - 2 x
10°-mL",37 C 5 % CO, ¥ 3E /i 15 3%,2 - 3 Kk . Lenti-X
293T M LA 1 x 10°-mL" %5 BEHRR T 100 mm 53R 1L, #5577
3 DMEM( & 10 % FBS. 1 %3475 ),37 'C 5 % CO, J5 36 1%
Fr, Fra i AR A 3 B 80 %Ay 7 b, PBS J—1,0.25 %%
it 37 “CiFAk 1 min, & 10 % FBS 1 %%t DMEM A1k,
300 x g FEiREG L 5 min, i FIE AIMFHR 1 4 Bl TR
122 HEME BRSSO B L R SCR P74
fEU41 - HES4 sgRNA 741 Z: iR http://www.genome-engineering.
org #H47 & W , LentiGuide-puro {5 B Z: I8 Zhang Lab GeCKO
website : http://www.genome-engineering.org/gecko/, sgRNA1 ¥
51 4 soligol 5'-CACCGCGGGCGGCCCGCGTAGACCT-3', oli-
202 5'“AAACAGGTCTACGCGGGCCGCCCGC-3'; sgRNA2 J¢
51 1 coligol 5'-CACCGGAGCTCCCGCCACTCGAAGC-3', oli-
202 5-AAACGCTTCGAGTGGCGGGAGCTCC-3"; sgRNA3 J¥
%1 4y soligol 5'-CACCGCCGTCACCTGCACGCGACGC-3',oli-
202 5'-AAACGCGTCGCGTGCAGGTGACGGC-3', ¥ Oligos
Ak F il 2k Oligo 1(100 pM)1 L ,Oligo 2(100 pM)1 pL, 10
x T4 Ligation Buffer 1 wL,6.5 pL ddH,0,0.5 uL T4 PNK, gt
10 pL WA ZR ,37 CHEE 30 min, 95 CHEE 5 min, SR)5LL 5 C
-min” FEREERE R 25 °C L JE AR A I 1 XU oligos., Kk
i oligos I ddH,O #5i#¢ 200 %, LentiGuide-puro Sk M4k |
EWEERIL . HU 5 wg LentiGuide-puro B, Jill 3 wL FastDigest
Bsm 1 NV .3 wL FastAP,6 pL 10 x FastDigest Buffer,0.6 pL
100 mmol-L"' DTT, fill ddH,0 #F % 60 pL,37 CHEE 30 min, i
I - K BETI =W AT 1 %Be R IK , 120 v HLHS 28 T HEL Dk
30 min, 2500 BT R e MR I BB S5 DR, B I i
WA G AT, EHBEI N - 50 ng Bsm | W ALY Bk A BE, 7
B )5 By oligo X 4% 1 wL,2 xQuick Ligase Buffer 5 wL,Quick
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Ligase 1 uL,ddH,0 #ME 11 pL, ZHEEE NV 10 min, B EEHE
7% AL DHS o SR AZ A0, TR AT T & 100 pg-mL?! W
H RN LB FEFRIL,37 CHEFE 16 h, BREURAEIE 2T 5
100 pg-mL" 2% 5 55 & WA LB 8592 5L 37 Cli s
12 h, AR PR AR IBUTURLIR I 7 258 o

