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[Abstract] Objective: This study aims to examine the expression of ZBTB3 in human glioblastoma(GBM) tissues and cell lines, and
to explore the effects of ZBTB3 on the proliferation and clonal formation of GBM cells and their regulatory mechanism. Methods: The
expression of ZBTB3 in tumor tissues of GBM patients was analyzed by GEPIA2 database. The mRNA and protein expression levels of
ZBTB3 in GBM cell lines(U251,U373,U87) were detected by RT-PCR, qPCR and Western blot, and U87 cell line was identified with
the highest expression of ZBTB3. CCK-8 and clonal formation assay were used to examine the effects of silencing ZBTB3 on the
proliferation and clonal formation of U87 cells. U87 cells were treated with p38MAPK, AMPK and Aktl inhibitors, and the
phosphorylation levels of p38MAPK, AMPK and Aktl were detected by Western blot. ZBTB3 mRNA and protein levels were detected
by RT-PCR, qPCR and Western blot. Cell proliferation and clone formation were examined by CCK-8 and clone formation assay.
Results: The expression of ZBTB3 in tumor tissues of GBM patients was significantly higher than that in normal tissues. The
expression levels of ZBTB3 in U251, U373 and U87 cell lines were examined, and the highest expression in U87 cells was observed.
Silencing ZBTB3 markedly inhibited the proliferation and clonal formation of U87 cells. AMPK inhibition could not only obviously
reduce the expression level of ZBTB3 in U87 cells, but also markedly attenuate the proliferation and clonal formation of U87 cells.

Conclusion: The expression of ZBTB3 is obviously increased in GBM tissues and cells, and the AMPK - up - regulated ZBTB3
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expression promotes the proliferation and clonal formation of GBM cells.
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b iR ZBTB3 HE P () 3RA e F GBM i s , H Hij
MANEAE
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1.1 #H

HL L p38MAPK (t-p38MAPK ) W21k p38MAPK
(p-p38MAPK) . B AMPK (t-AMPK ) | # liZ b AMPK
(p-AMPK) . it Akt (t-Aktl) BBk Aktl (p-Aktl,
Serd73 ) LA (Cell Signaling Technology /A ], 2 ) ;
PL ZBTB3 Btk (BAR IE BEAE WA A ) 5 B-actin FLAK
(Affinity 28 1), 388 ) s HRP FRIC Y Ll SE- 5T A Ll =
Pt B Pt (Biosharp A 7], £ ) . CCK-8 i & .
Perifosine (Akt1 #1757 ) . SB203580 (p38 111 il 1] ) Al
Compound C(AMPK #i il 7)) (MCE A /], 361H) . i
4= 1fil ¥ (fetal bovine serum, FBS) (Wisent 2 &) , &
), DMEM 15325 (Gibeo A A, 32 ) o 35 mm 4 iy
1% 3% 1. (Thermo Fisher Scientific A &), £ H ), A
GBM il jits & (U87.U373.U251) iy A FhBFg | i 41
JHLZE .
12 Fi#k
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¥ U87.U373, U251 4 fd 45 #F F 3 mL &% 10%
FBS ) DMEM 52 255 52, T 37 °C.5%CO, i
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JHREE R AL A, 23500 T B 2B, 42 123 L foild
T35 () A M 855 SR L, AT AR A, JT Ak 2k & T
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PCR) : 38 1 NCBI £l 5 A #8 A\ ZBTB3 Fll GAPDH %
CDS &4, 314 F Primer Premier 5 #44F%3+ PCR
19, s A RGEA AR A 5197540
T :ZBTB3 |-3}#5'-CCACTGGTGGGGACCTTTTT -3,
TS5 -AGCAGAGCCTTTCCATTCCC -3';GAPDH |
5 -CAAGGTCATCCATGACAACTTTG-3", FiiE5'-
GTCCACCACCCTGTTGCTGTAG -3', 2 B4 i i
RNA, i¥i % 5 & ¢<DNA, DL ¢cDNA J #5247 , F Prime-
STAR“Max DNA Polymerase %} ¢cDNA #47 PCR 4 3%
SN, PCR 7= 9 F 1.5 % 19 B g W 6 0 F 47 H ok
(120 V, 30 min) , W& WL . {8 /] Quantity One #X
AT LK SRt HEA T R B A RIS A 72 AT

SEARE  PCR(quantitativereal -time PCR,qPCR) ;
18 1 NCBI %4l i A % A\ ZBTB3 FlB-actin % [H CDS
74, 341 i Primer Premier 5 #4131+ PCR 514,
HEHEVMREAIRAF S 519F5WTF .
ZBTB3 [{i#5'-TCCTTCGTGGGGTACTATGGA-3",
I 5 -CCAATTCCCGCTCCTTGTAGAA-3' ; B-actin |-
i 5'-CAGCCATGTACGTTGCTATCCAGG-3", Fijf# 5’
-AGGTCCAGACGCAGGATGGCATG -3’ , M REA
W 3L, S 554 {4 FH ABI Step One Plus 5%
A 22 i PCR SGHEATY 34 s g . DFR IR BT B : 95 C
5 min; QFEFRHBE: 95 °C 10 5,60 C 30 s, 3 40 4
TEER ; @ fr 2 BE . 95 °C 15 5,60 °C 30 5,95 C
15 s, SRR PR, D) B-actin /AN Z:  iHEA
ARy 2,

