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FriE R BHMT J R ek 3¢ 6 12 05 5 8044, B AR A1 15 97 1
HLEC BELAT 3 21 . 1E 8 41« 1E % 55 5% 19 HLEC ; X 40 .
YL T 233 B9 HLEC - B3, BHMT 3 3540 (OE) « B 4L
Tad Rk BHMT 3 K # 4K ) HLEC-B3, ¥ 85 5% T 10%
FBS (i 4 1MLV ) K5 7% 5& + Smmol/L Hey 552 W b, 1 H
EdU(5-Z Bk — 27 15 40 PR 1 W A% 1 ) 870 8 G 000 40 i g
HAFERE S, i A0 A SR I 1 450 ( ROS) B, 1 WL o
FEEE T A B H K ( GSH) 7514 , Western blotting #63ll PY
5N B AH ¢ R 1 ( GPR78, Nrf2) K J# T2 AH ¢ i
Caspase—lZEI’J%%:@o

LR .BHMT i 235 4 5 %F I8 41 4 i 38 s g i K &4
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2 ,BHMT (= £ iA 4] GSH MM 2 EJF (P<0.05);
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Abstract

e AIM: To discuss the protective effects of betaine -
homocysteine methyl transferase ( BHMT) on oxidative
damaged human lens epithelial cells (HLEC) induced by
homocysteine.

e METHODS: HLEC were cultured in vitro and then
randomly divided into 3 groups. Normal group: normal
cultured HLEC; control group: normal cultured HLEC
transfected  with empty  vector; BHMT  gene
overexpression group (OE) ;. HLEC transfected with BHMT
gene overexpression. All groups were cultured in 10% FCS
DMEM + 5mmol/L Hcy for 16h. After cultured, BHMT
mRNA expression was measured by gRT - PCR and
Western blot, the cell proliferation was detected by EdU
Assay Kit, The level of ROS and GSH of HLEC were
measured by Flow Cytometer and Visible
Spectrophotometers. The expression level of of protein
(GRP78, Nrf2, Caspase-12) was measured by western
blotting.

¢ RESULTS. After cultured 16h, cell proliferation ability in
OE group was increased by 30.0% compared with NC
group ( P<0.05).The expression of ROS in normal group
(89.2043+0.3511)% was obviously higher than OE group
(49.5625+0.4502) %, P<0.05, GSH activity in OE group was
obviously higher than control group and normal group,
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(P<0.05). The expression level of GRP78 in the normal
group and the control group was significantly higher than
overexpression group. The expression level of Nrf2 in the
normal group and the control group was significantly
lower than overexpression group. The expression level of
Caspase-12 in the overexpression group was significantly
lower than that in the control group.

¢ CONCLUSION: BHMT in vitro can prevent the oxidative
damage of HLEC by high homocysteine, clear the ROS
and decrease the ER stress reaction. Apoptosis of lens
epithelial cells was inhibited. BHMT plays an important
protective role in oxidative damaged HLEC induced
by Hcy.

o KEYWORDS:  betaine - homocysteine methyltransferase;
Hcy; human lens epithelial cells; oxidative damage;
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A 2% B2 IE 32 35 & R ( Methionine , Met ) X 4 5 5 K 44 %
2 E R ARG, RSB D R R e B
( betaine — homocysteine methyl transferase, BHMT ) J& Met
PEA TP EZ MG, BHMT 2246 IR AV B2 B A 8k
wmRIA, EA H A 2 Bt 2 B2 ( homocysteine, Hey ) F1 #
3t B L (1 5 S 0 ( betaine, Bet ) {46 Met [ FA
F A FRAT TR F 2% T R 52 22 A0 X5 148 %] 7 Jit ((isobaric tags
for relative and absolute quantitation, iTRAQ ) RicHE E
JoT 20 25 BRI ST 53 AT T AS TR AR 8 N1 P B IR AR A S
25 WY AR AR A 18] 14 22 5 81 1 5, O i k4GB 1 BHMIT 78
o I 2 1 DY B IR AR A DX K B AR R A B T A F
— A3 2B A I IR P BE R AR AR AR AT T SR E
B A ShIR AR 32 A0 RN 1 PR B0 i e ey 2 5 4R 45 1
PINLEI M ATERE . CAHBIR K, & Hey & 5 2U4E 18 HH
SR 1 B KU PR L BRI, 3 R R
XD TR BRI BESE B K OF 1 Hey 5 48 #8340 G
P R R B PIARSC T A SR T BHMT 2 i
FEk AR L B 40 i ( HLEC) #E 4785, WK Hey T
TIUT 240 1t vb N 5T 9 13 B 1 ROS e it 48U AL 3 G AH G il
I B T A B Caspase—12 AYZEAL , #2171 BHMT 7£ &
W s Hey MR8 F XT SRR 4P VR T
1 w7 3%

