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Abstract: [objective] To investigate the mechanism of histone deacetylase inhibitors (HDACIs) in suppressing glio-
ma cell proliferation.[Methods] Glioma cell lines U251 and H4 were cultured in vitro and treated with HDAClIs, including
LBHS589, M344 and SAHA, MTT assay, flow cytometry, RT-qPCR assay and western blotting were perfomed to deter-

mine the cell viability, cell cycle progression, mRNA and protein expression of minichromosome maintenance protein fam-
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ily (MCM2-7) , respectively. BrdU assay was performed to detect the DNA replication in the U251 cells after they were

treated with 0.5 pwmol/L LBH589 and 0.5 pmol/L TSA. MTT assay and flow cytometry were performed to determine the via-

bility and cell cycle progression of U251 and H4 cells respectively after they were treated with ciprofloxacin (CPX).[Re-

sults] Compared with those in control group, in HDACIs group, the cell viability was significantly decreased; the viability
of cells treated with 0.5 pmol/LL LBH589 for 12, 16, 24 h was significantly lower and the longer the LBH589 treatment,
the lower the viability (P<0.05). The percentage of U251 and H4 cells in S—phase was significantly lower (P<0.05). The

mRNA and protein expression of MCM2-7 was significantly decreased (P<0.05). BrdU incorporation rate was lower. The

cell viability and S—phase cell percentage of U251 and H4 cells treated with 0.5 mmol/LL LBH589 in CPX group were signif-

icantly decreased (both P<0.05).[ Conclusion] HDACIs suppress glioma cell proliferation via downregulating MCM2-7 ex-

pression.

Key words: glioma; histone deacetylase inhibitors (HDACIs) ; MCM2-7; cell proliferation

it 28 158 0 9RE (glioma ) J2 5 P i % DL 1) D
iR, F s i e A KRR Ak TR 24 SR
W R, WG 2 6T R E . Fik, iR iR
TR e i R 1) G~ WL B - 40T e B 1) M 245
Xt AT RS TR A WA B R L, 1R
M 2% & Bt AL B 310 1] 71 (histone deacetylase inhibi-
tors, HDACIs ) f&— 2B 8 [ HUIE 259, & REE 1 i
L e o NN E R OB L I 7 e 0 o A
T2 AR Ak 2R 2 R (4 R TR AT 3 Sk DU 28 e B
[l B2 25 , W NaBu F1 VPA; 57 32 fi5 iR 25, 41 TSA |
SAHA Fl LBH589; 7% it J¥ie 2 , 4 MS-275 F1 M344;;
RS, N FK-228, 1, SAHA © 8% FDA L H
TRYT B R T g, e 2R 8 1 25 S AL Tl 4
I TE AT R IR IT B I RIS o UG ik
“¢ $F 5 I (minichromosome maintenance proteins,
MCMs ) J&— 2% DNA 5 il {2 i B 2 # SC 54 FH 1 A
WE/E , 2 5 5 A 40 i JE 1 9 BT DNA A Bl
MCM2.3.4.5.6 F1 7 7€ G1 W LI s MCM2-7 75
RN 2 F) DNA & il & 16 07 25, 76 G1 ) W1 AL
MCM2-7 XS AR T 3 S DNA &2 il . 769 41 i
T MCM2-7 5 3R35 , X (4575 R 0] BN R AR 46
FisF [ 2558 L 5 &4 L et o S 4 o R0 A3 2 4 o
HAFE TS ARG Z2 F HDACITs A B 48 28 Ji8
Jed A0 HRLRR U251 RN HA 0852 5% 41 i 34 78, 40 i S 39
F MCM2-7 ZRIK 5200, 2R HDACLs 91 1] 16 J51 988
21 B B BT

[J SUN Yat-sen Univ(Med Sci),2022,43(4):530-538 ]

