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Abstract

AIM: To study the role of the mammalian sterile
20-like kinase 1 (MST1) gene in homocysteine-
induced hepatocyte apoptosis.

METHODS: Five-week-old C57BL/6] mice of
SPF grade were divided into four groups: a
normal control group, an ApoE”” group, a high
methionine diet group, and an intervention
group (n = 12 each). In the normal control
group, normal mice were fed a normal diet.
In the ApoE”" group, male ApoE’" mice were
fed a normal diet. In the high methionine
diet group, male ApoE”" mice were fed a
high methionine diet. In the intervention
group, male ApoE”" mice were fed a high
methionine diet plus folic acid and vitamin
B,,. Transmission electron microscopy and
DAPI staining were used to determine the
level of apoptosis in hepatic tissue. qRT-PCR
and Western blot were used to determine
the expression of MST1. Hepatocytes were
then cultured in the presence or absence of
homocysteine (100 pmol/L) alone or 100
pmol/L homocysteine plus folic acid and
vitamin B,,; flow cytometry was used to
determine the level of hepatocytes apoptosis,
and the expression of MST1 was detected by
qRT-PCR and Western blot.

RESULTS: After the mice were fed for 14 wk,
serum homocysteine level in the high
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methionine diet group was 2.3 and 1.9
times as high as that in the normal control
group and the ApoE” group (P < 0.01),
respectively. Serum homocysteine level in the
intervention group was 28% lower than that
in the high methionine diet group (P < 0.01).
These findings suggest that the model was
successfully established. Electron microscopy
showed that in the high methionine diet
group, there were chromosome swelling or
condensation, mitochondrial swelling, marked
endoplasmic reticulum swelling and break,
which suggested the trend of cell apoptosis
in hepatic tissue. Compared with the normal
control group and ApoE”" group, hepatic
apoptosis level in the high methionine diet
group was higher. However, hepatic apoptosis
level in the intervention group was lower
than that in the high methionine diet group.
Compared with the normal control group and
ApoE”" group, the expression of MST1 mRNA
and protein in heapatic tissue in the high
methionine diet group was upregulated (P <
0.05 or P < 0.01); however, MST1 expression
in the intervention group was significantly
lower than that in the high methionine diet
group (P < 0.05). In vitro, compared with the
normal control group, hepatocytes apoptosis
level in the homocysteine alone group was
significantly higher (P < 0.01); however,
hepatocytes apoptosis level in the intervention
group was significantly lower than that in
the homocysteine alone group (P < 0.05).
Compared with the normal control group, the
expression of MST1 mRNA and protein in the
homocysteine alone group was upregulated
(P < 0.01); however, MST1 expression in the
intervention group was significantly lower
than that in the homocysteine alone group (P
< 0.05).

CONCLUSION: MST1 expression is upregulated
in homocysteine-induced hepatocyte apoptosis,
and folic acid and vitamin B,, can suppress the
up-regulation of MST1.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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BH): KT MST1(mammalian sterile 20-like
kinase 1) B & ¥ Bt & & (homocysteine,
Hey) AT 20 i 28 = W 4946 ).

Fik: FART Rl AHa, HA12 30
. B xR SR & SU(SPFACSTBL/6))
A VAE B4R A ApoE 3T IR 4R SE# & 4hA
FApoE R4 L@ sk A ApoE & B A B
2 SRR & b A FApoE RV & B A B
I (BB A T MANT%EFBR); ApoE”
R Ae Y A AB, TR SAM & bTF
ApoE" 844 A & & R BR A% A H20.006% v+t B
#20.0004% %4 £ B,,. "R 14 wkiz, 2 83
A AN E f FAHey KT &4 B4k,
DAPI# & ULEAT AL A TH I, FoEER
4Bk R (QRT-PCR) & Western blot4y 5144
MMST1 mRNAFe & G £k K-F. g K-F:
34 B AT R4E(0 pmol/L Hey); &1 )
A ¥ B & BR (hyperhomocysteinemia, HHcy)ZE
(100 umol/L Hey); F¥£L(100 umol/L Hey+
vFER+ 4 & £ B,,); T TR 494,48 h. AnnexinV-
FITC/PIMARIT I X, 4m oL A Ao i) AT 4m e 78 T
KR8 RAL, KB E 2 IR A Besk R M (qRT-
PCR)Z Western blot%#]#2 M MST1 mRNAF=
& A RIEKE