1.1 w8

111 B MA AL ER 5 HLEC-B3 4/ ir 4~ il
& (FBS, Ausbian) .DMEM ( Corning) . JBEEg ( [V 24E T A= %)
TR A FRZSE])  Puromycin ( Clontech ) \D—Hanks ( I
T PR R B AR A R F) , BCA 8 &k k7] 4
SDS-PAGE HE M Bie il 1l & (38 = KA w)) (FLIR B
S A L BT - GRP78 15 & ( Abcam, Cambridge, MA ) |
Caspase— 12 K35 & ( Abcam , Cambridge , MA ) 3T —Nif2

137 & (Santa Cruz Biotechnology, USA) , [A] I B 1 R 1k
B (B AL Tk & JRA BRA ) 26 s (1B
ARIAE) (COREFRAN ( H AR =3 88 W iss ( bk
T2 A R D) VB DML (R R R R B A PR
Al AR e ( BRI S s R A RA R,
GV358 A&, Agel/ Agel BV ( i PILSE R AL 24 R AT FR
3wl EdU R £ (C10310 Bif) |
1.1.294H F HLEC FibLsrh 3 41, IE® 4. E%
HLEC+10% FBS 55773, X FRZH . JBe T 25 404K 1Y HLEC+
10% FBS $5 3% 3 +5mmol/L Hey; BHMT i 8 15 21 . BHMT
i1 32 35 9 B R UL HLEC + 10% FBS 15 3% 3£ 41 + Smmol/L
Hey, HR¥E Velazquez %5 (S22 B9 5 24h J5 K40
KAGHE
1.2 7%
1.21BHMT EE S RZEFRSHEwHE HNH
BHMT(NM_001713) Hy b 7 5 9L JE Ak 2 5 R A BR A A
AR, TR B BHMT 3 K 257 K/ R 1 262bp, i A 48
Agel/ Agel FiEYIH GV358 1855 8 2% (& #4 # GV358 -BHMT
M B BT ORL, K H 418 9§ 3 BT RL GV358 - BHMT,
pHelperl. 0 #; 1K, pHelper2.0 & & W ¥ B /5, F A
Lipofactamin 2000 JI§ i /4 % HEK293T 4 Jifl ik 47 %% Y%  48h
JE WA 41 I SR FH Western blotting 3546 BHMT 2 35 1%
W, B A BURER (1, BCA B 8 B (MR, 48 SDS-—
PAGE 7855 m 4 # 2 PVDF % b, —H1 (1:500) 15 & 1
WG T 0 (1:1000) 9 & , B 5 A B & 4/ 8 6
WH ECL 454 Xt i,
1.2.2BHMT BRI RIEZEBFSHE B L HEME BRI
1.2, 1 ¥y BHMT J R i R 12 #2044, 4%« HEK293T
YL 48 ~72h HEATHR BEUSCR , 1 o SR FH A L 1) vk 4 4l Ak
53] v B )02 0 1 DR AE TR, S 7 8 HLEC-B3 J5 ,
T i AR A5 o 2 8 1% o T SR Y 20 i K, $E B mRNA
225 qPCR K W 2% 357K -, BHMT L g 51 49 /¥ 315 -
CCACTTTGACCCCACCATTA - 3°; F iE 51 ¥ % 3. 5 -
GCTAGCTCATTTGTGGTCATC-3’, A GAPDH R HNZ
FEEETR R 27223615 B A SE R A Rk &
1.2. 3 fREIEFEEE NRME  EdU 403658 5256 7 1 - B
PR A I AR DLAEFL 2 000 40 i 3 70 T 96 LA | B
IR B IEH AR B ; 418 i S0pmol/L EdU K373 ; AE1L
BN 100pL 50pmol/L EAU £ 5307 F 2h, S 1557 3L, PBS
THUEZAE 2 YR, IR Smin; BEFLIA SOpL 28 i [ % 3 ( RP
T 4% Z KPR PBS) FERIFH 30min, 5 B E W, FFFL
JA 50pL 2mg/mL H & #R , i (L3 R F Smin J5, 77 H
AR ; 15 FL A 100l PBS, B 4,45 PR 75 8 Smin, 3
PBS; BEFLIIIA 100 1xApollo %2 {8 52 1 ¥, 386 25 i
WA R 30min J5 , 78 44 €4 S W I A 100pL 235
#1(0.5% TritonX—-100 1) PBS) i 4 4% R IE UE 2~ 3 K, 4
K 10min, 598 % 7 5 B FL AN 100l H BEVE PE1~2
WK, FE YR 5ming PBS V& Uk 1 WK, £ K Smin; 2 B T /K%
100 : 1Y He AR R0 F i 1 xHoechst 33342
W, RECARAE s B AL A 100pL 1 xHoechst 33342 % i ¥k,
WG IR I E 30ming G 6N ; A 100pL PBS
THVE 2 W Yt )5 3 IR AT 98 6 B i
1. 2. 4 SR GIREDR
1.2.4.1 17 ROS &8 HFM4IMEIN A DCFH-DA %¢
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DR T B 77 5L, Wk B2 Ol 10pmol/L, 37°C W% & 4f A
30min, YA, 37°C 3G 30min , 30 X 20 AL AR
1.2.4.2ME GSH &% MW a6t (K
420nm ) I B4 20 43 e T RBK (GSH) 36 P B4 4l R AR
0. SmL, it FH# 2mLL &%) ,3 500 ~ 4 000r/min #5.0> 10min,
RIS W ImL #4758 68 5, TR AT, #f B Smin, 420nm
A Tem ﬁ[f}'/fé,ﬂ/’mﬂ(ﬂ;@t[ﬁ@{ﬂ' £ 0D 1,