1 #MHE57*

1.1 SEIGHFAY

N SR 40 AR U251 1 Ha 20 il i [ 5 52 56
4 e B PR AL P S ERE L bR B IR AL DMEM M
0.25% i H Tnvitrogen 23 7] , I 2F IfiL3E W4 H Gib-
co /N Hl . LBH589,M344 SAHA . TSA il CPX Iy H
Selleck 73 F] . RT-qPCR i 7| 4 FI H 4 Toyobo 2+
Ao 96 fLARFN 6 fLARIE FH NEST A w] . Anti-BrdU .
anti—-MCM2 . anti-MCM7 . anti—-Ac—H3K9. anti—-Ac-
H3K27 Fl anti-H3 ) H Cell Signaling Technology .
Anti-MCM3 Fl anti-MCM6 g [ 4= T /4E 9 TFE A BR
/N, Anti-MCM4 . anti-MCMS5 il anti-GAPDH 1y [
Proteintech 22 &) o
1.2 EWHE
12,1 RRBam3s R A a3 ik FR
SEC10% BG4 LT 1% XUBTRY = DMEM £ 7% 3%
K5 3% U251 F H4 20, 3 8 35 R 46 2 R 37 °C,
CO, W R 5% , 5 2~3 d IR EE AL L 1R 1k HL
PR 20 M AT S5 . HDACIs A B2 R 1
000x TAEHE , 1% 75 8 DMSO., PR TP 2 R Eh i
Tk, A A7 U N 43 51 A 0.05 mmol/1x200, 0.2
mmol/Lx200, 0.5 mmol/Lx200, 1.0 mmol/Lx200, f#i F
AsF FH 8% 77 3 200 F5 76 R
1.2.2  MTT 34 40 & & T Be AL B 37 ) 7] 2+
U251 #» H4 2m 034 75 69 % v OB XTI A K U251
I H4 A A R A6 5 22T 96 FLAR, B5:-£L 100 L
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MR, BB 6 AT L. A A K 2 Rl
A R 50% B, 435 0.2,0.5. 1.0 A1 2.0 wmol/L
LBHS589 4b B U251 F1 H4 411 g 24 h. FH 0.5 wmol/L
LBHS589 4b ¥ U251 FIH4 4 i 8 . 12,16 Al 24 h, £
P & L S BEAL B 71 (0.5 wmol/L LBH589
1.0 wmol/L M344 F1 1.0 wmol/L SAHA ) kb F 24 h, %}
A 0 A 25 1 75 DMSO, MITT 4 46 00 24 it 77 35
A b AERES RS BALIA 10 pL MTT #%
(5 /L) AREREE SR 4 h G AR 37 , 385 R0, AL
A 100 wL — B % 7 80 (DMSO) |, # K 4k %
10 min, SRS 490 nm P4 T & FL I OG
"

1.2.3  BrdU#H A X It ] 20 5% & % T BEAC B 4 4]
2+ U251 20 i, DNA 4149 % 6 fLAR U251 41
Jig % B 35 2] 60% F 70% W}, 43 51 0.5 wmol/L
LBH589.0.5 wmol/L. TSA Zb P U251 4 it , X Bt 4 i
AGETRIER, 24 b 1) 85 R B hoin A Zuk B 2R 10
pwmol/L 5— 5 i 480 iR M B #% 4 (5—-bromo deoxyuri-
dine, BrdU) , 55 3545 5 4 h, 40 o/L 2 H i % I
& 7€ 30 min, F PBS & 3 i J5 i A 2 mol/L [ £ iR
(J# T 0.1 % Tween—20 ) PBS)37 ‘CH#F 30 min, 1E
BRI B 1 b A BrdU —42(1:100) ,4 °C

S, B PBS YE 3 UK, A Cy3 At i 40 %8 1L ivg
H 1 he ¥k 35, H Hochest33258 % i 4t 1%
10 min, HPEEDEE W EW S IR IR

1.2.4 AR miatien % F 8%k a & CRALEE1p
#) A AF U251 F= He m Be Bl B e % 2Pl
2 2 Mt Ak B &l %) (0.5 pumol/ LBH589.,
1.0 wmol/L M344 1 1.0 wmol/L SAHA ) 4 F U251 Fl
H4 401 12 h J5 , £ PBS Pk — 3k , B /i 78 fk ik
WG T 1.5 mL EP, 2.0 (4 °C, 644%g, 5 min,
r=9.5 em) 5 F L&, i A 1 mL PBS YE Wi , 4 °C,
644xg,r=9.5 cm, E.0> 5 min. HIA 75 %% T PBS )
L 500 pl, T - 20 “CUKAH o 5 B0 5 L,
PBS Ve M , AT 500 L i T PBS 244 B 4 50 e/
mL B AL P IE (Propidium iodide, PT) T 28 i G
Y230 min, {5 FH 3 X 200 BSOS 00 200 Ak S 4
1.2.5 RT-qPCR &4 20 & & T BhAL B 374 7]
s U251 A= H4 %8 fie MCM2-7 mRNA % ik 69 % &
FH Z Fh 21 8 & 1 AR B B0 ) (0.5 wmol/L
LBH589. 1.0 wmol/L M344 F1 1.0 pumol/LL SAHA ) &b
FH U251 A1 H4 208 12 h )5 , JH Trizol 42 BUE RNA ,
RT-qPCR 435I MCM2-7 33k . 5141751 W,
1,

