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[HE] BB 5 WrcircVRKIFImiR-44287F 20 EL AT 1 1137 (acute lymphoblastic leukemia, ALL ) 41 g 3458 F i
TR, Ak RIMNEFRALLANMKOCLA4, 55543414 : pcDNA ., pcDNA-circVRKI, anti-miR-NC. anti-miR-4428,
si-NC. si-circVRK1, pcDNA-circVRK1+miR-NCHlpcDNA-circVRK1+miR-44284 . qRT-PCRAZM 4N circVRK1AmiR-
4428113575 CCK-8%% . it QA MLAR 43531 A I 240 3 5 B R 12 WU e i A 52 96 A6 cir 6 VRK 145 miR - 4428 14 1 ]
F (525845 J circ VRK1EF A IR 45 Fiki (WT-circ VRK1 ) +miR-NC, WT-circVRK1+miR-4428 ., circVRK128 254 2 JFki
(MUT-circVRK1) +miR-NCHIMUT-circVRK1+ miR-44284} J; Western blotki ] Ki-67., cleaved caspase-3. cleaved caspase-9E
F#bE., &R HB TpcDNAZ, pcDNA-circVRKI i circVRK15E 1k _F 4 (P<0.05); 55 Y pc DN AL # 4 Yt anti-miR-
NCHIH, # Y pcDNA-circ VRK1 Banti-miR-4428J5 , KOCL44 4 1% 11 FIKi-672F 1 F5 A% (P<0.05), P TR Ficleaved
caspase-3, cleaved caspase-98K FH /K F-34 11 (P<0.05) ; circVRK1 1] 11 [a] A #E miR-4428 1Y 2 31k, (HiZAE FHAUAE S YW T -
circVRKIAYZH S PR 31 5 pcDNAZAAR I, pcDNA-circVRK141 miR-442855 1545 (P<0.05); 5si-NCZLAH L, si-circVRK141
miR-4428F KM (P<0.05) ; 545 YepcDNA-circVRK1+miR-NCAHH b, 24554 pcDNA-circ VRK1+miR-4428 )5 21 i3 1 7+
5 (P<0.05), Ki-678 H F kB (P<0.05), 1= Ficleaved caspase-3. cleaved caspase-9%K H /K ¥R (P<0.05) .
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Molecular Mechanism of circVRK1 Regulating the Proliferation and Apoptosis of Acute Lymphoblastic Leukemia
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[Abstract] Objective To elucidate the role of circVRKI and its interaction with miR-4428 in regulating
proliferation and apoptosis in acute lymphoblastic leukemia (ALL) cells. Methods KOCL44 ALL cells were cultured in
vitro, and experimental groups included pcDNA, pcDNA-circVRK1, anti-miR-NC, anti-miR-4428, si-NC, si-circVRKI,
pcDNA-circVRK1+miR-NC, and pcDNA-circVRK1+miR-4428. The expression levels of circVRK1 and miR-4428 were
detected using qRT-PCR. CCK-8 assays and flow cytometry were used to assess cell proliferation and apoptosis,
respectively. The dual luciferase reporter assays were employed to investigate the interaction between circVRK1 and miR-
4428, with groups categorized as WT-circVRK1+miR-NC, WT-circVRK1+miR-4428, MUT-circVRK1+miR-NC, and
MUT-circVRK1+ miR-4428. Western blotting was utilized to detect the expression levels of Ki-67, cleaved caspase-3, and
cleaved caspase-9 proteins. Results Compared to the pcDNA group, circVRK1 expression was up-regulated in the
pcDNA-circVRK1 group (P<0.05). Compared to transfection with pcDNA or anti-miR-NC, transfection with pcDNA-
circVRK1 or anti-miR-4428 led to decreased cell viability and Ki-67 protein levels in KOCL44 cells (P<0.05), and
increased apoptosis rates and levels of cleaved caspase-3 and cleaved caspase-9 (P<0.05). circVRK1 was found to
negatively regulate miR-4428 expression, with this effect observed only in the WT-circVRK1 group. miR-4428 levels were
lower in the pcDNA-circVRK1 group compared to the pcDNA group (P<0.05) and higher in the si-circVRK1 group
compared to the si-NC group (P<0.05). Co-transfection with pcDNA-circVRK1+miR-4428 resulted in increased cell
viability (P<0.05) and Ki-67 expression (P<0.05), and decreased apoptosis rates and levels of cleaved caspase-3 and cleaved
caspase-9 (P<0.05) compared to co-transfection with pcDNA-circVRK1+miR-NC. Conclusion Overexpression of
circVRK1 reduces the proliferation ability of acute ALL cells and induces cell apoptosis by downregulating miR-4428
expression.
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AR AT AE A I (acute lymphoblastic leukemia,
ALL) 2 — P, £ 82 Tk i R h i 5
WA RE T O IR R, M R R AE,
PG IEH 09 1E  hRE, ALLIE U 322", FROIRRNA
(circular RNA, circRNA ) & —F 455k A FE IS RNA,
AMREPERNATIEE ELA 5555 F13 05, B AT LIRSS 5 R T
/NRNA (microRNA, miRNA), ¥4 55 H i 2, F 1 i B
miRNAXTHHUEE R (R Y Jeri it & 23R
circRNA Y 55 635 50 1Y 2B Rk R DIAH DG 4
HAH, circ RN A 2 4 1 Y 0 1 e s Bt e o 14 O
PR R BT R U] B R circ VRK AT
PRLJRE 240 B Y 5 BE RS . {Hcirc VRKIZEALL S iy
AR IIRGE . ANRBIZH 18 37 StarBase M & Blcirc VRK1
5 miR-4428F HAMNT A, S F b, AR #E—L 0 T
circVRK1FImiR-4428 7 ALLAH S FE M T- P AU E R,
PARIET