R KT (1)&20 LEHR20 wkia,
M7 frFHey KT, ApoE” & & £ B 4 f i
HcyK-F 4 3] & B 3 FRLAA= ApoE” %} J&
LLE2 345 F21.945(P<0.01). F i feiFHey
KT ApoE” & & 2B L EA%28%(P<0.01),
RmEHHey R A R, 2)wit% R 2w,
ApoE™" & & £ B 41/ FF 4w e ks I 89
IR 6y, Fe & Rk Y RN GAL, RARNT
TRk S BT AR E 4L, M\ R R AR
AR WA R, B AL, 3 AOR.

HEHEARBLTE, Ho RS (3)DAPIS & 5 ILE,
B AT R A Apo BT T R A o 4w Al A K
¥Y—. HA, B E; ApoE 3 & R B AR
M—emin BB % . miok 2 E
BAf RALM T AR, #2777 464 4E 3 ApoE”
FIRLEApoE & & KL 48 4m IOAL B A
P Az, (4)5 B3 3T B4 Fe ApoE 5t B 2040
Yo, ApoE” & & R LA 20 22MST1 mRNA
BB G kKT 3 5 (P<0.053P<0.01),
ApoE" FF4LAT 48 JEMSTI mRNAZ & &
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(P<0.05). fafik-F: (1)5 B Af 204810,
HHcyZL I 20 i 8 == K -F 38 3 (P<0.01), T
A HH ey 48 AT %2 (P<0.05); (2)5 E%
x+ BE 20 AR b, HHey A A 48 BBMST1 mRNA %
B FIAKT I FH(P<0.01), F IR 2m 6
MST1 mRNAZ & & %k K-F&EHHcyA A
P AR (P<0.05).

5t EHHCcyR AT 20 i )8 it A2 PMST1 &
ik bR, Aot B Ae Y A B, T AR LRk
LA,
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KR AR AR FFAEMAT; MSTL MR
HAEEB,

B IRR: B A F B R B (homocysteine) 7T 4% 3
A 4w A8, ==, MSTI(mammalian sterile 20-like
kinasel) /2 $bid 42 P T 4k K AEAE .
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[ 284 > it Z iR (homocysteine, Hey)s e FH AR (R
AR AL =4, 2 22 Pl i B DR 1Y, 1)
Y ot S RR AU 25 L T 5k (A B R R
ILJiE (hyperhomocysteinemia, HHcey) ) & 2E,
FEIR B, 1SR AR AN 5 R P e R
MK Hey K FE B 2Tt . HHey 5 81
R B SRR S TR I R AL S5 2 Fl
JHWEZ I AR O . FE 1KLL H, Hey T {2 i3 48
M g AR T, [, BT SO Hey AR )
FEIE, I X it — B Hey /KT
i, PEAERGEE IR, 2R P (mammalian sterile
20-like kinase, MST) & %% FhZH 4UH0 G Rk ) 22
R/ IR FEEEY . MSTI3ER & —
FRY A i IR, At %) UL T A SR g [ 9
SN Hippo. 1ERWM K B 0T, Hippok
DRI 9% 1F BH AT DA [] B 7 42 248 ) 00 5 4 PR
MS TR Gt 22 R R I T ORI 240 B 2 dn
LML IR RSB F-a(tumor necrosis
factor-o, TNF-o0) X HU 8 239030, ks K
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YA T Hoy i S B4 P VP 2 JE R Rk
™, (HfEHHey SBUHF A T f o2 15
AE S EEM ST 13IA B e A8 i oK ILARIE. AW 52
FEIRIMSTI R R EHH oy BUH A e 98 -3
Frp ) RIS B, B FEHH ey BUH I
A5 BRI R PR i I i 3 P B 1 it SIS

