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[#Z)] HBY %7 DNA B I EF 1 ( DNA methyltransferase 1, DNMT1 ) ¥ LSM4 5 H ( Sm-like protein-4,
LSM4) 7£ [R] 2 24 b (2 ( homocysteine , Hey ) 175 S/ RUF AN T B9VE A RALHITFSE . 5k B ApoE™ /INEL( 12
FO)B153 09 2 4, 45 1w DRI SR B M AR X IREE (ND 41 ,n=6) , 24 T R AR AR SR 50 5 R & MR 41 (HMD
2H ,n=6) ;NCTC1469 /N FLIE #4043 0 IE X B 26 ( Control £ ,0 wmol/L Hey) \Hey T Hi2H (Hey 41,100 pmol/L
Hey) & T4 A BEXT B AL (si-NC 2,0 wmol/L Hey) (F5 4% LSM4 Tt A B4 (si-LSM4 2,0 pmol/L Hey) % 4
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lymphoma-2, Bel-2) 23R8 284k ; Tt 2N I AR A Control ZH \Hey 41 \Hey+si-NC ZH A1 Hey+si-LSM4 ZH 40 i 8 7= 454k,
MethPrimer 7ELRHE20HT LSM4 JH 81T IX CpG 5 ;gRT-PCR il Western blot £ Hey+si-DNMT1 £ 7 LSM4 & H %
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o Bax 2 3R 3A WL FIA (P<0.05) 1 Bel-2 3B W AR (P<0.05) ; 5 Hey+si-NC 4 132, Hey +si-LSM4 21
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Role and mechanism of DNMT1 in regulating LSM4 in Hcy-induced
hepatocyte apoptosis in mice

XIA Tongtong' , MA Fang'”, LIU Honglin'®, ZHANG Zhenghao'*, DING Hanshuang', HAO Yinju*,
ZHANG Huiping’, WU Kai*, JIAO Yun®, JIANG Yideng', LI Guizhong'**
(1. NHC Key Laboratory of Metabolic Cardiovascular Diseases Research, Yinchuan 750004, China. 2. School of Basic
Medical Sciences, Ningxia Medical University, Yinchuan 750004. 3. School of Laboratory Medicine,
Ningxia Medical University, Yinchuan 750004. 4. General Hospital of Ningxia Medical University, Yinchuan 750004.
5. Department of Medical Genetics, Hunan Maternal and Child Health Hospital, Changsha 410008.
6. Department of Infection, General Hospital of Ningxia Medical University, Yinchuan 750004 )

[ Abstract]  Objective To study the effect of DNA methyltransferase 1 ( DNMT1) on sm-like protein-4 ( LSM4)
in hepatocyte apoptosis in mice induced with Hey. Methods 12 ApoE ™" mice were divided into two groups: normal diet
(ND, n=6) and high methionine diet (HMD, n=6) groups. Normal hepatocytes of NCTC1469 were divided into a normal
group (control, 0 wI/L Hey), Hey intervention group (Hey, 100 pL/L Hey) , NC siRNA-transfected control group (si-
NC group, 0 pmol/L Hey), LSM4 siRNA-transfected group ( si-LSM4 group, 0 pmol/L Hcy), DNMTI siRNA-
transfected group (si-DNMT1 group, 0 pmol/L Hey), NC siRNA-transfected Hey intervention group ( Hey+si-NC group,
100 pmol/L Hey), LSM4 siRNA-transfected Hcey intervention group ( Hey +si-LSM4 group, 100 pmol/L Hey), and
DNMT1 siRNA-transfected Hey intervention group ( Hey+si-DNMT1 group, 100 wmol/L Hey). Analysis of the expression
of LSM4 in various tissues was conducted using the NCBI database. Quantitative real-time PCR (qRT-PCR) and Western
blot were used to detect differences in LSM4 protein expression in mouse tissues ( HMD and ND) and hepatocytes ( control
and Hey). Western blot was used to detect the expression of Bel2-associated X (Bax) and B-cell lymphoma-2 (Bel-2).
The cell apoptosis rate in the Control, Hey, Hey+si-NC, and Hcey+si-LSM4 groups were detected by flow cytometry.
MethPrimer online software was used to analyze the CpG islands of LSM4 promoter region. The expression of LSM4 in the
Hey+si-DNMT1 group was detected by qRT-PCR and Western blot. Results The expression of LSM4 in HMD, Hey group
was higher than that in the ND and Control group (P<0.05). Bax protein expression was significantly higher, but Bel-2
was significantly lower in Hey group compared with those of the Control group ( P<0.05). The expression of Bax protein
was significantly lower, but the level of Bcl-2 was significantly higher in the Hey+si-LSM4 group compared with those in the
Hey+si-NC group (P<0.05). The cell apoptosis rate in the Hey group was higher than that in the Control group ( P<
0.05) , while the apoptosis rate in the Hey+si-LSM4 group was lower than that in the Hey+si-NC group (P<0.05).
MethPrimer database analysis showed that the promoter region of LSM4 was GC-rich, and there was one CpG island.
Compared with the Hey + si-NC group, the Hey+si-DNMT1 group’ s expression of LSM4 protein was increased ( P<0.05).
Conclusions  DNMT1 regulates LSM4 hypomethylation to increase its expression, thereby promoting Hecy-induced
apoptosis of mouse hepatocytes.

