MINXZZH®R (EFH) 2024, 55 (4) : 872 —877 e
J Sichuan Univ ( Med Sci) doi: 10.12182/20240760102 LA

it
circVRK158 [ miR-44281F 2 2 14 itk B 40 1 5 I fFKOCL44
AL TE A TR S FHLRIAR S

kKL 2 RS EAR

L E BRI MR R BB MR AFE (EF 110004); 2. H [E BRI I i %t B e KU A et (L FH 110004)

[HE] BB 5 Wrcirc VRKIFImiR-44287F 20K EL AT 1 1f137 (acute lymphoblastic leukemia, ALL ) 41 g 3458 F i
TR, Fix RIMEFRALLANMKOCLA4, 55540414 : pcDNA ., pcDNA-circVRKI, anti-miR-NC. anti-miR-4428,
si-NC. si-circVRK1, pcDNA-circVRK1+miR-NCHlpcDNA-circVRK1+miR-44284 . qRT-PCRAZM 4N circVRK1FmiR-
44281133575 CCK-8%k . it XA LA 43551 A I 40 3 5 B R 125 WU e i 4 52 96 A6 cir e VRK 145 miR-4428 14 1 ]
F (52845 F circ VRK1EF A= BI3R 45 Foki (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 1% _E i (P<0.05); 55 Y pc DNABL # 4 tanti-miR-
NCHI L, % YpcDNA-circVRK18{anti-miR-4428J5 , KOCL44 41 g3 71 FIKi-67 8 1 235 F# K (P<0.05), TR Flcleaved
caspase-3, cleaved caspase-9%f K31 ( P<0.05 ) 5 circ VRK 1 A] 41 6] A 42 miR-4428 1 3535, (HiZAE A AE 5 JeW'T -
circVRKIAYZH 5 PR 31 55 pcDNAZAAR I, pcDNA-circVRK 141 miR-442855 5% (P<0.05); 5si-NCZHAH L, si-circVRK141
miR-4428F KM (P<0.05) ; 54t YepcDNA-circVRK1+miR-NCAHH b, 24554 pcDNA-circ VRK1+miR-4428 )5 41 3% 1 7+
75 (P<0.05), Ki-678 H F kB (P<0.05), JT-* Ficleaved caspase-3. cleaved caspase-9%K H /K ¥R (P<0.05) .
28 circVRK 1 ZE3A T 10 T A miR-4428 335 1855 ALLAN A A 6 71 SO S AN 1

[5R]  2MWREMIEAIR  circVRKL  miR-4428 4008958 Z0M0ET

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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Fig 1 Targeted complementary sequences of circVRK1 and miR-4428
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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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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.

3 Wit

circRNAFE R | E S miRNARES &V &, FF 33
I % B i RNLA T 47 171 8145 o RN LA 1) 26 25 DT 97 42 240 i
BB AT SRR RS cireRNA P AU miRNAZS &
7 145, (miRN AR B TG4, MRE ) figf5 -5 miRN AR 5 4NF 51
254, e icircRNA-miRNAE 54, ALL& A N ok Rty
Je B TR AILH



876 PUN S22 (B2 )

5 554

A cire VRK L AJ P04 OR300 A H i 1l 485 A g 44
ML) B8 . A AR FETT . AR SN RN AR AR N Y 5
7 FERE R AN B A AP, circ VRKIR I
A ERBAR, SR, MHRIK LR, SRR A
20 6L ) 4 G RN E RS e ) 2 2 1. {Heirc VRKIAE
ALL R b 09 08 R WARE . AR5 45 R WoR,
circ VRK 11 &3k if il ALLAH 3458, [R) s A KG-6 711
FEIRIK, M Ki-67F% 1k 118 7T 4 1k 240 g 4 ), 48 7R
circVRK 13T A T )l 55 ALLAN A HASERE 7T o caspase9Fil
caspase3 ¥ BT AR A A A AR P T2 ARBESE I L )
T 240 JH 08 T 2R RN A 2 P Y 3k & Bl circ VRK LA i
ALLZHAEAT .