1 #RIR0757%

1.1 A SLIR 2P (A 5t K= SR 3P o),
3 S L AR RN R A (H A BUMR B
/~#]); Annexin V-FITC/PIZH 8 T A& 1071 &
(DA F]); HL7220/F40 bk (DY )11 K 2= 42 7
B2 27 Hly); i AR & (Or N2 R T THARA
BRAT]); 5415DR R & 3B O HL(Eppendorf,
I, 20 R AE(H AR AR E T AR, ok
& P CRAL(_ L LE ARG TR A ), 1
B HLUKCH 4 B 3 BEAR X (3 E Bio-Rad A Al);
164055752 . Jif2F 137 (32 E Gibeo); S RNATE
BRI G (AL RARAE B ARG R A R, Wi
FAGRT-PCRIAF & (3£ E ThermoA 7); HH
PEGAF & | A IR S (e LR R
A#]); MSTHRBIA . B —$i(AbcamA 7)), B
R A AL B (HR P AR IC I 2 Bt S =i (b
HRBEMEARERAR); 51¥d LigET
Y TG IRAF A K.

1.2 7

1.2.1 Sh AR 5 K o0 36 SRR & 4ty
T ApoE R (SPFZLIL AL R C5TBL/6)), BEHLS
N3, A2 RN ApoE X IR (ApoE”
group): WBIK AT, ApoE RERRINE
41(ApoE” high methionine diet group): &K
B+1.7%ERR IR, ApoE" T4l (ApoE™”
intervention group): B E+1.7%E &M+
0.006% M2 120.0004% 4t £ KB, 1557, 1EH
X {& 2H (normal control group): 12 445, F#y
L ApoE" RRILHLH) & FL(SPFHCSTBL/6NIEN
KR, B CEIE IR 41N R TESPRRR 4y
FENAFE, AT KR R, R PR R ORI
TS, ENILE20 C-25 C, HXTREN
55%-65%, BT /NRAEFR20 wkim, BRERIM I
PR BT 2R, 3E47 J5 85250

1.2.2 @Az dc: H& 10%06 4 & R PMI
164035 7R ARG 72 NJHAHAR, B 737 °C. 50 mL/L
COBEFRA PR FE. Y% A BI85% I A
I, 290, 100 pmol/L Hey #1100 umol/L
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Hey+M BR+4E4 F B, T, FH0 umol/L Hey
AR, 100 pmol/L Hey NHHcy#4l, 100
umol/L Hey+HHER+4E4: 5B, AT Tl 48 hig
Wb am i, H T 5 22525

1.2.3 s iFHey w2 /N4 I % i A ],
3000 r/min 0210 min/5 8 EiE. ELISAVZEAG
IM3EHHeyW BE. 43l B B 7S A FL. AniE i LA
FEASL. FRIE AL B IS R BE AR T 50 L
FEARFL I IIAE AR FR B0 uL, FEINARIAEA
10 pL; AN, bRtk SRR AL AL
FIMAEEFRPUAR100 uL, 25 SR, 37 Cik
B h FEBRE. 0T, FANEEBRRE, i
B min/5 BT, EEHRSK. FAIIMANED
AMIB#%50 pL, 37 CEOGIHFE 15 min. BSLIIA
Z RS0 UL, ME & LA E (450 nmi k), B
AR AR AE it At S/ BRUMIE Hey WK 2.

1.2.4 353 & BEAL ST Ik 2848 I 4m B 45 M B
BT mmX1 mmX1 mm#rEERTFHR, 55 H %
TR HRIERE E, LEE. AERBEK, IR
%, WP S AL SR HE, DR HLED A, H
- {re iRV SENEREER I IE =3

1.2.5 DAPIZ: & AT R4 L2 4345 H 9L: DAPI
Fe & B & LA ) 60 "CHE IR A b E
30 min/5 B T R FIRIE2IK, £K10 min.
Oy WIET K 8. 950 mL/LZEE. 750 mL/L
LIRS min, PBSYE3 K, XS min. I
DAPIZL (100 mg/L), ZiH#EE/ER 10 min/g
W DAPIG K. FHPBSEES3IR, FHXS min.
BB S OO B N W IR IR AR,