[ Keywords] endocrinology and metabolism; LSM4; homocysteine; apoptosis; DNMTI
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~28 ¢, A b ME 1 S 75 AR Y R A BR 2 WA
[ SCXK(5%)2021-0010] , #HKsh P28 N R 2T B
e R R e 16 B T 48 B A 2% B &5 AN [ KYLL-
2024-0303 ], T 7 H ERFR2E DY 5L 50 0 SPF
Y B T S RS2 56 [ SYXK (77)2020-0001 |, 57K
WHAEERI(12h/12h) ,EE (23+£2)C, Hia %<
4 °C ,FHRHBEE 60% . /NRT IVC SE5 s 58 B rh

T 3% | R YO e RORE I IE B IR R K, 43 5 45 T 3 3
TPk RN v B R AR SR T A S R T R
BB R 2SR S e B A 3R BN, 457 N GE
1.1.2 4iffg

NCTC1469 /]NRIE# JF40 Mg T g B A= 9
THREARAR, E58:4L 10 /L1,
1.2 FERFSMNE

SR ARG SR B e IR & (R
KGP250/23227, Bl &4 9) ; RNA $#2BURL 57 & (972
5. DP304, KA ) 5 30 % Sl ) & 58 E & PCR
K7 (575 : RRO37A/RR820A , TaKaRa) ; i X U8 T
KA £ (185 . BD556547, BD) ; Bel-2 $i 4 (57 5,
BS1511, BL{§45) ; DNMT1 Hiik (525 GTX116011,
JikIE L) 5 Bax $ILAK (525 : 50599-2-1g, Proteintech ) ;
HRP #ric B9 L 240/ B/ %R 126G (585 bs-0296 G/
bs-0295 G, 2% ) ; /N GAPDH P& 5|4 1.SM4
A1 DNMT1 F Ri#514) & NC . LSM4 £l DNMT1 T3
FB( R, 53  SER SO E BT A (PR I
)5 MUK AN H R AN R B R AR X (36 [, Bio-
Rad) ; =S (22 [F , ACEA Biosciences) ., T
TR BRGIMFII R 3K 2,