1. 2. 4. 3 Western blotting # il £ A i J5T ) Rz i3 48 5% & 5
KIEAT-1*%E B8 (GPR78,Nrf2, Caspase—12) %Ik 4
JARE &L, PBS PR 2 7}\}: EETE Y 2xLysis Buffer ey
T AiFE R A EP &, UK 2 10 ~ 15min J5 8 75 B
PRANAEL, B 38 BCA WL & W EE . ke k4T SDS—
PAGE BEREHL T 75 BE K Bt B A W & A, e AN T3] AG: 0 3
Fl& BN A—HC(1:1000) , Z )5 T 4°CkFEN 5 —Pi i
B, ERIEDE S e R A Bt (1:10000) , 5 EH
Th, FRR PR SE INARE B4 1 2 A, T Bio-Rad &Y
A 0, 2 Rk R DL H B 2 K {5/ GAPDH
JREEMH” IR .

Beite# o0 R Geit # 50F SPSS19. 0 #1748 12
O30T TR ORI B bR 22 (X £s) FT/on, A E5 R
A3 YRR Dy 225081, 2 F HLECR T LSD -1 44
5, P<0.05 NZESAGIHE L,

“#R
2.1 Western blotting #ill BHMT ZE B Ri&ER T4
PG 15 R L Yt HEK293T 4110 48h &, BHMT 185 #4: Ye2i
YA BHMT 28 23R /K- B I i 1E 7 AR 2 AR e
(1), 228 BHMT 3 R 3o 32 3h 08 90 5 4R Ak il Ty
2.2 gPCR #&ill BHMT mRNA RiA155R >R BHMT 3
DR e 3 15 18 7 3 (B Y HLEC - B3 40 it J5 ik 47 S il 5
i PCR K| FFi545 5 5 GAPDH Y45 A0 b #¢, 18 %A
h CoEAZE 2 DL REAE R 255, RSB IEH 4N
1. 0032+0. 090, %5 Z AR YL L Sy 1. 475+0. 047 , BHMT 12955
TR Jy 986. 181 £106. 033, 2 H A i it 5 X (P<
0.05,&2) ,BHMT & [H 38 3= 5 B W /&, 29 02 1IE & 41
i 986. 181 %, 25 ZRARIR YL 1 5 IE W A HL K 25 S g it 27
=X (P>0.05) .
2.3 BHMT £ E it RiAxt HLEC #3EaE N &M F1H
EdU 55 & X HLEC S TH4 8 A8 1R, 1E # 2H XF B4l |
i 2 I 41 4N G 1G5 e 0 o i R (33.342+£0.045) %
(28.099+0.307) % .(58.141£0. 192) % , 2= H A G it &
M (F=38.726,P<0.05), 5IE& AL, i 23k 41 40 i
HHE LGN, 25 5 B G L (P<0.01) T X R
5 IEF UM, 22 7 G2 L (P>0.05) , WL 3,
2.4 BHMT EEERIEXM FUIRGIERATIE 405N
ROS 7K F .t 9 X 4l i {4 T DCFH-DA & 246 5 7w
WEHH R R o R H 4N ROS K43 51 N
(89.2043+0.3511) % , (91.4502+0.0606) % . (49. 5625 +
0.4502) % , R AGITFE L (F=99.348,P<0.05), 5
IEF ML, 1 FE 24 ROS FRAK, 27 A B 5% E X
(P<0.01), X A5 IEWAMIL, 27 LG5 iT22E XL
(P>0.05), WHE 4,
2.5 BHMT 5% 3%EX HLEC ) GSH &R &m &4
GSH {B 45 R L% 1, =41 GSH FHMERA G E
M (F=93.375,P<0.05) , SIE®4AHLL, & FRKiE4] GSH
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BHMTE 9
II d“lH

