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Abstract

BACKGROUND: Increased homocysteine levels lead to apoptosis of pancreatic B cells, but the exact mechanism remains unclear.

OBJECTIVE: To explore the specific mechanism of DNA hypermethylation of Ephrin A receptor 2 (EphA2) and its promoter region in pancreatic B cells.
METHODS: Mouse insulinoma cell lines (Min6) were cultured in vitro and divided into control group (0 umol/L homocysteine) and homocysteine group

(120 umol/L homocysteine). After 48 hours of intervention in the cells, immunofluorescence and western blot were used to test the expression of apoptosis-
related proteins Bax, Bcl-2, and Caspase-3 in pancreatic islet 8 cells of the two groups. The expression levels of DNA methylation-related proteins DNMT1 and
DNMT3a were detected by western blot. Real-time fluorescent quantitative PCR (qRT- PCR) was used to detect the level of EphA2 mRNA. Western blot was
used to detect the protein expression of EphA2. Nested methylation-specific PCR was used to detect the level of DNA methylation in the promoter region of

EphA2.

RESULTS AND CONCLUSION: Compared with the control group, the expression of apoptosis-related proteins Bax and Caspase-3 in the pancreatic B cells
was significantly increased in the homocysteine group, and the expression of Bcl-2 was significantly decreased; the mRNA and protein expression levels of
EphA2 were significantly decreased (P < 0.05). Compared with the control group, the EphA2 DNA methylation level and the expression of DNMT1 protein
in the pancreatic B cells were significantly higher in the homocysteine group (P < 0.05). To conclude, EphA2 DNA hypermethylation plays a significant role in
homocysteine-induced pancreatic B cell apoptosis and DNMT1 may be involved in its hypermethylation process.
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0 5|= Introduction

W PR IS A2 FH 9 5 2R 27 WA AR FH S2 4% T 5 SR T v ) —
Folp2 AR R, L 2 TN PR TE A PR BB A i LA
ik 90% Y, 2 BURE PR B TR S R WA L, TIAER
o 5 ZR AT B 0 AR AL A T B PRI, LA b
WA RN, 2 SEWERMRA, & & 07 AR
T IR R A AR | W PR I A A S IR R R R A
BRofmkrEa. NMOBBIESRW SR T B 41/
fThe L3cE ), FRA R, 73S RIRTHT,
JBR & B 44 M ] e ik K i I 2R A WA AR KRR IURE IE KT 4
MR AT, SRR B 40 A H IR I S B D R
RAATIIE AR, AT I ERAE R 1 R AR 5 R o Il PR
Fei N, 2 RUBE R B R LTS T 2 A (R B 2 i R K T
Fhe, FEEHR I AR R UM . R 2 e o R A AR
SRRAEACUHT AR T B — B Rl =4 B, S s w R A
WESE, [FACEERAG S RMEE AT A%, ET%
HEEM AN ThEE ©®. Ephrin 524k (Eph) J& fir EE 1) — K%
TG 2 TR (RTKs), FLrb, JFACE A A 25244 2(Ephrin A
receptor 2, EphA2) /& Eph 2R Z ik i 3 BRI 45 K 1 *,
WK I, EphA2 T TE [F] B4 2 e 20 B8 175 5 P4 2 400 A i A7 1 ik
FERVEHBEME, (HILLE R B P2 iR 5 & i bl 5 o
MR RIS 42 Y. DNA FREEAK R [ 0 ok S R 5 RS AR S0
W EZHLE], BAEWICER, DNA HEAL KT 75 2 b R
G A I SRR R s A 2 b T2, (BRI R R R 75 3
BB EphA2 DNA FHEEAK KT 2 5508 PRI 1) R A R e B ATt
RILHRIE . B, KT S fE4R T EphA2 DNA FEAEAL7E[R]
T o G BR SRR 5 B AU TR R, it — B e R
- Pk R T BN PRI AR R 1) 40T BB AR SR B4R A