#1 MCM2-7 % GAPDH5| #1531
Table 1 Primers of MCM2-7 and GAPDH

Gene Sequences
MCM2 forward primer 5’ CCGTGACCTTCCACCATTTGA 3’
reverse primer 5’ GGTAGTCCCTTTCCATGCCAT 3'
MCM3 forward primer 5" GCGCAGGAAAAACGAGAAGAG 3’
reverse primer 5" AATGGAGGCCACAAAATCCTTT 3/
MCM4 forward primer 5" CACCACACACAGTTATCCTGTT 3’
reverse primer 5" CGAATAGGCACAGCTCGATAGAT 3/
MCM5 forward primer 5" ATGTCGGGATTCGACGATCCT 3'
reverse primer 5’ CCAGGTTGTAATGCCGCTTG 3’
MCM6 forward primer 5 GAGGAACTGATTCGTCCTGAGA 3/
reverse primer 5" CAAGGCCCGACACAGGTAAG 3/
McM7 forward primer 5" ACTCTCAGAAACCTACCTGGAAG 3’
reverse primer 5 CAGCTTTTCGTAGAAATCCTCCT 3
GAPDH forward primer 5" GGATTTGGTCGTATTGGG 3

reverse primer

5" GGAAGATGGTGATGGGATT 3’

MCM2-7 and GAPDH primers for qPCR.
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1.2.6  Western blotting # | 48 %% & 2 T Bt AL B 37
) 7 2 U251 4= H4 28 B MCM2-7 & & R & 89 %
o R A £ BE AR A F R (0.5 pumol/L
LBH589 1.0 wmol/L M344 1 1.0 wmol/L SAHA ) 4b
FRU251 FMTHA 400 12 h J5 , BEFLINA 2 mL 7K PBS ¥
W3 f L FH I A AR e R R A9 TP buffer W5 20
JL, BCA 5300 2 2 R B2 IFIC - o 98 T 4% B2 e
F110% 43 B 15,200 V HLH HLPK 45 min, 100 V HL
B 100 min, 50 /L A5 0k =B A 1 he 3 51)
i A — $it (Anti-MCM2-7. anti-AcH3K9. anti-
AcH3K27. anti-H3 1: 1000 Hl anti-GAPDH 1.
10 000)4 “CHFEF &L, B —$t 5 #4351 i A HRP
PRicHi et R hiERIFE 1 h, ECL A5
b/
1.2.7  MTT Z#&m CPX #F U251 A= H4 21 f6L 3% 74 69
o 43 R TR e B CPX(0.05.,0.2, 0.5 i1 1.0
mmol/L) 4b# U251 A1 H4 i g 24 h, 0.5 mmol/L. CPX
AL PR U251 Fil HA 4 AN [R] B (] (8 . 12,16 F124 h)
MUTT 325 K AF G 2 45, ik ) Lo
1.2.8 A X @i K& CPX F 4m Btk U251 A= H4
e B B 69 %ok 0.5 mmol/L A BRI Vb B2 Ak B
U251 8 HA 4 A 12 b J5 , 30 =X 40 6 S0 300 248 fif ]
W, IR L
1.3 SitFEH*

i SPSS 25.0 et 3k kAT e 12 0 b, 1
o TORRR I B bR 22 (8 £ s) Fon . 3KV L
FEAS B B L ek FHERL TR 3R 7 25 40 #r , B 1R 2L 1)
LR N A6 22 55 PR T LSD ¥ , 75 2R H Dun-
nett—£3 £ 4% . P<0.05 # I\ N 2 5 B A G it 2

2 # X

2.1 HDACIs %t U251 1 H4 28 R 1% 5 1 22 i

2.1.1 7R FE R E LBH589 &+ U251 % H4 2m fi 34 54 64
o 43 HH0.2.0.5.1.0 F12.0 wmol/L LBH589 4k
BR U251 K HA4HE 24 b J5 , MTT 325 00 5 WO BE B
Gt T A g . 2R BASIFE X
(U251: F=229.200, P=0.000, H4: F =32.328, P =
0.000, &l 1A) . SR LSD etk —AEPI L, 5
X R ZH A L 22 S B A it 2k B (P <0.05)
LBH589 #¢ & 0.2 pmol/L 5 0.5 pmol/L 41 2% 5 ELAY
it 2E 5 (P <0.05), LBH589 Y& £ 4 0.5 wmol/L