123 mEEE. BRMM. puo ik RN — KK
Lenti-X 293T 4ift 1 : 2 /&4CHER T 100 mm 35 7:1M.,37 C 5%
CO, 55713 7% . fL.2% ok pRRE 2 pg . pRSV-Rev 2 pg . pMD2.G
4 g, HMFE: 6 ug 5 2.5 mL Opti-MEM £ 4ME%4], 1 x PEI
B geidii) 42 wL 5 2.5 mL Opti-MEM 754318 2], % I ¥t
5 min, ¥&A 4 FKAY Opti-MEM 5 &4 PEI ff) Opti-MEM
RA, TS, R RE &Y, SR & E 20 min, Lenti-X
293T 4iffdsbsR 5, A LRI A, ¥ 2 mL & 10 % FBS
i) DMEM, 37 'C 5 % CO, ¥53% 6 - 8 h #E53t, fin 15 mL 4
10 % FBS .1 %4t DMEM, 37 C 5 % CO, 355% 48 h, 4L |-
%, 5 mL 4 10 % FBS . 1 %X A DMEM, 37 C 5 % CO, 4
SEREFR A 72 0 WAE K . R EE_LYE 4000 x g,4 CELL 15 mink
BRANMEATF, 0.45 wm £ L JEAN T I8 LVE, fREE g 48000 x g
4 CHL.O 25 h AT H S, 5 B BN R UTIE, i 200 pL
DMEM &, 10000 x g 4 ‘CE.L» 5 min G4 A, WIBOH
I, 20%e,-80 COVE . AMMEGL 8% 5 x 10°-mL" Jurkat 2
Hi3E 4 mL E2FpF 60 mm BrFEIL, il polybrene % Y i (£
e 8 pg-mL"), EECE 15 min, iV 4695 8 B 200 pL,
37 °C 5% CO, B35 1%, #2710 % FBS .1 %3i ) RPMI
1640 B3R FLgk 415 5E 48 h, puro( AKYeE 1 pg-mL)Ffiik 72 h,
124 E[F4 DNA FJRE U4 puro Ffi 38 J5 FI A0 1 x
10°,300 x g %50 10 min, # £, in 200 pL ddH,0 R4,
20 WL 2 G K, IRENRS 10 s, i1 200 wL Buffer gl iR R
% 105,56 CHER 30 min, a7 3 - 5 ¥, i1 200 L K 2
BRI A TR S, ##% A Spin column W AT H1, 12000 x g £
O 1 min, FEPEWE, B 500 wL Buffer PW, 12000 x g #5.0> 1 min,
FUEWE, FHEVE—IK, /N 500 uL Wash Buffer, 12000 x g B5.0»
30 s, FRK 12000 x g B5.0> 2 min B AT B T TR 4,
iR T4 5 min, i 50 wL EB ¥ it 3 [5l 41 DNA, NanoDrop-
1000 43566 BEH-45: 1l DNA 3 FF , 0D 260 / OD 280 F{f 1.8 -
2.0 HEHE

1.2.5 RT-PCR  Ut4E 1 x 10° 0 fif1, 300x g Z5 IR %50 10 min,
F¥ L3, 1 mL Trizol 7843244, i 200 pL =& H ke, I
TRIZUE GRS, Eilk#H & 3 min, 12000 x g 4 TE.L> 15 min,
WZIBOK AR, I 500 L S DI B, Wi fE1IR AT 6 - 8 Wk, il &
10 min, 12000 x g 4 ‘C &.0» 15 min, 3% 3%, 01 75 % 2 BLE 5]
IR%59,7500 x g4 CE.0> 10 min, 32 F 3, RNA 52 15 T4
B LESEENER, 50 uL ddH,0 % f# RNA , NanoDrop-1000
SCGEE TR RNA Y3, 0D 5 / OD 5 HH 1.8 - 2.0 6
1 o G SRR A RNA JUE% SR cDNA | 2 I ik & K
M 2% f::RNA 1 pg,oligo (dT)1 pL,ddH,0 ¥pFEZE 9 uL,65 C
5 min, U # B F¥K I 2 min, il 2 x buffer 10 wL,RNA &4 i
1 pL,45 °C 15 min, 85 C 5 min, ddH,0 ¥ cDNA 5 {57 #¢,
20 ‘C %17, Realtime-PCR JZ Jij &k Z& K 4514 : cDNA 1 pL,
10 wmol/L | Fi#51#14% 1 uL,2 x SYBR Green 10 pL,ddH,0

ANZE 20 pL; R 41295 °C FAEE 10 min, 95 C 2B 15 s,
60 “CiE &k 1 min, 40 cycles, J} / FEIRHE 1.6 C/s; i £ e
I £5f4:95 C 155,60 °C 1 min,95 C15 s, [&iE#H)EF 1.6 C/s,
FHEFHE 0.05 C/s, LI GAPDH JNZ: , 455 IAR 2-¢ « it
HWRFE MY REE. 51975 :GAPDH I i 5] 4 )5 4
5-CATGAGAAGTATGACAACAGCCT-3', F 8| ¥ % %1 5
""AGTCCTTCCACGATACCAAAGT-3";HES4 I i 2l 4 )% %1
5-GAGCGCGTATTAACGAGAGC-3', F 8| ¥ /% % 5-CG-
GTACTTGCCCAGAACG-3',