&1 TR BUFS
Table 1 Sequences of the siRNA

P2 siRNA JF5] 74/ bp
Name siRNA sequence Product
NG 1E S &% Sense 5’ -UUCUCCGAACGUGUCACGUTT-3’ .
JZ 4% Antisense 5° -ACGUGACACGUUCGGAGAATT-3’
1F X% Sense 5’ -CUCGCUGAUUGGUCAUAGUTT-3’
LSM4-Mouse-1 N 21
S 4% Antisense 5° -ACUAUGACCAAUCAGCGAGTT-3’
1E 5% Sense 5’ -GCUGUGACAACUGGAUGAATT-3’
LSM4-Mouse-2 N . 21
J2 Xk Antisense 5° -UUCAUCCAGUUGUCACAGCTT-3’
) 1iF S 4 Sense 5” -GCAUCCCUGAUGAGAUCAUTT-3’
LSM4-Mouse-3 . 21
J2 S 4 Antisense 5° -AUGAUCUCAUCAGGGAUGCTT-3’
1F X4 Sense 5’ -GGGAGAAAUUAAACUUACUTT-3’
DNMT1-Mouse-1 o\ . 21
S Sk Antisense 5° -AGUAAGUUUAAUUUCUCCCTI-3’
1F X %% Sense 5° -GAGGCCUACAAUUCAAAGATT-3’
DNMT1-Mouse-2 . 21
J 4% Antisense 5° -UCUUUGAAUUGUAGGCCUCTT-3’
1F X4 Sense 5° -CGCAUCAGCUGCAGUUAAATT-3’
DNMT1-Mouse-3 N X 21
J2 X% Antisense 5” -UUAACUGCAGCUGAUGCGTT-3’
x2 5FH
Table 2 Sequences of the primers
R EEe]l 7=/ bp
Name Primer sequence Product
V=il F . . ’ A TC ~ 7’
GAPDH-Mouse m@m orward: 5’ -AGGTCGGTGTGAACGGATTTG-3 .
TS 19 Reverse: 5° -GGGGTCGTTGATGGCAACA-3’
#5149 Forward: 5° -CAGCGCAGAATCACCCCAT-3’
LSM4-Mouse . 21
U514 Reverse: 5’ -TTGATGTTCATCCAGTTGTCACA-3’
DNMT1-Mouse F#514) Forward: 5° -CCGTGGCTACGAGGAGAAC-3 ”

TWE5 4 Reverse: 5° -TTGGGTTTCCGTTTAGTGGGG-3’
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1.3 ZEWHE
1.3.1 ¥ lsrd

BEHC 12 H ApoE ™™ /INERUBE B 43 S TR B Xof HE 4
(ND 4 ,n=6) FIEEEFRLL(HMD 4 ,n=6) , E N
SR (25+2) °C , MXHREE 60% , 5% 12 8] )5 it
(s o
1.3.2  4ifEss 38 K ord

NCTC1469 /|y LI 5 IF40 M 15 37 F 37 °C 345
(95% 0,+5% CO,) {FeFah, R DMEM 555
(10%FE R T MG +1% 5 58 R ) #EA7T 8 U574
A & 5% s TR . T Bt gt 24~48 h
J5 2R M4 RNA FIAE [, S0 50 43 20 R 1F 6 IR
2 ( Control 21,0 wmol/L Hey) \Hey T4 (Hey 41,
100 wmol/L Hey) & Y14t i BoX IR (si-NC 41,0
pwmol/L Hey) & 4e LSM4 T4t i B4l (si-1LSM4 4,
0 wmol/L Hey) . # Yt DNMT1 T 4 A Bt 4 ( si-
DNMT1 2,0 pmol/L Hey) .Hey T 1 KX BT 4020
(Hey +si-NC 2H, 100 wmol/L Hey) . Hey T #l T
LSM4 T34 (Hey+si-LSM4 21,100 wmol/L Hey) Al
Hey T3 F DNMT1 F4£4H ( Hey+si-DNMT1 41, 100
pmol/L Hey) .
1.3.3 NCBI $tdlg 25047 1L.SM4 76 ZFp s B 44
ik

1833 NCBI %04 )2 ( https : //www. ncbi. nlm. nih.
gov/gene/ ) A LSM4 7E/NERU 5 55 2 4 41
FRIBTE L
1.3.4 qRT-PCR il DNMT1 1 LSM4 mRNA 23k

ND ZHF1 HMD /)N FARSE I B H 2R, B H
I3 80 mg HEAT AL L1439 ; NCTC1469 40 Jifd 28 100
pwmol/L Hey 1701 24 h 5 W £E 4 Jfd ; si-NC/si-LSM4/
si-DNMT1 T4 5 B il 5% 44 48 100 pumol/L Hey 1
LI P9 JHF 440 LR LE 5 JTF A L, 24 h S5 43 5 4T 40 e
KAE, H RNA $EHUA T 6 U6 15528 RNA ; 13 5%
A cDNA LU s i 16 BH O 5608 s PCR 73
P StepOnePlus™ qRT-PCR R4t WEAFEF-6
1.3.5 Western blot 52 46 & Il LSM4 . DNMTI
Bax 1 Bel-2 2 #ik