1.2.6 AR gm0 A S EDTAR
JERBGIH AL J5 B0, ISCEE AR A, FH V2 PBSTE v 4t
20Kk, 300 g, 4 ‘CES05 minfiTEEANAE. F1400 pL
1 X AnnexinV 45 5 V740, WREE KL X
10° cells/mL. A5 puL Annexin V- FITCH: a3,
BIRRAJET4 CROLIFAE 15 min. A0 uL
PI A G B IR 2] T4 CREIEE S min. 37
BRI A B SRS PAFTTCRIPIZ e/ E X2
KB, AR5 A RIR: 7o SRR s 40,
£ RPN R IR T, A B R BRI
ToRIBET- 40, 72 b G BR AU 45 40 .
1.2.7 %8 £ FPCREMMSTI mRNAK
P 4 BB RN A SR B B AR B 21 K 4
MIRNA. #2300 4 55 1t B P & ic DN A;
KHPrimer5. 08B 1H51 5], MST1:
5-GGGTCCCAGTAGCCAAGAT-3'(_Lii7) 1

2526

30

ol um

0 1 1 1 1
1 2 3 4

bd

/NER & Hey ZKF: (umol /L)

1 NBRIEHCyZKIE. 1: IEHWHIRAL; 2: ApoE™ XA
%H; 3: ApoE THEFBRYL 4 ApoE” TR *P<0.01 vs
IR, P<0.01 vs ApoE” X HRZH; P<0.01 vs ApoE "~
=R Hcy: [EEE S =i

5-GAGGCACCACATACCATTCA-3'( Fiif);
B-actin: 5“TGACGTGGACATCCGCAAAG-3'(_E
)F15'-CTGGAAGGTGGACAGCGACG-3'(F
). PCRZAF: 94 CHIAEME10 min, 94 CAZ
30 sv 59 ‘CiB-k20 s. 72 ‘CIEK30 s, ¥ 145
ANEFR. [ LGSR S, YRS 3 ith 4 S e
2, WA EOR QRT-PCREE, 45 52
EAHT.
1.2.8 Western blot#MMST169 % & &k i %
S it 2R SR A A S A B, B LA
HE%10 pL, 80 V 40 min, 120 V 70 min@FfT
| e BRI R A 5 TR A Pk Ji B I (SD' S-PA GEE)
H13K, MST1 20 VIE £ 530 min, PAB-actiny
W2, 15 VIEEFIE10 min, £5%/IEYH &
12 h, SMSTIR: Rt —hi4 CIHEEER, 5=
PUEEIFE2 h, AN B G, BERBR o HTX
A HIMST1 5 B-actinfI K A, FFARHE —3%
I LUAR, BEAT 24T

Bt A K FHPrism 5.04¢ 1 474 5 52
AR AT BB, TFE VR Dlmean+£SD
FoR, PIULIA) ELBCR e 56, 2 20 R 9 7 Lh Ak
KA RN E T Z 981, P<0.05F R ERB 41t

2 #R

2.1 A28/ Rof A Hey K09 rbdx 5 1F 5 %7 1R
HHMApoE MR, ApoE & A& R4 I
TEHCeyWRFER BTt =, 70 Bk AR 2.3 4%
1.9 (P<0.01); 25 THERFI4EA 2B, T Tl
J&, MiEHcy/K P ApoE H B MM AKX T
28%(P<0.01)(E1).

2.2 FA B AN RAT IR LA T 0L IEH
Xof Y ZE /)N BT 2L 2 4 A B . S R
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2 EHBENS/NEFFARBETERx 3000). A: EHIEA; B: ApoE™ WHIRZH; C: ApoE™ " EiE&FEH; D:

ApoE ™ T-TiitH.

TEMAI5], 2Rk N AR E 8Ol . IS E5 G
A, R AT REEREHESIEOE . ET, &
BB 25 75 P9 B X 2R 1T . Apo B S R 2 W] L4
MURZAZ R e e 2RI A Ik, (RS 5
AT, R T AOVE T P9 03 XA 0 2 R Ao
PRI, AT /MA R TR, ApoE™ &
RERAGO TR R4, 0 A% ™ & [E 45,
LA B P I s T2, R T AN T P Jo D)
B . TR, EEBIVERRIN . BRI R,
T A, A0 A R T 3. ApoE il ZH 41
W SE %, Yeto RS st R, LRpiiAa B
Ji, P95 X R A AR (12).