1.2.6 sgRNA BiBE IR M 2 PUZ YL LentiGuide-HES4-
sgRNAs 1) Jurkat 21 i ) o B 25 2R AR 4l i 5L R 4 DNA, PCR
P& A sgRNA ¥ 5 Y) HES4 J3 41, HES4 J3 41418 15149
%51 : 5-“GAGCGCGTATTAACGAGAGC-3', F il 5|95 % .
5TCTGCTACAGTCTCGGCAAA-3', Wik Z . HIHZH DNA
200 ng,10 pmol -L" fy [T #iF 51 ¥4 1 wL,2 x KAPA-Hi-
Fi-HotStart-ReadyMix 25 wL,ddH,0 #p % 50 pwL, J2 i 414 .
98 CHIA: 155,98 TC 155,58 C 155,72 'C 1 min, 3 30 cycles,
PCR 7=k ¥4 T, DF 5140751 - 5-GAGCGCGTAT-
TAACGAGAGC-3', il 545 57F Synthego P 4> BT B IR0
1.2.7 CCK8 £3&  HOWHA: K e bz FlF 96 fLAR, 1.25 x
10°-mL", #FLEERR 80 L, 23l 20 L REHRE A Ara-C,jE
A1, PR EE R 0.1.1.,10,100,1000, 10000 nmol « L, X} FRFL
FIAH RIS AR FR A B SR 2E , 25 AL I 100 L 85355, 41
3FHE, 37 °C 5% CO, 8535 72 h, F4LIN CCKS i3] 10 wL, &
57,37 C 5 %CO, K 5% 4 h, Bphr Uk 450 nm 34k OD {H,
ISR = (S25041 OD fA - 4 (1L OD fH )/ Xt & FL OD {H x
100 %, i Graphpad 5.0 #f4-2: Hil 20 MG R M4k, LI L 3
ISR e S e N

12.8 GitZEHH LI EFRA ++SD %R, {#1] SPSS 19.0
G T AT, a2 AR BT 5, P < 0.05 Ry2eR
EENE -0

2 R

2.1 Jurkat ZRRfIE5R5E HES4 XF Ara-C BISHEIE 2400

Jurkat #H i/ 418575 Lenti-pCDH-HES4-puro, puro Ji 1
%1k 72 h, Realtime-PCR #5 4 jfg HES4 (5515 ,0E Mt
R4, pCDH Ay ke zs Bk X B2 i, 141 1A iR OE 4 fif sk
ik HES4 {3 B0 IR M4 (2.37+ 0.09 )% , W4 Beit24: 7% X
(P<0.001), ¥PIZHAMMBERD T 96 FLAR , 4 x 107 L , 4R IA
[k B Ara-C, 252 B> 0.1.1.,10,100,1000 10000 nmol -
L, RSl 9 28 240 B %t Ara-C (B0 , 85 R A& 1B TR, ¢ 1
nmol-L* 100 nmol-L"' & K ,OF 4ijifi % Ara-C P &R
FXTIBAIMI(P<0.01 F1 P<0.05), ULHAZEALIT 2454 Ara-C 9 1
nmol-L" 100 nmol-L" ¥k EF T, 1363k HES4 () Jurkat 4 il
Ara-C A HUBPEREAR
2.2 CRISPR/cas9 i&miif% HES4 EEH

it 3 X HES4 JEPA i sgRNA J757) , ¥ 18 5 7 5ok, 60
9 B I Jurkat il ifg , puro B %% 72 h, $RICAN ML R4
DNA,PCR ¥ #{ sgRNAs (#1751 i Bt A7 — Q5 , DU
LentiGuide-puro {473 JFUA7 4 5 285 2y Xt i, Synthego [k 43
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B HES4 By miBRACR . G550 And 2 s ,HES4sgRNAT i
{# 4 83, HES4sgRNA2 FiF4ME k 71, HES4sgRNA3 Bl 4