1 #RIFN753E Materials and methods
1.1 & RSN SEES, PHALREA LU SR ST FEAS 4656

1.2 BRI A g SEIGT 2020 4F 11 HZE 2021 4F 12 AETEE
BIR2EE K T AE AT oA i i 70 25 S 06 % 58 o
1.3 AR RS B AR (Mine), Hi T B R RF RS B
TWFEATSRMEE: G MiE. RPMI-1640 177 4
(£HE, Gibco); Fitx ARFHILIE ( 35 m RKAEDFEARBFHT );
[F 2P 2 Bk K (36, Sigma); JE[AIZH DNA $2 U7 &
& RNA SRR (650, RIR ) A d a0l &M &
FE s & (R at, L) SR S SE I 58O 2 & PCR
BRI & (3, Thermo Fisher), DNA HI AR MR RGR & (3£,
ZYMO); EphA2 Hiiik. Bax Prih. - (Bt K & & R AF = P
= H N 3(cysteine-containing aspartate-specific proteases-3,
Caspase-3) Hif&. Bcl-2 Hitk ( H [H Affinity 24 & ); B-actin #i
R (&, FE); Sk EEAETAEY TRARAA
B HG CO, Hi 7 M8 (1, Heraeus); i LAESG (75N, %
7% ); 5415D Mg & B0 (48 E, Eppendorf); BS110S
RO R (FH, Sartorius) %€ & PCRAY ( _Fifg, HRIL )
HLVKA . HLARA . B S AX (3, Bio-rad); HOBILERER
UL (Zeiss).
14 FE¥7k
141 HfEREIR AR 7E 5 R AR 4 2L 10% fig 4 1M 1
RPMI-1640 ¥ 72Vl 35 77 /N I B 4Hfi, B TR N 37 °C,
RT3 4 5% (1) CO, MR FR A . A M35 BT 5 B 77 e
RFR) 80% B, 4% 1 1 3 LhBIEEATAER, 2d MR 1R, B
3 3 AR AT AH DG SE IR IR . BOIRES RAF A i 2 6
FUCF, HYHRIR EEIE R 1x10° A / FLI, 05 R R A
FRCIE Sy O pmol/L AR HRZE, - [R] Y~ HE 2RI 2 120 umol/L
TERNFIT R IRAE, fET-Hi48h 5, KA+ .08
W, AT A DGR ARSI o
1.4.2 Atttk Bel-2. Bax M Caspase-3 it H
RT3 H 4% FH R 23 S0 [i] e 0k T 20 % [) 784~ o R 4 /) R
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B 41l 30 min, PBS P 3 X, HEK 5min, AR EL 10% i
AMNETIFE 10min, PBS e 3 U INLLI=E ME 3 P41 60 min,
A\ AH % ) Bel-2, Bax. Caspase-3 —Hi#ifk (1 : 400), 7F
4 CHMTWE A FIEAM, 7E%=iR NFE 30 min k&
i, PBS e 5 min JIAN G P (1 1 100), TEEEFKAF
N 37 CH#E 1 h J5 A PBS Rk If RGN 100 uL DAPI HL4H
Mit% 5 min, FEIRH PBS Bk 5 N G A K A BT, R G
5 A E T HOGIL R A B T WS,

143 FAAMEARIMATIET R S B M2 4.
O Xt HEZH (0 pmol/L [F] B 22 Jk 20 18 ); @ [F) 284 > k2 e 4
(120 umol/L [FBL e 2808 ). i B 240 1 [R) 2~ Ik 20 18 1 il
48 h J5, We4the, PBS VL2 )5, HIASEEY4LAN EDTA 1) 0.25%
JEBE A S A R ok, BN LS mLEOE T, HE
OHLESCr (4 °C, 1000 r/min, 5 min) Jo{EEW, A 1mL
PBS KA B0y, B BIRERAE 2 IR EROGKM T 1 1 9
1) EL B BE 45 A M N B S A SO S, B BN Percp
5ul, PESpLRIRIES), #rik 15 min, WRAIIFHIDERIL IS,
7 B R U 4 AR I 2 B 9 T %8 . SR NovoExpress 3
1.4.4 SCIFRYGE & PCR Al EphA2 mRNA [#)3%1E5 k3 RNA
simple Total RNA Kit $% Bl £ 20 /)N B3 55 B 41 i 5 RNA, K
RNA 1&#& Takara Bio 037A {77 &1 5% o &% cDNA; EphA2 |+
F AT NCBI f GenBank i 418 i 2 AT 75 4% I 0 H it 47 514
Bl

EphA2: F: 5'-GCA CAG GGA AAG GAA GTT GTT-3'; R:
5'-CAT GTA GAT AGG CAT GTC GTT C-3',

PCR ¥ 1&FEF: 95 °C (30s), 95 °C (5s), 55.1°C (345s),
WAEIR 40 Ik, ¥ GAPDH BB NN Z, FEMdE 27 kit &
RERT 45 2H /N BRUBE S B AH i EphA2 mRNA [f1RIA & .

