PEENTIZHSR MREE

www.CITER.com Chinese Journal of Tissue Engineering Research

RERELAES o MBS SRR TN RERS IS 22 MR BB PR AV IS SE A T

®m|, FEH, A, DER, N BC D8

https://doi.org/10.12307/2026.540
SKFABHE: 2025-01-20

SCERIREIE . AeaRiEE o 5 IE IR R AR T et R AR A
| shchka+mdivil |

@844 2025-04-03 X o Wi
EHEM: 20250426 BT
PEDES:
R459.9; R318; R739.41 CHKA L8R 7T I8 4m i || Westernblot faiZ 4 TR R
A UBTMG £= U251 LAl AR IR || AREULT A

XHEFRRES: B

NERS:
2095-4344(2026)01-00130-09 L I I

b KA T G -

(1) 7 M AR ﬂ‘??@ﬁ‘) PAEY ik
(2) HLIKIE A T A S| (1) g

(3) fmHL A ATP K (2) AT .

SCRRRE X :

BRI : &P XA R G TR E bR, G P RSt R R BV E AR B vy, A v LR ZRME A e, A RT FBOR LR K &
FH A MHBR Al o B R A S SRERE 5 bR 20 MO0 A A Qs i R DD AR 50 o N B i o) v 2008 5 I R F) 1R 2 AN B A
SIEASE, (HEAAAE B A 6 -

LRIATHRE : 2R S AT RE QT Ly, SATSTYRFRATPAE G SR BT AR T % . IR HAR R DL Zohi A Th e, S
PEEUKP TR M2 LR A7 2R L, XA BT IR 40 B ) AL A7 A T

HE

B NEIREEF LA SSEEEE, S SR IRELIERL &, YRR e B AVE S S R AR . FARRRY, BEA Ao
L PR R mRIE, SANMREEE . AU E AR R R DI S . VR NTERAE MR T A, JIEBR A T o R A IR s R T B R R4
FH M /it — 2R

B TG REBEsmE osth 1 5 98 U8 7 MG AT U 2.5 L4 Jfa 448 B AT 1 [ 520 B Lok o

3 W NER B o BRI B S 2 O T B L B I BRI USTMG MU A 1 i v, 30 3378 S L B W R R4 T 2, B JT] Western bloths:
AR SE R TN IR (A HIR A, 5k S8 5 R AT A I 4T B Y AR5 R B KT, IC-1i ) S I 2R b AR B e 67, Ak 2 A 56200 52 401 i, P ATP
Frim, CCK-8KIZHuIbstfe 11, QA ARG M AL IR T2k SR SR 2k A 3 Z44M 1 77 M dlivi- LA~ 377 B 38k it oo SR 193 25 40 B Fr) 2
RARIIAE . 05 N IESTUSTMGEN it i R 41 B3 S N R AR Y, 0 22 REL R S A ool U 3R i S DA R Ak FH 4k 43 2430 skl 77 M dlivi- 1 5 68 BRI A6
T

RS, O55HTEBANMATL, IHIRSET o B 5975 75 4LUSTMGHTU25 140 A 11 28 i 44 HH B I S5 2 Y A A0 288 A U Dy 58 0 428 ey S
G, RRREEIFITREM OS5 FITOM20. ACO2FIATPSAZR ik 14 i 3% T B4 (P < 0.01, P<0.001), SOD2EIA W% FJH(P<0.01, P<0.000 1),
TR UOGRRE  EHIN(P < 0.01), ZRRLPRE HLAL FIATP/K T 2 35 B I (P < 0.01, P < 0.001), 4HHIM4%EAE PGP < 0.01), JHT/KFiesE
(P <0.001); @fIAMdivi-14bHE 5, US7MGFIU25 L4 il 7% 1k 420 5% Y6 58 & PG (P < 0.05, P < 0.01), ZRbifA i B 5z FIATP/K 34 &5 25 K &R
(P<0.05, P<0.01, P<0.001), 4NfI3G5EHE J1He (P <0.05, P<0.01), JHT-/KF RNFE(P<0.05); @ULAh, ARIMER L R SLRER, 5
RO IRAAAR L, RE ORI ol L B2 7 BF L UST MG T 8 14 1 FrfRg Joft 2 A A= A i 2 35 PR AIG (P < 0.000 1), Mdlivi-1XbHE 5, g o & A1
A KT S I N(P < 0.000 1); @ZE SRR W],  HERRI R oyt Bk 175 3 LA R 3y B B RS 52 el 1 R 401 P P S e R T