{Eh 63, A 3 Xt sgRNA Yy HAT RAF 1) HES4 3 [H i BRasr

sgRNAT FBRIMA R . 7351, 3 XF sgRNA JF 51 #45] i DNA fit
425878  DNA B2 #8535 94 % .87 % .89 %, tnI&l 2 fiiw , 3
B AR N CRISPR/cas9 HJEIf7 5, HI%EI7 42 5 i) DNA
Bt B 0, A T IR AN A B A B 2 2 R E8)
FEVS ARSI , IR SIIEDR BB H . sgRNAT sgRNA2 |

sgRNA3 (14 45 5 ) 4 36 4% R? 435124 0.94,0.88.,0.89, Hrf

sgRNAI A58 R Sd&ii F 1, SR mMERTTSE, Kk 3
XT sgRNA BT A3%BR HES4, Hirft sgRNAT FRBRBCR AT -
2.3 Jurkat ZAFAETRS HES4 EEEXF Ara-C BB 2200

Fi 5% HES4 ) Jurkat 4 fift HES4 sgRNA 1, HES4 sgRNA
2. HES4 sgRNA 3 5%t LentiGuide-puro 55 i F7 4il 32 T
96 FLAR , 73 BINALI 7254 Ara-C, 2592844 0.1.1.,10,100
1000, 10000 nmol - L™, &5 4 £H 20 i Xof AN 5] ¥k & Ara-C () 5%
P, £E54F 1000 nmol- L ¥ & F ,HES4 sgRNA 1, HES4 sgRNA
2. HES4 sgRNA 3 4HfuX} Ara-C 88U 43 501 i3 15 RE 4R,

B
A« (o150
g ] ok e s - pCDH
2 Q -+ OE
03 =
= 3
&3 £
Ce! =]
g €3] _g B0 ccccoeeereriiniiiiiiiiiiiin M
g s E
) =
7 g o . )
0.1 1 10 100 1000 10000
@ nmol/L

Q

& 1 CCKS8 ;%4 Jurkat ZRBET ik HESS 3 Ara-C g8 4254k
Fig.1 CCK8 method was used to detect the sensitivity of Jurkat cells overexpressing HES4 to Ara-C.

A: Real time PCR was used to detect the expression of HESs4 in Jurkat cells. pCDH: Lenti-pCDH-puro empty plasmid control cells; OE:
Lenti-pCDH-HES4-puro overexpression plasmid cells (n = 3,* P<0.05, ** P<0.01, *** P<0.001).
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status @ Guide Target @
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2000
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sgRNA3
status @ Guide Target @
® Succeeded CCGTCACCTGCACGCGACGC

EDITED SAMPLE 152 TO 217 BP

2000

1000
AVNAVN D,
155

160 170

PAM Sequence @

CGG

PAM Sequence @

TGG

0 Augm_m_M&AMMAW“A

180

PAM Sequence @

AGG

Knockout-Score @

83

Model Fit (R2) @
094

Indel % @
94

CCCoeGC TOBCCCCOO0CASASBGCEECCECAGCGCSCOLGAGGIGTEC T ACCCG60ELCE0CEE6CT-6L0T6COAT
. i

| “._\aF—JA_‘_./X—,/_\/X-_, _‘L\_/,\..__,Z,\Ji/} A l"”‘ “ A
505 510 515 5

Knockout-Score &
7

Model Fit (R2) @
0.88

Indel % @
87

CGCCTATCCCCGCCCCCAGAGCTCCCGCCACTCGAEGGACTTGGAAAAGGGGGAAATCTTGG

J\AAM/\Z\AAA/\I\./\ NAAAAAANS

140 145 150

mm

Knockout-Score @
63

Model Fit (R2) @
0.89

Indel % @
89

CYGGAGA\'GACCGTGAGACACCTGCGGAGCCTGCG;GGTCCCCCCGGGGGGGGGGGGGGGGGGG

L\_J\ /\A/\A ,_M-[\AA/\, lanl\ /\

ATATA

200

AR

WMWQM

& 2 Synthego M4y #r HES4sgRNA1, HES4sgRNA2, HES4sgRNA3 BRI ZR
Fig.2 Synthego website analyzes the knockout efficiency of HES4-sgRNA1, HES4-sgRNA2 and HES4-sgRNA3. The vertical black dotted lines indicate

the actual cut sites of CRISPR/cas9. Cutting and error-prone repair usually results in mixed sequencing bases after the cut.
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PAE¥/NTF 0.001 (5] 3),3 Xt sgRNA Z[a] B4t 28 X (P>
0.05), LM Jurkat ZH i Bk HES4 5, FEALIT 254 Ara-C 2
1000 nmol- L' ¥ FEF , 4HMIXT Ara-C ARG

o150
o‘\i ° -~ LentiGuide-puro
o = HES4-sgRNAI
N
> -+ HES4-sgRNA3
=
B 50 N
S
- *
T 0 . . ' :
0.1 1 10 100 1000 10000
nmol/L