TR B 2 SO T VA R T VA R in kR T 2 R 2% S
ANEA G2 (P >0.05) .
2.1.2 0.5 wmol/L LBH589 4k JA R [ B Ja] & U251
Ao H4 20 o 34 78 69 % a0 43 %) FH 0.5 pmol/L
LBH589 4b P U251 1 H4 4[4 8 . 12,16 F124 h, #H
XA LA 2 S BT St B L (U251: F=67.211, P
=0.000, H4: F=53.195, P =0.000; [#] 1B) . *
LSD it — 2L PR LA, B T U251 4H L 8 h 4 55 %
WELH A FE G2 72 L (P>0.05) Fh , Hoft b B 5 5%
HEZHAH LG, ARG 20 B A5 s/ (P<0.05) o Bl Ak 3
S [A] 1) B, A 4 8587 (P<0.05) -
2.1.3 AR EAE G K TEACERH F) 4 U251
Ao H4 20 o 34 78 69 % a1 43 %) 0.5 pmol/L
LBH589.1.0 wmol/L M344 1 1.0 wmol/L SAHA Ab ¥
U251 F1 H4 40 i 24 h J5 , MTT 300 & WO B s 4e it
AHOG 40 KR, 22 = B Se it o i L (U251 F=
26.600, P=0.000, H4: F=55.461,P=0.001; & 1C FlI
D). RHLSD kit — 401t o34, 5 X AL
AEXT 240 i £ 19820 (P<0.05) .
2.2 HDACIs ##| U251 ZA A i DNA & B

1 0.5 wmol/L. LBH589. 0.5 pmol/L. TSA 4b F
U251 410 24 h )5, I BrdU 4R 225 5 4 h )5 A6 i
ARG A%, SXF BT LA, BrdU 1998 AR FEAIG,

S HEA G FE X (F=161.628,P=0.000; K 2) .

SR LSD kit — AP L3, S XF IRAL A e, 2%
S EA SR L (P<0.05) .
2.3 HDACIs B # U251 1 H4 48 i1 E A

43 51 0.5 wmol/L LBH589 1.0 wmol/L M344
F11.0 pmol/L SAHA Zb ¥ U251 FIHA 4L 12 h )=, it
X2 A SR 0 240 e 5] 40, 2400 T B 1) S 9T % L A1) 2
SEAG R X (U251:F=4.478,P<0.05; H4: F=
3.821,P<0.05;[K3) . R LSD it — Wi,
XA, 25 5 A it X (P<0.05) .
2.4 HDACIs i U251 #1 H4 £8 1 ;) MCM2-7
mRNA 7k

4% 51 FH 0.5 pmol/L LBH589 . 1.0 pmol/L M344
F11.0 wmol/L. SAHA 43 U251 FI H4 408 12 h )5,
RT-qPCR £ illl MCM2-7 mRNA i35, 5 x4
A, MCM2-7 R IR 8 0, 2 R B HA i1t
B (P<0.05)

HDACIs 4b ¥ U251 (& 4A) Fil H4 (5] 4B) 41 iy
R MCM2-7 B GE 145 R 43 51 : MCM2 (U251 : F =
1036.480, P =0.000, H4: F =77.715, P =0.000) ;
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A: U251 or H4 cells were treated with different concentrations of LBH589 and cell proliferation was detected by MTT assay after 24 h. 1) P<0.05,

compared with control group. B: U251 or H4 cells were treated with LBH589 at 0.5 wmol/L for different durations and cell proliferation was detected by

MTT assay. 1) P<0.05, compared with control group. C and D: U251 or H4 cells were treated with different HDACIs and cell proliferation was detected

by MTT assay after 24 h. 1) P<0.05, compared with control group. n=3.

El1 HDACISs &2 B2 B i 48 B 3 A
Fig.1 HDACISs suppresses the proliferation of glioma cells

DMSO

LBH589

Brdu

Hochest

Merge
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2
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m

DMSO LBH589 TSA B

A: U251 cells were treated with 0.5 pmol/L. LBH589 or 0.5 pmol/L TSA for 24 h and DNA replication was detected by BrdU, 200x. B: 1) P<0.05,

compared with control group. TSA: Trichostatin A. n=3.