AL AR e el
BHMT |

CAPDH e e—

Bl 1 Western blotting #ll BHMT & B % i%,

12000 a
%1000.0F
3 800.0r
<
z 600.01
[«
€ 400.0+
s
= 200.0F
o
0.0 -
\E W4 FIRAAIK G4 BHMTR 9
JK gL 4
B2 qgPCR # il BHMT mRNA RixER *P<0.05 vs IFE
WA,
70.001
60.00
& 50.00f
R
32 40.00
:si 30.00 |
=
£ 20.00
10.00
0.00 EA AL x4 BHMTL&L?IL
B3 JLIGHEMPIETALLG] “P<0.05 vs IEH
F1 HILEHGSHFMHE x+s
215 oD GSH &% (mg/g prot)
IEHA 0.151+0.03 27.334+0. 23
X 20 0. 099+0. 04 25.016+0. 32
BHMT i3 ik 21 0. 141+0. 09 51.135+0. 11°

AL IEH 4. IE % HLEC+10% FBS 3535 55, % BAZ . J8 YL T 25 %%
&K HLEC+10% FBS 85 3% 3 +5mmol/L Hey; BHMT i ik 4
BHMT 33 2% 34 9 3 /& 4 HLEC + 10% FBS #% 3% £ 21 + 5mmol/L
Hey, " P<0. 05 vs 15 4,

TEPERN, 22 5 A WE ST E R L (P<0.01) X FRZE S
IERAMLN, 27 g E L (P>0.05)

2. 6 Western blotting il GRP78,Nrf2, Caspase—12 7
REREWESR =4 GRP78 X Fik & 4 5 N
1. 1081+0. 031 1. 2433+0. 020 0. 2282+0. 013, 1F 2 K %F
TR & Tl Rk dl, Z R A G4 L (P<0.05) ;
IEH A R IR ot R IR 4 Nief2 El’ﬁﬁﬁ%%it‘iéz‘%ﬂ%
0. 1061+0. 047 0. 1081+0. 040 0. 8276+0. 070, iF- & 2H 5 %f
M AR T KA, 2 R A G172 L (P<0.05) ,
VLI 5, IEHZH NFIRE Gk R IR T e Caspase—12
M AH X 2 3k & 4> 54 0.3032 + 0. 055, 0. 8781 0. 043
0. 1026+0. 050, 13 Fih 4 5 1F # 4 B AR T X IE 4, 22 5
YA G X (P<0.05) , LK 6,3 2,

3itit
HEFATH A iTRAQ FRiC B9 2 1 B2 = B AR5 43

e T ARV AR N A B AR A% 5 3 W AR A T 1 22
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4 FBILWAMA ROS KE,

EHH of I ZH BHMTid 6 ik 41
GRP78 ‘ - - .
iFE2 -

cappy R Sl T

E 5 GRP78,Nrf2 & 2H5i% K Western blotting 4347,
L4 POl L]

——

BHMTid % A 4

Caspase-12

GAPDH

6 Caspase-12 & HRIXH Western blotting 2347,

®2 FEMBENEXEARRKE xS
2057 GRP78 Nrf2 Caspase—12
EHH 1.1081£0.031 0. 1061+0.047 0.3032+0. 055°
XTREZH 1.2433£0.020 0.1081£0.040 0. 8781+0. 043
IFIRA 0.2282£0. 013 0. 8276£0. 070" 0. 1026=0. 050°
F 14.9 18.2 15.2

P <0.05 <0.05 <0.05

L IER . IE% HLEC+10% FBS 35353 % IR 4H L 725
K HLEC+10% FBS 33735+ 5mmol/L Hey; BHMT 3 ik 4H .
BHMT 3 22 34 95 3 8 ¢ HLEC + 10% FBS % 5% 3£ 21 + Smmol/L
Hey,"P<0. 05 vs IEH 40 ;°P<0.05 vs XFHALH .