[ 3 CCK8 i&#& M Jurkat ZAAARIER HES4 Xt Ara-C KOS AL
Fig.3 CCKS assay was used to detect the sensitivity of Jurkat cells to Ara-C
after HES4 knockout. (n = 3, *** P<0.00, The cells infected with
lentivirus HES4-sgRNA 1, HES4-sgRNA 2 and HES4-sgRNA 3 were

compared with lentivirus LentiGuide-puro cells).

3 Pk

AT TR EEL A P I (ALL) 2 J LB 2 9 S B o 114 Gk e
P4 /10 J7). MRAE PRI, vl 430 B 400 AR T i,
HH B-ALL # 85 %, T-ALL £, 15 %, BRI FB 5k
A AT RS LT AR R AT & e, L3 ALL f93RYT
BORA TRKAIER , LHJE B-ALL, 78k iKE %, B-ALL [ 5
ETCH A EFE(EFS) AT 1k 80 % ~ 90 %, {H T-ALL (¥ /E 773
A, A 40 % ~ 70 %1210 - ] JLEE [ 1R 41 (CCLG) &
P bR EEL 40 3 1R (ALL)2008 5% (CCLG-ALL 2008) 3477 JL
T 42tk B g ey (T-ALL) B¥780F s Bon
VDLD i 35 A IR + BB 1T +6- ZiJEEng (d 80)IRY7
(58 R LEfREA 94 %(79 / 84)M, WA BT K I AZD1775 {fi
T-ALL 4 i % Ara-C g% im0, /N BUBE AL b ot T il
BTB/POZ 45535 K - Miz-1poz [X sl n] 385 B 1134 Y7 1 2
S HELZ /N T- A1 B-ALL/ 3k B A & A 20, L3 2k 1 I
(AT AT LA FLT3 SZ IR0 25 5 Ara-C 1 TIRY7RY, B,
Ara-C 7EIRYT 2P EL 20 11 IR Ak 8 WL

H Hi A SCHk iz 8 B-ALL % 4% 15 Notch 3l jH (1% # 5
HES4 = 4k 3¢, 3R IUH Notch-hes 38 5 Fe Wist 4281 , 1M
hes4 #£ T-ALL oK & i B L4061, Notch 18 % #6 & 2 Fpis A=
PRI 5 MR T8 O R B DI, S 5 E R i 40
JLi) S B 20, R 1 I AH A0 M & B 004, Noteh 1 2375 5 A FI/INER
T AL AR TG AR 32280 07 o (HRAEA ST, 54~ Notchl
AL DR 7 I3 I % 7 e P A VR M AR5 28, R HES4,
A /N AR IR TRl IREE R, HAE IR AN 28 . Decker et al Bf
3¢ T Notchl #E%EN HES1 F1 HES4 75 5.30] T 40 % & i fE b
MLIRE, Z55ER, XFASEEAER T 400 % F i L
Notchl {1 Jr Rk B8, Hrh HESI il i 4E#F CD34" i
MARAN ARSI HII A, H9% HES4 i fEf% HES1 —FE
il AR A GAT AR K E , B e T A B 40iis
FPeRE FIOVERIANIE] . B 42 Notch /S0 im S Uiy i

Mg & fHJE HES4 JEARESH] B 40k & . 5 HES1 AL,
HES4 fie ot T 4 Wk, (HRfi#ik HES4 HESI, #=
HESI 5 HES4 414 A BT T oMb, TEMRE, Wk
HES! 5 HES4 W] 8 ZFEARAKE T A AR . SRS,
Notchl ¥EEL[H HES1 1 HES4 7E A2 T 4 g 30 % 7 i 2 v
BAAETCARIIVER] X AT hE 545 Notch 4t i A\ 218 1L 15 7
MR ZESA R,