1 #MR5FE

1.1 FE#H

ALLANIKOCL44M F iR 1#7%; pcDNA ., pcDNA-
circVRK 1 H b7 #4495 Lipofectamine™ 3000
Transfection Reagentf’ YL i 7| [ & B Invitrogen;
DMEM5 5 5 iR 4 1L 3% 1 1 55 18l Gibeo; pGL3 T kLI
H 2% E Promega; Trizolisl 71| Fl J % 57 5 5 't i #PCRIA
7 & H 3¢ [E Thermo Fisher; J A %2 w357 B b 72 K
WAk —Pii A BRI SEHE; P4 H 3 [E Santa Cruz;
miR-4428# 4114 (miR-4428 mimics, JC’ FmiR-4428 ) FIHi)
#l7#) (anti-miR-4428) | circVRK1/NFHRNA (si-
circVRK1) L S AH R X} FEmiR-NC. anti-miR-NC, si-
NCI A )M AEY); CCK-831R%7) . 40 Tk 3 ) |
JER R I B VL WRIR 2 D . BRI ALK . U2
PERIN R & AN AR A RS . S R A L
UK ; BeyoECL Plusfb2# AL & W VLR E 2 K
WA BR A
1.2 WHRAE
1.2.1 %¥44a

KOCL44ZH B A & A G 4F s . TR R HER
HIDMEME;F3E, F37 °C RS E5%CO, 15 74 N 35
Fi, R AN A KA B IR 80% I FEATHE e, SR P g ik
e geyd: (B #8 Lipofectamine™ 3000 Transfection Reagent’%
YR 73560 ) B pcDNA |, pcDNA-circVRK1, anti-miR-
NC. anti-miR-4428 . si-circVRK1. si-NC/} | %
KOCL444iJifl, 43 5ic HpcDNAZ . pcDNA-circVRK14

anti-miR-NCZ | anti-miR-44284f | si-circVRK14H fsi-
NCA . R HINR B AH: 444 pcDNA-circ VRK1 flmiR-
NCH(miR-4428 mimicsH:H% 4L 2 41, 53510 pcDNA-
circVRK1+miR-NC# . pcDNA-circVRK1+miR-44284 .
1.2.2  qRT-PCR#& M circVRK147miR-4428 44 & & /K-F