1.4.5 Western blot & ] Bax. Bcl-2, Caspase-3. EphA2, DNMT1,
DNMT3a [f] & (3R 1A 3% I8 42 85 (1 3 Bk 7 & 1 i 10 42
HU R F R R A R AR S Bl e 4 & 1, R H
BCA VA & & HIVK ¥ J5 & &, %1 © 4 i\ & A loading
buffer, <& 99 C & 5 min i 25 1A, F3ZH 1L 30 pg
R I 3EAT SDS-PAGE Bt fi FEVK, HIJE Y 80V, 30 min Ji %
£ 120V, ZJE#HATHEEREMRFN: 03A, 2h, KEAK
% PVDF i, F 5% Wil 2F @53 i 2 h, H PBST Pl 4 Ik,
YR 5 min, F3 4 B -1 oA B2 LA R B LA B R Bl-2,
Bax. DNMT1, EphA2. Caspase-3. DNMT3a DL f B-actin Hif,
4 °C PRIRET; BRI A B bR id i =P, %1
5000 Lt #ike, ZiE THEE 2h, PBST JJE 4 X /5 min;
1E Bt e G 53 A A b AT A8 4 B, 4o it Bel-2. Bax,
Caspase-3. EphA2. DNMT1 f1 DNMT3a 5 B-actin N 2= K &
(B HAE IR BEAT T B0 M7 o

1.4.6 B ALK B PCR A5l EphA2 )& )7 X DNA H
FeAb K $HE TIANamp Genomic DNA kit 15 BH 5 $2 B 5541
2 HO i 4= i DK 4 DNA, 0 4 B A 4 5 B 2H DNA 4T

716 | DEHEATIEWAR | 582748 | 5558 | 2023528

LB, a0 3Lk 2P PCR LRI EphA2 J5 Bh T
[X DNA H I ALK T2 T R A4, RIE EphA2 IG5, 1E
MethPrimer W U1 TN A1 519 e FEBEAL S5 AEH 244k 519, T
*=1,

=1 | ZESIFS

Table1 | Primer sequences

519 gl
4514 F: 5'-GGG GGA TGT TAA TAG TTA TAA TGT G-3'
R: 5'-CTC CTA CCA ATA CCA AAA ACA AAA C-3'
AL S F: 5'-GGT GTT TTA GGT TTG GTG ATT C-3'
R: 5'-TAT TAA CAT CCC CCT TCT TAC GAT-3'
AEF ISP F: 5'-GGT GTT TTA GGT TTG GTG ATT AGT T-3'
R: 5'-CTA TTA ACA TCC CCC TTC TTA CAA T-3'

Bl R R AR Z: M AKF 25 ul, PCR MIX: 12.5 pl,
ddH,0: 7 pL, F': 1pul, R': 1pL, f&4fiJ5 DNA: 3.5 uL;
CAAR 514 PCR P9 N AEAR, 51404 38 1 B 4. 95 C
(5 mink 95 °C (30's), 63 ‘C (30's), 51 °C (30s), fEH 4 M 20 ¥K.
FExF P 510 R AR EE R AL S itk AT 4, B S R R AR
TE 1% B3 RERESRERE BT UG b R AR FR RO H R b
FHPESG T (M), AR A BB AR B PBH R 2 (U), 44
A AT I 2L =M/(M+U)x100%.

1.5 T EZURIEAF (O Western blot [ 435 % A I 5 2H 48
Jifl Bax. Bcl-2, Caspase-3 i T-AHCH H#KIA: @4 AR
or 2 L R T AR s SIS 58K 5 & PCR J Western blot £
I EphA2 mRNA % 2 [ ik @ 530 40 4% 55 1% PCR &
Western blot £ 75 [/ 24 1= Bt 20 BR E 1 T EphA2 DNA H 1k
KA A o

1.6 S#itFo NESGIFHECETREERKFEENS
L K E . A Prism 8.0 Gt AE R S BR AT S it
TN, RIS BB E TR, DL xts Ko, WA LA
KBS REA t K36, P < 0.05 B FoR LBl 2= 5 h B E
PR .

2 258 Results
2.1 RIEFRLRBA L B @A AR A5 ATHoh R
G e Yt J Western blot £l /N BRUR & B A A AH G T2
HERBEO, o Bax MM TIEE, B-2 NPT EA,
1M Bax 5 Bcl-2 fLUAEIG R, RGN AR AR T,