ARH5E & B T-ALL 41 it 7 Jurkat 3+ % 3% HES4 (hes 5%
bHLH 4% 53 [N 1 4) XFALI7 254 Ara-C 114 R A, T
CRISPR/cas9 ¥ fif i HES4 J£[H J5 Jurkat 41 i %} Ara-C (1) 1%
SRR I, PR HES4 R g4 il Jurkat 46 i %) 4£Y7 254 Ara-C
AR, X — 4518 O T-ALL 1bJ7 25 Wy 25 AL A At 2 f 43

HES4 £ Notch {5 Zill S AL IE N 2 —, FIRES 5N
TR 2T 2, IR SR TR AR 2t — 2P B IE & AR 7E B-ALL
I oA ARALES SR, L& Noteh-hes 5 #% HABS 5L , 4145 hes
Z R HES1 HESS 45 i b1 EALS 7 25 M iU ey mB/E I, o5
4 Notch-hes i i HUAEMR AR B2 S5 HLH] . iX—WFFE A
ALL L7725y 25 L BB E S R

% % 37 #K( References)

[1] Daniel J Dennis, Sisu Han, Carol Schuurmans. bHLH transcription
factors in neural development, disease, and reprogramming [J]. Brain
Res, 2019, 15(1705): 48-65

[2] Mitsushige Ando, Masanori Goto, Masato Hojo, et al. The proneural
bHLH genes Mashl, Math3 and NeuroD are required for pituitary
development[J]. ] Mol Endocrinol, 2018, 61(3): 127-138

[3] Yu Wu, Qiang Gao, Shibo Zhu, et al. Low-intensity pulsed ultrasound
regulates proliferation and differentiation of neural stem cells through
notch signaling pathway [J]. Biochem Biophys Res Commun, 2020,
526(3): 793-798

[4] Yuhong Qin, Keke Fang, Nan Lu, et al. Interferon gamma inhibits the
differentiation of mouse adult liver and bone marrow hematopoietic
stem cells by inhibiting the activation of notch signaling [J]. Stem
Cell Res Ther, 2019, 10(1): 210

[5] Emmanuel N Kontomanolis, Sofia Kalagasidou, Stamatia Pouliliou,
Xanthoula Anthoulaki, et al. The Notch Pathway in Breast Cancer
Progression[J]. Scientific World Journal, 2018, 2018: 2415489

[6] Cagney E Coomer, Stephen G Wilson, Kayla F Titialii-Torres, et al.
Her9/Hes4 is required for retinal photoreceptor development,
maintenance, and survival[J]. Sci Rep, 2020, 10(1): 11316

[7] Dimitrios Cakouros, Sandra Isenmann, Sarah Elizabeth Hemming, et
al. Novel basic helix-loop-helix transcription factor hes4 antagonizes
the function of twist-1 to regulate lineage commitment of bone marrow
stromal/stem cells[J]. Stem Cells Dev, 2015, 24(11): 1297-308

[8] Madonna McManus, Eugenie Kleinerman, Yanwen Yang, et al. Hes4:
A potential prognostic biomarker for newly diagnosed patients with
high-grade osteosarcoma [J]. Pediatr Blood Cancer, 2017, 64 (5): 10.
1002/pbc.26318

[9] Matthias De Decker, Marieke Lavaert, Juliette Roels, et al. HES1 and
HES4 have non-redundant roles downstream of Notch during early
human T cell development[J]. Haematologica, 2020, 9: 226126

[10] Shao-Qing Kuang, Zhihong Fang, Patrick A Zweidler-McKay, et al.



- 2006 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol21 NO.11 JUN.2021

Epigenetic Inactivation of Notch-Hes Pathway in Human B-Cell
Acute Lymphoblastic Leukemia[J]. PLoS One, 2013, 8(4): 61807

[11] Hunger SP, Mullighan CG. Redefining ALL classification: toward
detecting high-risk ALL and implementing precision medicine [J].
Blood, 2015, 125(26): 3977-87

[12] Karrman K, Johansson B. Pediatric T-cell acute lymphoblastic
leukemia[J]. Genes, chromosomes & cancer, 2017, 56(2): 89-116

[13] David T Teachey, Ching-Hon Pui. Comparative features and
outcomes between paediatric T-cell and B-cell acute lymphoblastic
leukaemia[J]. Lancet Oncol, 2019, 20(3): e142-e154

[14] Neville E Sanjana, Ophir Shalem, Feng Zhang. Improved vectors and
genome-wide libraries for CRISPR screening [J]. Nat Methods, 2014,
11(8): 783-784