2 HDACIs #l#] U251 48R DNA & 5
Fig. 2 HDACISs suppresses DNA synthesis of U251 cells

MCM3 (U251: F =158.980, P =0.000, H4: F
381.592, P =0.000) ; MCM4 (U251 F =657.406, P
0.000, H4: F =83.059,P =0.000) ; MCM5(U251: F
803.059, P =0.000, H4: F =382.211, P =0.000) ;
MCM6 (U251: F =352.036, P =0.000, H4: F
88.841, P =0.000) ; MCM7 (U251: F =49.167, P
0.000, H4:F =325.376,P =0.000) .
2.5 HDACIs & /> U251 #1 H4 48 il MCM2-7 &
SE 3%

T BT R 2 £ T A T I R R A
T B A MCM2-7 & L R G8  H 2 R iR A
2% LT AR A 1 570 (4295 0.5 pumol/L LBHS589 1.0
pwmol/L M344 1 1.0 wmol/L SAHA ) b3 U251 F11 H4

4i L 12 h )5 , Western blotting 45 3 i 7~ , 5 %) BR 41
FHE, MCM2-7 #E I R I D, 22 R BAA Gt
X (P<0.05;&5)

U251 F1 H4 40 g bk MCM2-7 & 4 %8 0 4 1t
45 B0 5o e MCM2 (U251 F =19.770, P =0.000,
H4: F =61.786, P=0.000) ; MCM3 (U251: F
21.068, P =0.000, H4: F =211.440, P =0.000) ;
MCM4 (U251: F =162.830, P =0.000, H4: F
55.091, P =0.000) ; MCM5 (U251 : F =24.646, P
0.000, H4:F =1 132.800, P =0.000) ; MCM6 (U251 :
F =41.849, P =0.000, H4: F =103.920, P =0.000) ;
MCM7 (U251: F =52.731, P =0.000, H4: F =
113.600, P =0.000) .,
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U251 (A)or H4 (B) cells were treated with different HDACIs and cell cycle was detected by flow cytometry. 1) P<0.05, compared with control

group. n=3.

3 HDACIsE /2 U251 0 H4 4R B A 00 S AE B AN 4R AR B HA b &
Fig.3 HDACISs reduce the S—phase of U251 cell cycle
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U251 (A) or H4 (B) cells were treated with different HDACIs and MCM2-7 was detected by RT—qPCR. 1) P<0.05, compared with control group.

SAHA: Suberoylanilide hydroxamic acid. n=3.

E4 HDACIs T MCM2-7 mRNA 7k
Fig.4 HDACIs inhibit MCM2-7 mRNA expression

Ac-H3K9 (U251 : F =29.615, P =0.000 , H4 :
F =358.502, P =0.000) ; Ac-H3K27 (U251: F =
370.974 , P =0.000, H4 : F =13.960, P =0.002) .,
2.6 A EHH MCM2-7 iF M3t U251 0 H4
kb T A
2.6.1 REVREIRA Y EZ A U251 F» H4 20 fe 3 75
8 %ol YA (CPX) 2 HE Bl MCM2-7 7% P
ORI, R T R E ] MCM2-7 J U251 48 3 i 5
Bl A B, MITT 32 A6 00 1) U251 F1 H4 41 )5 in
A0.05.0.2.0.5F11.0 mmol/L CPX 24 hJi7 , 4 £HAHXT4H
g HA it 245 X (U251: F=65.099, P=0.000,
H4: F=287.348, P=0.000; &l 6A) , #t— %t U251 I
HA AR LSD I P LR, 5 0 BRZHAF EL , 22 57 L
G247 L (P<0.05) , i v 3R, 20 Bt 4 7

R D 225 A G4 E L(P<0.05) .
2.6.2 A EAERRE B A xF U251 Fo H4 20 fo. 38
A%k 0.5 mmol/L 1 BN ¥B & 43 B AE
U251 FITHA 2018 8 .12 .16 F1124 h J5 , MTT 246 1 41
JiL AR X B, 22 S BOA g8t 4 i L (U251 F=
152.488, P=0.000, H4: F=187.348, P=0.000; [
6B).
2.7 IAAEFEME U251 F0 H4 40 i [ #A

g T HGEHR MCM2-7 J5 U251 1 H4 20 i J& 15
S AR U A B AR A I & B 0.5 mmol/L
CPX 12 h i, 5%t B 4L AH Eb , U251 A H4 41 g J&
1S A i b, 25 S B AT et L (U251
1=5.306, P=0.000, H4: 1=2.306, P=0.000;&7).
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