% Yka8 hjii, K A Trizolik 743 52 B4 41 KOCL44
A ERNA, RGN ERNAWEE . FlifS,
HZ 4R R U0F 2 2 uL 5xgDNA Buffer, 2 uL 10xKing
RT Buffer, 1 pL FastKing RT Enzyme Mix, 2 uL FQ-RT
Primer Mix, 2 ug RNA; 2 i 2514:: 42 °C 15 min, 95 °C
3min. #XJ5, LAIcCDNAHR, ABI StepOnePluss$ 't
PCRIX#EATqQRT-PCRY 1Y, K Wi 95 °C 2 min, 95 C
15,60 °C 1 min, 72 °C 30 s(ffi¥F40%K) . circVRK1Al
miR-4428 1 AHXT R IA i k2 9k T
1.2.3 CCK-85 34t 4m i 3§ 74

S KOCL44MufE 96 LA %A #4448 b, Iidk
K HIKOCL444 L, i FE U I 1545 pg FH 11 45 19 CCK- 81 i
REPRAHAI4 h, {5 AR O 450 nmAb B IROGRE A
1.2.4 AKX @R AR 4008 T F

§EYL48 g, WEE A A KOCLA44N I, 4% % fF 5 5%
JZ(1x10°) . M4 Annexin V-FITC/PHAHKI &5, 761
I FFRE 200 8 T ARG ) S I 2 A L b, SRS TS IR
BN N L4 1 QR S B W 1 1 &7 TR 3
1.2.5 MR AF BERAE F 34 M circ VRK1 5 miR-442849
AP FA

circVRK LAY 581 1 75 45 5 miR-4428 FAMY % R T
G, WKL, ¥ circVRKUFH i & A miR-4428%5 G i/
DX Ao SR Wl S L 3, PG I R A i i R AR
YME . B TT RS ApGL3EAA, i circ VRK1EF 4=
R 5 R (WT-circVRKL) o 2€2F circ VRK1F 41 i il
miR-4428 F MY A7 s, B 58748 1 circ VRK 1T 91 e e 3|
pGL3ZIA, #4Hcirc VRK1 2 A 2 TR (MUT-circVRK1 ) .
Pt FRIEY )T B W T-circVRK1 , MUT-circVRK143 ] 5
miR-4428 5 miR-NCI:4% Yt ZEKOCL4440 L, 53 4: WT-
circVRK1+miR-NC, WT-circVRK1+ miR-4428, MUT-
circVRK1+miR-NCFIMUT-circVRK1+ miR-44284H ., #&
Ji, B AR B T B SRAR N KT AR 24 h, (TG R EEE

WT-circVRK1 5' cuUUUGACUUUUU -UCUCCUUc 3'

miR-4428 3' CgAGGUACMGGGCL\éLJ}&MC 5'

MUT-circVRK1 5' cuCUUGACUGUUU -CACAUCGc 3'

Bl 1 circVRK1FmiR-4428 058 A E 40 F 51
Fig 1 Targeted complementary sequences of circVRK1 and miR-4428
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1.2.6 Western blot’2>M|Ki-67. cleaved caspase-3. cleaved
caspase-9 & &) RiL &

5 LH AL G 48 N, A T4 A 2 D SRR 0% i )
SR RS TR RS R TR vkt i RS P W e R )
TR T R LR AR, TR AR AR 3 B
RN BE By o A BN A= W3Ry 1 AR Rr e 4h
B, o B R A B LT e R b SR
Ki-67(1 : 800) . cleaved caspase-3(1: 1000) . cleaved
caspase-9(1 : 1000)—415NZGAPDHL{A(1 : 3000)
M B B AL LT AE R, BBRR S B M —BUE, HIREE
PSS o 3 id BeyoECL Plusfbaf & MG & vl
PARIEE R 400 . USRI 1 2% 22 Image A4 03
PR BEAH, 52— DL H B E H 5 NS 8 H GAPDH K fEL Y
FE s H B A A Rk
13 ZitFEFE