U ND 40 Al HMD 41 /N BRUHF 4 20 o B,

NCTC1469 ZHifiZ: 100 pmol/L Hey T 24 h 5t
ALY 5 si-NC/si-LSM4/si-DNMT1 4 A BL 4y ) 4%
Ye22 100 wmol/L Hey T J5 B - 41 Bt 01 1E & 41
il 48 h AR A AR, A3 S A 24 B S e R A T
FE, LA BCA AR 26 11 &% 5 MR A, >R T Loading

buffer Fi B AN [F] e B 19 2 1 64T 38 50 B0 40
S EE AN [5G AR L 5 R0 P b Dk R el e S 3R 1 o
ERI0 B AH - B AR 55 s B0 1~ 2 h e, 43 5 DL —3t
(%5 B UL B A 4 CWE SR, (1 :
5000) ZEHIFF 1~2 h; R A B AL F LRI B
J& , KR S5t I8 Tmage J FRA432E4 T K BE A8 43 T A
A,
1.3.6 T CH AR IN 20 L g5 7%

£ Control ZH . Hey 21 Hey +si-NC 2H Fll Hey +
si-LSM4 ZH (1% JHF- 240 1L, % 40 i 25 B2 8 8 Oy 1% 10°/
mL; FHIEEE F1 A - EDTA ML (A& L) T ki
RJ5,8.0 5 min £ BIE; WY 1 xPBS &, 2000
r/min B> 5~10 min J5E [TE; 1 X Binding Buffer
(300 pL) =740, %5 5 Annexin V-FITC (5 ulL),
BRRVE R FUATIRAE RO E 15 min; FFAL S min
B, MACS wL PIYH, BRs g, iz 35255 EALTHT
#Min 1xBinding Buffer( 200 wL) , B2 i 204l A &
AT,
1.4 SZitEFE

A S A A5 R4 it s BORE, LA Prism 8.3.0
At T RTG53 A AL B, v A3 R4 DL
PIBARIE 2 (x2s) Foom, DA o RGO HEA T P2 0] FL 458
FIFHEAR & J7 2250 B ( one-way analysis of variance,
ANOVA) Ke AT 241 i, S8eit=#Ab B, DL P<
0.05 HEERA BEMELER,

2 HR

2.1 FFAHALFIRTLHAE LSM4 BRIETH

NCBI #la 2 RNA R385 45 3R WoR | £04E
FIbR i X3 N, LSM4 7EAS [7] B 3 79 JH 41 21 b 3R ik
KA (B 1A) ;qRT-PCR F1 Western blot #5145
R, 5 ND 411 Control 2H %, LSM4 mRNA Fil
FE A EAE HMD 41 F1 Hey 4 b & 38 (P<
0.05) (K 1B),
2.2 LSM4 siRNA Tt B B I1E

qRT-PCR #l Western blot £ 2% & 8, 5 si-
NC H 4L, si-LSM4-1 2H | si-LSM4-2 ZH il si-LSM4-3
ZH I LSM4 mRNA %35 &9/ (P<0.05) , LSM4
siRNA T4 7 Betg @ i 2l (K 2) . &R %08, THE
RO B B LSM4 siRNA-3 T4 H B T )5 4
2.3 Hey THTT# LSM4 RixFHFAMAT X
=

Western blot £ 4% 5 & B, Hey 21 Bax 25 [
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Note. A, Analysis map of NCBI database RNA sequencing. B, Expression of LSM4 mRNA and protein in liver tissue and hepatocytes. Compared
with ND group, ™ P<0. 001.
Figure 1 Hcy regulates LSM4 expression
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Note. A, LSM4 mRNA expression. B, LSM4 protein expression. Compared with the si-NC group, *P<0. 05, ** P<0. 01, *** P<0. 001.
Figure 2 LSM4 siRNA interference self-validation
FRE Y Control 410 M b 5 W FHE B (P< 3A) . HIHCT Hey+si-NC 41, Hey +5i-LSM4-3 41 1
0.05) ,1fi Bel-2 28 (47K F- M i 2 R (P<0.05) ([l Bax S H R TFE(P<0.05), 1 Bel-2 8 H &
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2.4 LSM4 DNA BzhFX CpG 5l
MethPrimer 7E £8 K /4 ( http://www. urogene.
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Figure 3

Inhibiting Hey induced hepatocyte apoptosis in mice by interfering with LSM4
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