Western blot : ¥ 21 it 24 i W 22006 J5 B 00 B I
i, 10% T HIE B4 T SDS-PAGE HLIK , 45 50 V 1H
FEHe s, P9 120 V H e HL YK 43 25 2 h, #2456 H 0.3A
TR 2 h, R E R ENR PVDF B I )5, B 5% i iR
Wy = R B 2 b, I A$L ZBTB3 Piik 4 CHF & 1
R, IXTBST PR 3 U, 5K 30 min, FF HRPFRIEH
THURE IR E 40 min, YUk 3 A 1T ECLAL A &0k
BN A H Quantity One 04X} H Kk 257 647
JREEFHE, RIS T2 53T o
123 smppstie

B1.5 mL EP%, A 6 pL Lipofectamine 2000 F/1
94 pLICIILE DMEM, WRATIRAT, #HE S ming 55 LA
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i WRFTIRA) , 58 15 ming 75 S 4035 33 L
DMEM, FH PBS {5 ¥t , JIA 1.8 mL JCIfiL & DMEM, #¢
i 8 J5 1) Lipofectamine 2000 1L IR 51 R 2% 12
TR I A 2R R R L
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fi 4 h shZBTB3-1 . shZBTB3-2 Fll shZBTB3-3, Jfifk
77 DNA ¥ %5 . 8 45 ¥ 51 shZBTB3-1:5' -
GCTTCTGGACTTTATGTATGC -3’ ; shZBTB3-2: 5’ -
GGAAACCAACTCACAGCTTCC-3' ; shZBTB3-3:5'-
GCATCTCAGCAGTTTCATTGG-3" , [a) i 44 2 %if
shRNA Jii %7 (shCTR) . ¥ shCTR . shZBTB3-1 .,
shZBTB3-2 Fll shZBTB3-3 73l % 4+ U7 Z i 48 h, If:
5 RNA #1414, 47 RT-PCR . qPCR Hl Western blot
i e S AR TR A5, i[RI o
1.2.5 Western blot # M| p38MAPK ., AMPK ., Akt #9
BEBR A KT

JC I 7 15 #7% UST 41 i 12 h, FH 10 wmol/L 1Y
SB203580 ., Compound C Fl1 Perifosine 437!l Zb BLA4H g,
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7R, U373 Fl U8T 4l il = 2 35 ZBTB3 ) mRNA (&1
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Figure 1 ZBTB3 expression in glioma tissues and cells
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WSS L 48 p38MAPK #1451 (SB203580)
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43 5 BEL T p38MAPK . AMPK F Akt1 (R R AL , 10 &
X HA B R R R YA 2 m (1 3A .B) o IEAh,
HI Compound C &b P U87 41 Y J5 , ZBTB3 ) mRNA
(E3C.D) FE (1 (B 3E . F) ik B 18 FRAK, 1
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ZBTB3 N p9FRIA
2.4 ApH) AMPK %t US7 m Rt 74 Fm 5 [& T A% 09 75 v
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PEHEAE R, 1 AMPK #1551 Compound C 4b ¥ U87
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GG I 40 i P B B K O, 2 R T R e e, 3
TR e . 45 3R W, Compound C BETT B i #1)
il UST 2 L A 14 78 (&1 4A ) , SURE S 25 1) UST 4 il
P FERETE B (4B .C) o #2278 AMPK A5 %40+ 1T
fL RT3 UST 20 g A 35 5 A v B TE B i

3 3 8
GBM J& T B8 IV 2%, S R R 1 e v ) I i



A3 EH 3

TR, tﬁj’f‘ {ELAL.\F}

- ZBTB3 F35 008 5[5t R 241 e 240 16 5 s BT g 2 0 .

20234F3 Fﬁa@ﬂjﬁﬁﬁ(aﬁkﬂ 1) ,2023,43(3):297-303 - 301 -
A N A D 1.5 G AN ad
CAPRC . oY o
SO SR SR i PR\ LSRN Q?)
%\\(ﬁ %\\(I)% %\&IS) %\\f[S) ;g %\\Qﬁ g‘\q& %\\1&
1.0
=
oron [ oo 209 ﬂ . - e
SEs (I .
R

D\ﬂ 5 E s F 220
ﬁ 1.0 E10 4% =
Janag o 5=
s 2 - 5 100
45 0.5 = 0.5 = 50 EEs
@ =
= 0 S 0
= 0
N ) NS )
2 an O a® AR
SRR A o WO g9
@% T \@ N\ i B