TP miR-4428 K35 A il g 240 B0 A 3 5 L ST AR
M2, PRI T2 . miR-44287F R I o 61k
A, I AT REAVE S HUIR B2 W T AR W) bR
ARHFFEE L circ VRK 1A $E 1] 45 4 miR-4428, T4 miR-
44283 3K AT A ALLAH M 3% 58 K2 A E A L JH 1, T miR-
44285 FE K AT I 55 circ VRK 13 F 3h 15 A 52 0 . $47R
circ VRK 1 AJ 3 15 #2111 45 & miR -44 28 X6F ALLZH g 3 5 A1
T AR

Zi R, circ VRK1 AT 3l 28 T i miR-4428 91 il
ALLAN 3478 K AR HEAN I T, %45 R 7T RE M ALLIYIRYT
PRALHT AR ) 7 1. ABASBIF SR AL B TR AP S50, AR
WITE IR G REFSE . Bl S BT FH S A R e iE A
WHFE Y4538, ¥ — 270 BT miR-4428 4 #2 ALLAH I 1458
PHTHIBLE]

* * *

PEZ TR sl G STR T g IE AT AT BRSOk
WUERPIRG S 1F, SR A THE SR, B S R S RS R,
AIFGR ST R ROt Ira 1R # C 2R B SR A AT,
FLXP R R R RAS A T e 22, DRl TR T AT I 652

Author Contribution ZHANG Huan is responsible for data curation,
formal analysis, investigation, methodology, validation, and writing--
original draft. WU Bin is responsible for conceptualization, supervision, and
writing--review and editing. WANG Yuejiao is responsible for funding
acquisition and resources. All authors consented to the submission of the

article to the Journal. All authors approved the final version to be published

and agreed to take responsibility for all aspects of the work.
RIZEIPSE A EE LA AT 1 h

Declaration of Conflicting Interests All authors declare no competing

interests.

£ £ x W

[IJ BURATIN A, PAGANIN M, GAFFO E, et al. Large-scale circular RNA

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

deregulation in T-ALL: unlocking unique ectopic expression of molecular
subtypes. Blood Adv, 2020, 4(23): 5902-5914. doi: 10.1182/blood
advances.2020002337.

GHETTI M, VANNINI I, STORLAZZI C T, et al. Linear and circular
PVT1 in hematological malignancies and immune response: two faces of
the same coin. Mol Cancer, 2020, 19(1): 69-79. doi: 10.1186/s12943-020-
01187-5.

LI Q, REN X, WANG Y, et al. CircRNA: a rising star in leukemia. Peer],
2023, 11: e15577. doi: 10.7717/peerj.15577.

PANDA A C. Circular RNAs Act as miRNA Sponges. Adv Exp Med Biol,
2018, 1087: 67-79. doi: 10.1007/978-981-13-1426-1_6.

A, AT, ISR PRARRNATE SUVERE AR (9 T BTS2t . 23
FWSIRYT 47, 2020, 12(2): 123-126.

ZHANG L, ZHA X F, WEN W R. Research progress of circular RNA in
acute myeloid leukemia. ] Mol Diagn Ther, 2020, 12(2): 123-126.

DENG F, ZHANG C, LU T, et al. Roles of circRNAs in hematological
malignancies. Biomark Res, 2022, 10(1): 50. doi: 10.1186/540364-022-
00392-2.

TAN L, WANG L, LIU J, et al. Circvrkl downregulation attenuates brain
microvascular endothelial cell damage induced by oxygen-glucose
deprivation through modulating the miR-150-5p/MLLT1 axis. Exp Brain
Res, 2023, 241(3): 781-791. doi: 10.1007/s00221-023-06555-3.

CHENGY, SU Y, WANG §, et al. Identification of circRNA-IncRNA-
miRNA-mRNA competitive endogenous rna network as novel prognostic
markers for acute myeloid leukemia. Genes (Basel), 2020, 11(8): 868. doi:
10.3390/genes11080868.

HOU Y, SUN J, HUANG J, et al. Circular RNA circRNA_0000094
sponges microRNA-223-3p and up-regulate F-box and WD repeat
domain containing 7 to restrain T cell acute lymphoblastic leukemia
progression. Hum Cell, 2021, 34(3): 977-989. doi: 10.1007/s13577-021-
00504-4.

HU J, HAN Q, GU Y, et al. Circular RNA PVT1 expression and its roles
in acute lymphoblastic leukemia. Epigenomics, 2018, 10(6): 723-732. doi:
10.2217/epi-2017-0142.

LIU X, ZHOU C, L1 Y, et al. Upregulation of circ-0000745 in acute
lymphoblastic leukemia enhanced cell proliferation by activating ERK
pathway. Gene, 2020, 751(1): 144726-144736. doi: 10.1016/j.gene.2020.
144726.

GAFFO E, BOLDRIN E, DAL MOLIN A, et al. Circular RNA differential
expression in blood cell populations and exploration of circRNA
deregulation in pediatric acute lymphoblastic leukemia. Sci Rep, 2019,
9(1): 14670-14680. doi: 10.1038/541598-019-50864-z.

HE Y, MINGYAN E, WANG C, et al. CircVRKI regulates tumor
progression and radioresistance in esophageal squamous cell carcinoma
by regulating miR-624-3p/PTEN/PI3K/AKT signaling pathway. Int J Biol
Macromol, 2019, 125(1): 116-123. doi: 10.1016/j.ijbiomac.2018.11.273.