K HISPSS21.058 T2 A 70 il , 1 8 BERE LA
X RN, TEAS S A1 A ECE W0 2 8] B BCR FH M ST AR AS A6
538 Fbonferroni¥& AT PIEACIE, 2241 H] L AR HI B
PR3 07 22500, P LB i Dunnet 7%, P<0.0504 2 5
AR

2 #R

2.1 circVRK1id FRi% 3T KOCL44 40 Bt 58 fY 400

A4 FpcDNAZL, pcDNA-circVRK14H [ circ VRK 1
ik E1H, KOCLA44 Ml 1% )1 FIKi-67 85 118 15 K A%, 22
SAGE L (P<0.05), WLIE2,

2.2 circVRK1id Fix X KOCL44 4 i T- B9 5500

5pcDNAZ LAE, pcDNA-circ VRK14 1 KOCL44 4
JEJHT- 3 Fllcleaved caspase-3. cleaved caspase-9& [ 7K
Thie, 25 A g0t L(P<0.05), WK,

2.3 circVRK1#E[6)#F miR-4428/) K%

5 miR-NCAH b, miR-4428 K3 W55 Yl T WT-
circVRKIZH AL 2R MG VE, 22 A Ge it L (P<
0.05), [HASZIMUT-circVRK14H, W551. AP, circVRK1
1 RIA I miR-4428 193K, 1 circ VRK 1T ER W A2 3
miR-4428 33k, 22 A Gt L (P<0.05), W42,

2.4 miR-4428{K KX MFIKOCL44 40 H 1L 3A | {2 i3 LA P
AT

i 4] WL, A% Franti-miR-NC4H, anti-miR-44284
Y miR-4428 1 Fe ik /L, KOCL444 i 71 LA & Ki-67 7%
H K T-REAR, G I8 T- % Fcleaved caspase-3. cleaved
caspase—9%|i{7quﬂr%'}, ZRWE G2 L (P<0.05) .
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Fig 2 Effects of circVRK1 overexpression on KOCL44 cell proliferation
and related protein expression

A, The expression level of circVRK1 assessed by qRT-PCR (n=9); B, CCK-8
assay performed to evaluate cell viability (n=9); C, Western blot performed
to determine Ki-67 protein expression (the relative molecular mass of Ki-67
and GAPDH proteins is 358x10° and 37x10°, respectively. n=3). " P<0.05, vs.
pcDNA.
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Fig 3 High expression of circVRK1 promoted apoptosis of KOCL44 cells
A, Flow cytometry; B, apoptosis rate determined by flow cytometry (n=9);
C, Western blot (the relative molecular mass of cleaved caspase-3, cleaved
caspase-9, and GAPDH proteins is 17x10°, 35x10”, and 37x10°, respectively); D,
relative expression of proteins assessed by Western blot (n=3). * P<0.05, vs.

pcDNA.
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Table1 Dual luciferase report assay (X+s)

Relative luciferase activity

Group n t P
miR-NC miR-4428

WT-circVRK1 9  0.96+0.06 0.42+0.04  22.465 <0.001

MUT-circVRKI 9 0.99+0.07 0.98+0.05 0.349  0.732

F2 circVRKLF#EmiR-442809 K% ( 2+5)
Table 2 Regulation of miR-4428 expression by circVRK1 (% s)

Group n miR-4428
pcDNA 9 1.000.00
pcDNA-circVRK1 9 0.512£0.04~
si-NC 9 1.02+0.07
si-circVRK1 9 3.14+0.26"