2.3 DAPI & 5501 R M40 42 4m RO TG &5 7
T IEH KRN A po B4} R 41 rh 40 it A% K/
B % H R, M6 E 445, ApoE TR
R A 2RI LS 4 4 A% S i o 1
BOR, 40 A% e B0 23 240 B A% 5 g 4 7™
A IR SAE; ApoE" T ApoE”
e B 2 R X A A AR I3 BT (113).
2.4 Framfe A —K-F AR ZRIEUT 4048 h
Jii, 3 3 97 A RSORS00 P 44 P 9 1 7K P X
A g R RIR 5IEE X A, HHey4H
A0 B T2 KB R = (P<0.01), T T2
TR FEHHey 20 BTz (P<0.05)(F4).

2.5 FF4AMST1 mRNAFE & R A K-F &
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ApoE " AR Z R4 5 1E 5 5 B AL AN Apo B %o} iR
4, MST1RIA R+ =(P<0.058P<0.01). 45T
R FYEA: B, T, MSTIERIAApoE”
o R S R PR (P<0.05). MST1 mRNAEIAK
AR R A RIS AR EE AR —F(P<0.05)(K5).
2.6 M MST]1 mRNAF & G & ik K -F 5k
T AF 2RI 4048 hG, A IMSTI
mRNAFIE [ RIE KPR, 5 I3 % R AR
tt, HHeyZH AP 4HMST1 mRNA & 55 (A &K
PR I ok R 4 3 v (P<0.01), T FR4LAT 40 e
MST1RIA K HHeyH A T FEK(P<0.05)(K6).

3 e

Hey —MEmaiimg, £ N EAmRAUm
A =4, IE LA A AR, M Hey /R
SR, AR RS, A HAE i A KP4
7t R AEHH ey . HHeyfE A s kil i
{k(atherosclerosis, AS)K A 1) fa [ A 25 4 52 9%
YRR R Hey Rl R B E 2 Y,
JHIE DI RESZ 40, Pt — 2 mEHHcey, B RBGSME
A, ApoE" [/ H BI BT FC A SH H (X s P
RO TR, HHey ™ X ApoE ™ SR AT IE
AR AW E I S AR T
ApoE FRHHcy B4, Kl i Hey /K V- LSS IE
BRI AT il 1T
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L PR XA

AR %k
JHEY AR SR e
B %Hcys A
%k ZFEGMSTI1
R E, ARR
HHcy 2 A IE 35
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3 DAPIREEINEL\ESATAELE LR BRI SRR x 400). A: IEH 4 IEZ; B: ApoE” %HBLL; C: ApoE™ BB
2H; D: ApoE T4, FiLFenIR AN AmiEA.

A0t B 10'-
10°r
T
& 10°E
—
[T
10+
00 . a | = L |
10 10> 10° 10°
FL1-H
C 0
30 B s ‘e:.'.::‘,

10 Pt 10
T Yl
10 =
- 8

. £ 5
10y i IS
100k MR T, o, )

10° 10! 10> 10° 10

FL1-H

4 FHARATIKE. A: IEH A IEZL0 pmol/L Hey) FFAHIEIETIBML; B: HHeyZH(100 pmol/L Hey) HFARIBIET BN C:
TFHREA(100 pmol/L Hey+H-ER+ZEAEZRB ) IFAIEET B0 D: AT 2. 12 EEATIRZE O pmol/L Hey); 2: HHey#H
(100 pmol/L Hey); 3: TFRZH(100 pmol/L Hey+HHER+2E4225B,,). "P<0.01 vs IEH R HRZH; P<0.05 vs ApoE™ XHHBZH. Hey:
[FEIAPEDEZRR; HHey: @R APEDERER AR

AR FUSIRE, HHey [ SEHAY  RIE T RE SHHcy 2R AEASEDIF L.
I P R AR T MCEE ANl 40 T (apoptosis), XFRAFETFE4NIAET:
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ac
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T

HFEZIMST1 mRNAN B FEE O
o
%

o
o

1 2 3 4

5 FFBLAMSTI mRNAFIZBBRIEKIEHNE. A: Western
blot/&; B: JFHZMST1 mRNAFK; C: HFZHLMST!L
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