CARLOS J A E G, LIMA K, COSTA-LOTUFO L V, et al. AD80, a


https://doi.org/10.1182/bloodadvances.2020002337
https://doi.org/10.1182/bloodadvances.2020002337
https://doi.org/10.1182/bloodadvances.2020002337
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.1186/s12943-020-01187-5
https://doi.org/10.7717/peerj.15577
https://doi.org/10.7717/peerj.15577
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1007/978-981-13-1426-1_6
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1186/s40364-022-00392-2
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.1007/s00221-023-06555-3
https://doi.org/10.3390/genes11080868
https://doi.org/10.3390/genes11080868
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.1007/s13577-021-00504-4
https://doi.org/10.2217/epi-2017-0142
https://doi.org/10.2217/epi-2017-0142
https://doi.org/10.2217/epi-2017-0142
https://doi.org/10.2217/epi-2017-0142
https://doi.org/10.2217/epi-2017-0142
https://doi.org/10.2217/epi-2017-0142
https://doi.org/10.1016/j.gene.2020.144726
https://doi.org/10.1016/j.gene.2020.144726
https://doi.org/10.1016/j.gene.2020.144726
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1038/s41598-019-50864-z
https://doi.org/10.1016/j.ijbiomac.2018.11.273
https://doi.org/10.1016/j.ijbiomac.2018.11.273
https://doi.org/10.1016/j.ijbiomac.2018.11.273

4 1 ik XRZE: circ VRK 1HE ] miR-4428 125 St 0k B 40 il A 1555 KOCLA4ZH it 38 5 K% 7 T2 H T WL 7 877

[15]

[16]

[17]

multikinase inhibitor, exhibits antineoplastic effects in acute leukemia
cellular models targeting the PI3K/STMNT1 axis. Invest New Drugs, 2021,
39(4): 1139-1149. doi: 10.1007/s10637-021-01066-w.

LIN X L, LI K, YANG Z, et al. Dulcitol suppresses proliferation and
migration of hepatocellular carcinoma via regulating SIRT1/p53 pathway.
Phytomedicine, 2020, 66(1): 153112-153122. doi: 10.1016/j.phymed.2019.
153112.

YING K, WANG L, LONG G, et al. ACTA2-AS1 suppresses lung
adenocarcinoma progression via sequestering miR-378a-3p and miR-4428
to elevate SOX7 expression. Cell Biol Int, 2020, 44(12): 2438-2449. doi:
10.1002/cbin.11451.

WU S, ZHU J, JIANG T, et al. Long non-coding RNA ACTA2-AS1

suppresses metastasis of papillary thyroid cancer via regulation of miR-
4428/KLF9 axis. Clin Epigenetics, 2024, 16(1): 10. doi: 10.1186/s13148-
023-01622-6.
(2024 - 02 — 17Wicki, 2024 — 07 — 024& 1))
G &

FEHGREL A SCfdft AR AR AL 22 B 4 — Rl At
BY NG 4.0[F FRF A 3 (CC BY-NC 4.0), FE40(E B %7

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 (PUJIFFE2EAR (B4R YAAas MR A

Editorial Office of Journal of Sichuan University (Medical Science)


https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1007/s10637-021-01066-w
https://doi.org/10.1016/j.phymed.2019.153112
https://doi.org/10.1016/j.phymed.2019.153112
https://doi.org/10.1016/j.phymed.2019.153112
https://doi.org/10.1002/cbin.11451
https://doi.org/10.1002/cbin.11451
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://doi.org/10.1186/s13148-023-01622-6
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 材料与方法
	1.1 主要材料
	1.2 研究方法
	1.2.1 实验分组
	1.2.2 qRT-PCR检测circVRK1和miR-4428的表达水平
	1.2.3 CCK-8实验检测细胞增殖
	1.2.4 流式细胞术检测细胞凋亡率
	1.2.5 双荧光素酶报告实验检测circVRK1与miR-4428的靶向关系
	1.2.6 Western blot检测Ki-67、cleaved caspase-3、cleavedcaspase-9 蛋白表达量

	1.3 统计学方法

	2 结果
	2.1 circVRK1过表达对KOCL44细胞增殖的影响
	2.2 circVRK1过表达对KOCL44细胞凋亡的影响
	2.3 circVRK1靶向调控miR-4428的表达
	2.4 miR-4428低表达抑制KOCL44细胞增殖、促进细胞凋亡
	2.5 上调miR-4428表达对circVRK1过表达促进KOCL44细胞增殖和凋亡的逆转作用

	3 讨论
	参考文献