[15] Ophir Shalem, Neville E Sanjana, Ella Hartenian, et al. Genome-scale
CRISPR-Cas9 knockout screening in human cells [J]. Science, 2014,
343(6166): 84-87

[16] Liu X, Zou Y, Chen X, et al. Minimal residual disease surveillance at
day 90 predicts long-term survival in pediatric patients with T-cell
acute lymphoblastic leukemia [J]. Leukemia & lymphoma, 2020,61
(14): 3460-7

[17] Pui CH, Evans WE. Treatment of acute lymphoblastic leukemia[J].
The New England journal of medicine, 2006, 354(2): 166-178

[18] xIwenA, FRuedd, 482, . PEILE O ama R S EARE @M G
Ao 2008 &g 7 At T Ak &40 i & f % 84 4] 5 A7[J]. ¥ 4L
#7e &, 2019, 57(10): 761-766

[19] James B Ford, Dmitry Baturin, Tamara M Burleson, et al. AZD1775
sensitizes T cell acute lymphoblastic leukemia cells to cytarabine by
promoting apoptosis over DNA repair [J]. Oncotarget, 2015, 6(29):
28001-10

[20] Julie Ros, Marissa Rashkovan, Jennifer Fraszczak, et al. Deletion of
the Miz-1 POZ Domain Increases Efficacy of Cytarabine Treatment in
T- and B-ALL/Lymphoma Mouse Models [J]. Cancer Res, 2019,79
(16): 4184-4195

[21] Catalina M Perells-Reus, Albert Catala, Liska Caviedes- Cardenas, et

al. FMS-like tyrosine kinase 3 (FLT3) modulates key enzymes of
nucleotide metabolism implicated in cytarabine responsiveness in
pediatric acute leukemia[J]. Pharmacol Res, 2020, 151: 104556

[22] Liquan Wu, Haitao Xu, Wenfei Zhang, et al. Circular RNA
circCCDC9 alleviates ischaemic stroke ischaemia/reperfusion injury
via the Notch pathway[J]. J Cell Mol Med, 2020, 24(24): 14152-14159

[23] Jianli Shi, Peilin Xiao, Xiaoli Liu, et al. Notch3 Modulates Cardiac
Fibroblast Proliferation, Apoptosis, and Fibroblast to Myofibroblast
Transition via Negative Regulation of the RhoA/ROCK/Hifla Axis
[J]. Front Physiol, 2020, 11: 669

[24] Jiao Gong, Yusheng Jie, Cuicui Xiao, et al. Increased Expression of
Fibulin-1 Is Associated With Hepatocellular Carcinoma Progression
by Regulating the Notch Signaling Pathway [J]. Front Cell Dev Biol,
2020, 8: 478

[25] Zhixin Liu, Teng Ma, Jufeng Duan, et al. MicroRNA 223 induced
inhibition of the FBXW?7 gene affects the proliferation and apoptosis
of colorectal cancer cells via the Notch and Akt/mTOR pathways[J].
Mol Med Rep, 2021, 23(2): 154

[26] Binyu Zhao, Shanshan Hu, Qingqing Xiao, et al. Expression of
NOTCH receptors and ligands and prognosis of hepatocellular
carcinoma[J]. Biomark Med, 2020, 14(17): 1631-1639

[27] Tra Ly Nguyen, Marie-Julie Nokin, Silvia Terés. Downregulation of
Glutamine Synthetase, not glutaminolysis, is responsible for
glutamine addiction in Notchl-driven acute lymphoblastic leukemia
[J]. Mol Oncol, 2020, Dec 12. doi: 10.1002/1878-0261.12877

[28] Thomas Mercher, Melanie G Cornejo, Christopher Sears, et al. Notch
signaling specifies megakaryocyte development from hematopoietic
stem cells[J]. Cell Stem Cell, 2008, 3(3): 314-326

[29] Takahiro Suzuki, Shigeru Chiba. Notch signaling in hematopoietic
stem cells[J]. Int J Hematol, 2005, 82(4): 285-294

[30] Clint Campbell, Ruth M Risueno, Simona Salati, et al. Signal control
of hematopoietic stem cell fate: Wnt, Notch, and Hedgehog as the
usual suspects[J]. Curr Opin Hematol, 2008, 15(4): 319-325