A B:RT-PCR(A) 1 qPCR(B) &
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Figure 2 Effects of ZBTB3 silencing on U87 cell proliferation and clonal formation
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A .B:Western blot £ p38MAPK , AMPK , Akt1 [T R AL /K - (A : Western blot FRFK 45417 5 B: 2 /M &) ;€ .D: RT-PCR (C) F PCR
(D) Kzl ZBTB3 (1 mRNA 35 £ & ; E.F: Western blot £l ZBTB3 1) & [1 3 357K V- (E: Western blot Ik 5577 ; F: 28 i 4 WA B ) o 5
DMSO AbHZH b4, P < 0.01(n=3),
E3 p38MAPK.AMPK 1 Akt1 #] il 5%3 U87 Zhi A ZBTB3 &K i%k A #201
Figure 3 The effects of p38MAPK,AMPK and Akt1 inhibitors on ZBTB3 expression in U87 cells

i, A N IE, CBM B ESRPLEI M A, WE &k  IL-6 A STAT3 WG4k, M2 2F GBM 4458 A=
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Figure 4 The effects of AMPK inhibitor on proliferation and clonal formation of U87 cells

i) SH3BGRL3 X fig I i STAT3, JE Jl STAT3 -
SH3BGRL3 FF B A2 3 GBM 40 il (3 5, %5 Li 251>
K AG T4 Akt 1G4 T DUE #E Wnt/B-catenin &
S S, B-catenin A 41 IS )5 BT iR L A
(4N c-myc . Cyclin D145) BO%E 5% , TG 5E T GBM 41
5 e

ZBTB3 J& TR 45 Fl BTB/POZ %% #4 1 S K 1
FWEIL L o B SCHRHE A0 200 i LR Ji
T PRSI T ZBTB3 15 28 38 -0 28 ek 3 41 1 184
e GERE MR 2B E A AT R T BA 56 GBM h
ZBTB3 2 15 I Hoxt GBM AU 2R, H i i ANTE 4,
DA AR AR ZE T J T M OGAISE . 45 R & B, GBM 41
ZUrh ZBTB3 R IA W& & TIE WAL, H 5 RHEm
ARG EIEMSE, 1 GBM 40 £ U373 f1UST
f5 #63K ZBTB3 i) mRNA F12E 11, HLLL US7 41 izl
2, UG Sk FH UST 41 i T i A . AR A0 S 56
TUER ZBTB3 J PR AT dnb 25 1046l US7 241 Jifu 1 33 i 1l 5
EI N $278 ZBTB3 JE T GBM BEFAH LA, Hfth
NARE () ZBTB3 {8 B0 250 i 7L A ey
PN 1 A T RE AR — B, (HAS—IR A2, ZBTB
FEH A B2 5 P8 CBM M RG4S . il an,
Xu 587 iR, GBM 4 il b ZBTB27 =381k, H 5 &
TR IUE 2 IEA DG, ALK 4% ZBTB27 #8957 T
Tig 56 PR AXLL B 2% 35 DL S Aol pS3 38 4%, A T 412 2F
GBM 4 S A3 78 . Wang 552 530 & B, GBM 41
MerF miR-181a F&3K5 I, 155 T miR-181a X H I
ZBTB33 Fik il 200 , 580 L 1Y ZBTB33 fi¢
PEGBM 45 . HE78 ZBTB HE R S5 0 JE 28 1 51
P GBM 21 M 1 55 725 47 i 5 T2 AR 6

C 28 30 AMPK 142 [iyed 40 () A 35
BAURZ2EAW11 0 AR dE 8 GBM ZEIN ) ZFh
g 0 2 A R e WESE 4B s, GBM 41 it rh
AMPK HH 2354k , AMPK 3847 HRAS JE (R 1y 2k , T

TR A AR I A AR i GBM AR Ay HEAE . 5
A CHRGE , AMPK BEfEE HIF- 1o GABPA £ [H /)
ik, HIF-1af1 GABPA F & 556 5 T 19 T g
JEHEIE] PDK1 FI COX6A1 {335 , YE i 14 58 GBM
ML BG A RE 1 I T AMPK X ZBTB3 3 [A]
PR VE R, BT AR WL SCHR A . A kB,
AMPK {5465 o] 8 ZBTB3 3K 19 # ik , {2 i GBM
S0 6 ) 14 5 RN S R TR K, $ 7R AMPK 5l 0] LA o
-V ZBTB3 Y # AL HE GBM 21 Jfd 1) 3 5 71 e A T
o £ EHED . AMPK ¥ 425 GBM 41 Jifd 3 8 (1) 1t i
AT RE VS MO 2 R Ui SE I (40 HRAS VHIF -1,
GABPA F1ZBTB3 55) W ia#i . X SL 3 R 2Z [ 2 15
FEAE LR REE AR WA Ff 5 223250 m LA
FE A .

ZE LR, AR5 B . GBM MR 21 21 Fil GBM
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