" P<0.05, vs. pcDNA group; * P<0.05, vs. si-NC group.
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Fig 4 Effects of miR-4428 interference on KOCL44 cell proliferation and
apoptosis
A, qRT-PCR (n=9); B, CCK-8 (n=9); C, flow cytometry; D, apoptosis rate
assessed by flow cytometry (n=9); E, Western blot (the relative molecular mass of
Ki-67, cleaved caspase-3, cleaved caspase-9, and GAPDH proteins is 358x10°,
17X103, 35><103, and 37><103, respectively); F, relative expression of proteins

assessed by Western blot (n=3). : P<0.05, vs. anti-miR-NC.
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KOCL444H i 1 58 F0 8 T B ¥ 1E A
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pcDNA-circVRK1+miR-44282H KOCL44 41 a5 71 LA X Ki-
678 H/KFE3G 0, 4RHE A T2 Ficleaved caspase-3 ., cleaved-
caspase9HH 1K PREAR, 225 A Ge it 5 L (P<0.05)
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Fig5 Upregulation of miR-4428 reversed the effects of circVRK1
overexpression on KOCL44 cell proliferation and apoptosis
A, qQRT-PCR (n=9); B, CCK-8 (n=9); C, flow cytometry; D, apoptosis rate
assessed by flow cytometry (n=9); E, Western blot (the relative molecular mass of
the proteins is as shown in Fig 4); F, relative expression of proteins assessed by
Western blot (n=9); a, pcDNA-circVRK1+miR-NC; b, pcDNA-circVRK1+miR-4428.
! P<0.05, vs. pcDNA-circVRK1+miR-NC.
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A cire VRK L AJ P04 MR 20 0 A i 1l 85 /A g 44
ML) B8 . A AR FETT . AR SN R AR AR ) 5
M 7 7R B BRR AN 4 24T, circ VRK YA
A ERBAR, SR, MHRIK LR, SRR A
20 6 ) 4 GE R E RS e ) 2 2R U, {Heirc VRKIAE
ALL R b 09 08 R WARE . AR5 45 R WoR,
circVRK 11 &34 if il ALLAH 3458, [R) s A KG-6 711
FEIRIK, M Ki-67F 1k 18 AT {i 1F 240 ff g 4 ), 4 7R
circVRK 13T A T )l 55 ALLAN A HASERE 7T o caspase9Fil
caspase3 ¥ BT AR A AU A AR R T2 L ARBFSE I L )
T 4B R T R AR B A TR A0 2658 & Bl circ VRK A2
ALLZHAEAT .

TP miR-4428 K35 A il g 240 B0 A 3 5 L ST AR
M2, PRI T2 . miR-44287F HUR I o 61k
A, I AT REAVE S HUIR B2 W TR AR W) bR i
ARHF SRS circ VRK AT $E 1] 45 4 miR-4428, T4 miR-
44283 3K AT A ALLAH M 385 58 2 A E A L JH 1, T miR-
44285 F Kk AT I 55 circ VRK 13 e 3h 15 A 52 0 . 4R
circ VRK1 AJ 3 15 #2111 45 & miR -4428 XF ALLZH g3 5 A1
T AR

Zi R, circ VRK1 AT 3l 28 T i miR-4428 31 il
ALLAN 3478 K AR HEAN AR IA T, 45 R T RE M ALLIYIRYT
PR AR [ 7 1, AEASBIR SR AL B TR AP 5250, AR
WITE IR G REFSE . Bl S BT R FH Sh A R B A
WHFE Y4538, 13— 70 BT miR-4428 4 #2 ALLAH I 1458 M
PHTRIBLE]

* * *

PEZ TR sl G ST g . IE AT L A ST BTk
WUERIPIRG S 1F, SR A THE SR, BB S R S RS R,
HIFGR ST R ROt IrafE# C 2R TR SR A AT,
X B R RA A T I SE R, IR R TAER BT Dy i 5 5
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