KRIA): MO R REANMOR ;s RRATHAE; Mdivi-l; JETES R A, T

Choline kinase alpha silencing affects proliferation and apoptosis in glioma cells by inducing
mitochondrial dysfunction

Zhao Yang’, Li Jialin?, Wu Xiao®, Zou Yourui’, Liu Yang®, Ma Hui®

'Ningxia Medical University, Yinchuan 750004, Ningxia Hui Autonomous Region, China; “Tianjin Hospital, Tianjin 300000, China; *General Hospital of Ningxia
Medical University, Yinchuan 750004, Ningxia Hui Autonomous Region, China

Zhao Yang, Master candidate, Ningxia Medical University, Yinchuan 750004, Ningxia Hui Autonomous Region, China

YFEEAKRY, TAERHBRAN T 750004; P KETREER, KET  300000; PTEEAKRFEER, TAEKASERX4A) T 750004
E—{EE: &AM, B, 1998 F4, Rk, TAEAKRFEEML, TEAERMBHIR.

WBIEE: D%, 4, #42, TAEAKRFLEER, TAERASREA)NT 750004

https://orcid.org/0000-0001-5801-549X( & #£ ); https://orcid.org/0009-0002-1715-0227( A A )

ELE: BRaAAFAAIAE (82460469), A E fiwA: L 7B AAAF AL T A (2024AAC03591), F B fisrA: X F8;
T E G ARFE AR (2022AAC03559), FE R FTA: L#E

SIFAAIC: A8, ZER, &, A, X, D JRaREE o KI5 AAIR T R RTH e R G te ey 36 7 A A T (]
W ) 4048 TA2AFS, 2026, 30(1):130-138.

130 | PEARTEASR | 55305 | 5518 | 2026F18



HAREE

PEAATERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

Corresponding author: Ma Hui, PhD, Professor, General Hospital of Ningxia Medical University, Yinchuan 750004, Ningxia Hui Autonomous Region, China

Abstract

BACKGROUND: Choline kinase alpha is a key enzyme in phospholipid metabolism, involved in the synthesis of phosphatidylcholine, and plays an important
role in maintaining cell membrane integrity and signal transduction. Research has shown that choline kinase alpha is highly expressed in various tumors and
is closely related to cell proliferation, metabolic reprogramming, and tumor progression. As a potential therapeutic target, the role of choline kinase alpha in

tumor metabolism and mitochondrial function still needs further exploration.

OBIJECTIVE: To evaluate the effects and the underlying mechanisms of choline kinase alpha on the proliferation and apoptosis of glioma U87MG and U251 cells.
METHODS: Short hairpin RNA of choline kinase alpha and its empty vector control were transfected into U87MG and U251 glioma cells. Mitochondrial
morphology was observed by transmission electron microscopy. Mitochondrial structure and functional protein levels were assessed by western blot assay.
Reactive oxygen species levels in cells were measured using a reactive oxygen species fluorescent probe. Mitochondrial membrane potential was assessed with
a JC-1 assay. Intracellular adenosine triphosphate levels were measured by chemiluminescence. Cell proliferation was evaluated using a