SRR P, R URATIE T BHMT 76 125 I 20 1 P s bR A%
DX P4 K P B 2 T S 90— A8 30 5 4 1 R 3 A
ARAAARAEAT T 50E (AR SR A A R P
FE B ey 2 5 X A5 i BT AL I rﬁﬂ%%o TEJR LR
RSO BHMT 22— KR IEAY LN Rao &4
— R AR (4 SRR A T L BT BHMT, 31k 2 5 4%
HREE Y 0. 5% ~ 10% , (A BARHLHIANIE . BHMT 42 Met
PEFR vh 8 B G, TR Hey A48 A O3 A9 S 0
(betaine , Bet) f1k Met HYFEA R ", EAUATE H BRI
T YEFF Hey fag RI/KF I EEIIRE B A B, LR 5T

B M ELE] Hey X AZEH3h 4 SfetRAR T 7 40 I A0 520, 25

J000% 000%|  150.00
100.00f
S
P @
Ky S @]
o
? 50.00f
3t
e | s o
W e ! A L. ’ I 4 4L BHMT i ik 41
8 | escence (GIN-Be
BHMTY 4 ik 41

WREE Hey 1] LA S R A4 20 M 2 7™ 0 1) AR LU
SR AP BRI R AR R Hey TR S BOK R Y E
PR SR AN AE T FYE T, AT RR R BT R B
PR TR IR o 2 1 N R 9 T 1T BE 5 B AR
Hey W& 24 6 ) AF95IAH Hey J&—FhE 1 FI K
W P PR BT P 7 SRR . PN O B i ER T P JB R e
T AL BN BE IE U7 5 SO0 P 5 I R A 2k
i A= PRI RE AR 2R L Y — P I 2 B e B R A A
BRI B 78 ( glucose —regulated protein78, GRP78) J& V\]
T P9 17 RS I BB AR 1L AT N IR I B ROS it
Pt e E ZEHL ] & B PERK W?ﬁ 1Y) % S TR A (NF -
E2-related factor2 ,Nef2) P42 A9 7" 0 Nef2 WV ZHA
LB AL 4045 GR AR H Ak -s -5 il ai R |
T AU B 1O J e S g AN BT AR AL, Y R R AE A TR
A5 25FT BHMT 63 R/ LY 55 Hey ILAE %2 9 %2 B
SRR BRZEL, I FT ORI 200 e 6 32 o ] 24 e 2 vk J32
M55 Zhang 55" & BL R miRNAs 58 5 43 1L 48
]2 BHMT SR B2 R AR A Hey & & ¥R
BHMT siRNA B4 58 Hey 57T B 1 {2 7 44 15 41 it ROS
(7 Az FWTHE L DY) BHMT 38 ik 4% Hey 198 R 5429
FIUIRE

FEIFAT AL T R IR B 20 BHMT i (R
1T FRIA 18 e B AR, TE ST i 00 % 3] A AR L 21 I
BHMT 2 9 T R % 2 199 0 i 3 5 8 B P A S A i
G20 RGBT Hey T TAY ATOIRAA F Kz 40 i i) 4
4&5JJJE’JTFI]%H’E%O ARG, M A Hey TS,
BHMT 3 S5 200 A ROS 7K~ 55 1E 5 21 K ) R 4 ]\
%, GSH i P W] 8 715 , $2 7% BHMT W] LLAE 40 i 4% 52 =
Hey RIS , W2 0 i S8 AL B O R . Nef2 1) R A L E
— LU BT B 20 M IR B ROS 45145 1 Bt B
55 ST REEUS AR ME R 1 GRPT8 Y 2 38 [ 1
R A 5 AR, $2 7R 5 Hey Ja 30 1 P9 J5E 900z 384 )2 i, T

BHMT 7] A 0 A0 i 3 Ff S 07, 185 5 48 A %) £ 47 4, [+
B4l T PR T A G Caspase—12 BIFRIL
2 LR T Hey 55 1T PN T I W 3% s g 19 30

IEFEGTARIA L K 4 ROS 1977 4, ROS WE&T@?

A H R BB 5 T AR B AR G, i T in4e b
FIREE , B0 R & A Ak 45, 1 BHMT AT LA i
Hey ¥ 4 i () &0 Ak 358 05 75, 08020 40 i ROS 7K °F-, T &
GSH P, Y P9 5 099 07 385 52 o7, P03l 1 Al B 9 1, e ¢
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TR LA LB 8 Hey PR5E R otk i Rz 41 i 4201k
W5, AEH T HAERT A S Hey A 56 BYEE 7 T 1Y AR AR
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