CCK-8 assay. Apoptosis levels were analyzed by flow cytometry. The mitochondrial fission inhibitor Mdivi-1 was used to protect the mitochondrial function of
the choline kinase a-silenced lentiviral cells. Finally, U87MG cells were subcutaneously injected to construct a subcutaneous tumor model in nude mice. The
tumor growth in nude mice was observed before and after choline kinase alpha silencing and after the use of the mitochondrial fission inhibitor Mdivi-1.
RESULTS AND CONCLUSION: (1) Compared with the empty control group, the mitochondria of U87MG and U251 cells in the choline kinase alpha silencing
lentivirus group exhibited significant structural abnormalities in mitochondria, such as vacuolization and cristae disruption. The expressions of mitochondrial
structure and function-related proteins TOM20, ACO2, and ATP5A were significantly decreased (P < 0.01, P < 0.001), the expression of SOD2 was significantly
increased (P < 0.01, P <0.000 1), the fluorescence intensity of reactive oxygen species was significantly increased (P < 0.01), the mitochondrial membrane
potential and adenosine triphosphate level were significantly decreased (P < 0.01, P < 0.001), the cell proliferation ability was reduced (P < 0.01), and the
apoptosis level was increased (P < 0.001). (2) Following Mdivi-1 treatment, the fluorescence intensity of reactive oxygen species in U87MG and U251 cells
decreased (P < 0.05, P < 0.01), mitochondrial membrane potential and adenosine triphosphate levels were significantly restored (P < 0.05, P < 0.01, P <0.001),
cell proliferation ability was improved (P < 0.05, P < 0.01), and apoptosis level was decreased (P < 0.05). (3) In addition, the in vitro subcutaneous tumor
formation experiment of nude mice showed that compared with the empty control group, the mass and growth rate of subcutaneous tumors formed by
U87MG cells in the choline kinase alpha silencing lentivirus group were significantly reduced (P < 0.000 1). After Mdivi-1 treatment, the mass and growth rate
of tumors were significantly increased (P < 0.000 1). (4) The results show that choline kinase alpha silencing affects the proliferation and apoptosis of glioma

cells by inducing mitochondrial dysfunction.

Key words: choline kinase alpha; glioblastoma; mitochondrial function; Mdivi-1; reactive oxygen species; mitochondrial membrane potential; proliferation;

apoptosis
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Figure 1 | Constructing U87MG and U251 cell models with reduced
choline kinase alpha (CHKA) expression

(P<0.01, P<0.0001), F{EEYH LA ZE KAk T BE i A5
1R IR SRR R B AR M LR AL R B

2.3 CHKA 7L Bk 2T USTMG #= U251 4m JItL 2% 45 1K 38 6% 49 % v
N T A B CHKA YU BRX BOoRi AR D R R RE I, 43 Sl o
T CHKA iU BR T f5 USTMG A1 U251 I R ML ZohifAk s el
A ATP 2 8 (AR AL o ) FH 5% ' J Bl %o 5% 2 4 L 0 0%
PEEKFHEAT R, 455 2R shCHKA 4 US7MG FlI U251 4
L Py R0 Ol 5 B 5 shNC 41 8. 25 T (P < 0.01, [B] 3A, D).
I SRR AR 1) JC-1 %6 LUAB SR VT A% - 2H 44t iy 2 i Ak
JEHLAL, DGR LSRR IC-1 RAEAE (il AL ),
2% A0 96 R R IC-1 AR (ICHE L A7 ), 45 2R 7R shCHKA
Y IC-1 AR [ AR LA B, X 3R B CHKA UL ER )5
UB7MG F U251 2 Jif F) A Kt A 162 FEL AL 7K S il 25 [ AIK (P < 0.01,
P<0.001, [E3B, E). bR IGFEAK & 440y ATP
KPR, 25 R AGNKEE R (nmol) ik, 45 JL 7R shCHKA
4H USTMG F1 U251 4fI il Py ATP 7K “F-45% shNC 4H 2 2 [ (% (P <
0.01, [ 3c).

2.4 CHKA L 2k 3t US7TMG #= U251 4m it 3% 74 4= A T 4 % "
ZWFFUIRAIE T CHKA JTER 2> 512 UB7MG Al U251 41 i 4 it 4
GERIRITHREI — R AR, ]Ik 3% 1 A2 o 5 2ok A 52 B0
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Figure 2 | Changes in mitochondrial morphology and structural protein
expression in U87MG and U251 cells after choline kinase alpha (CHKA)
silencing
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Figure 3 | Effect of choline kinase alpha (CHKA) silencing on mitochondrial
function in U87MG and U251 cells
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Figure 7 | Effect of Mdivi-1 on proliferation and apoptosis of U87MG and U251 cells silenced by choline kinase alpha (CHKA)
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