SR EIOR: BB BRI S B AR A S TR A
Bax % 6k K B K FRIA S M L B BT, $EoR
7E R B 2  BR T TS Bax [ERIE =i R R IR 4
Bel-2 2 MR FE IS J iR KRR, $onTE [ B P e e T
TilJe Bel-2 RiA & T ;[R5 R Fe 4 Caspase-3 7 i &
FE AR S50 A LRIE LT, SRR R T 1
Jii Caspase-3 ik A il hn. H1 bl B R 7Y 2 ok 420 BR T T
Y 5 vT LA RS B AR IGVE T AT, UL 1.
2.2 AR g AN B A F R B AT MR B AR T 8RR
K A ARSI AR T . S5 R EIR: SRR
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R G 925 e S A T T 4 R Caspase-3 [ 3 15 1 L (x60); [ C Jy Western
blot #: W20 H Bax/Bcl-2 [ 2R (13514 ; & D 2y Western blot £l % 2H
Caspase-3 FR H K IE. SR L, °P<0.05, Caspase-3 Nt &E
MR A& R R e R B 3
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Figure 1 | Fluorescence intensity and protein expression in apoptotic
pancreatic B cells
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Figure 2 | Effect of homocysteine on apoptosis of pancreatic B cells

23 B A F A B AT EphA2 A KF 89 FHoh N T EH
EphA2 R 7E [A] L B 2R IR 5 5 N SR & B Al R AR T,
i Ron 0 JB i B 4L EphA2 mRNA FIEE H FIRIAE L, K7
SR B S B ¢ Y 8 B PCR J Western blot #EATHRIII . 45 4 5
e [EIBLRIEZER H R & B 4H il EphA2 mRNA ik 5 xf 4
FAEL, BHRPEAC: HIRI R PEGER 4L IE 5 B 40/l EphA2 AHK
HHRIAMHEEK, WE 3.

2.4 RE)A FPLA LT EphA2 DNA T AL K-Fa93ve N T
BRNIRZR R e s R A EphA2 2 1 & B A R AR LA L
il 75K A S b R 14 PCR G FEE 5% B 4l ' EphA2
(1) DNA FEEAL K. SRR, [AZLF i Z R4 EphA2 DNA
FEAL K 5o AL L 2 T, WE 4.

B EphAZl- — -
B-actinl— —

15
3 B
f 1.0 10 2
P4 a t
£ g
~ o~
g 05 %0-5
uCJL w
0 0
ALl ARl AHEAL RSBl

BlE: P A TRSR S 56 2 1 PCR G EphA2 7R 5 B 4HA-H mRNA
MIZIE TG B B NP4 EphA2 2 (R IEE G . S5
FHEC, °P<0.05

3 | FFECE A A B3 4f 2(EphA2) 7EFR S B 4RRE - HIFRIA

Figure 3 | Expression of Ephrin A receptor 2 in pancreatic B cells
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Figure 4 | Detection of Ephrin A receptor 2 DNA methylation level by

nested methylation-specific PCR

2.5 RIAFRABEAEL B @ T FxF DNMT1. DNMT3a
E G Akt # ok Western blot y2: 46 Ml /)N BRI &% B 41 i o
DNMT1 J DNMT3a & [ R KR AL . 45 R EoR: AR
TR 2H i B B 41 fiid DNMTL 2 1 3Rk S50 BEZHAH LU A P Tt i
Z AT W EVER L (P<0.05); 1) DNMT3a ik P2 2 i) 22 5+
TREEEL, WES.

A B
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Figure 5 | Protein expression of DNMT1 and DNMT3a in pancreatic B cells

Chinese Journal of Tissue Engineering Research | Vol 27 | No.5 | February 2023 | 717



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

HAEZE

3 111 Discussion

BB LGRS kR, ARG R AR S, [N
2 OB PR R AR Fe s [ 2 G m B 2RI R B . 2017 4
BREA 4.15 12,2 BUHE R 3, BT E 2045 4F KA F) 6.93 12
2 FUWE R 2t IR B 4 B A AR AN R 4 3 B R R
WA B AN 20 i 5 AL S B T BRI S
B A TR AIE AR A A AL —RB R U B AR,
AT T YRR S B 4N fa S B E 2, M ARE M b o i
DA RS B A IE i, gl KATHET, &Y
I TAKF A B T 4EFe 5 B AR PN IR B4, (St &
ML TR 2 S EUR S B A EE K AR AN AT, T
S B WA M DR R TR 2 RO PR 1 Rk AR
RIEr A mEEM .

B T A2 EH LA B S AR A AT i 5 248 L PN FIAF ()
BETRE P 1 S B4 M 2 AR B0 T i RS B, 40 3 B AR
PE. WIRHERIZFEFLER N TR 3 P A RS R AT, X
B & 42 4R ] DL 5 Caspase-3 [5G . Bel-2 S A AR 40 i i
TOWR PR, BT Bax RAERE BT . Bel-2 R IL T,
2> FE Bax F A7 B Aok A 5 B s B, s SR A 1 8 P
R IR AN ML € 2 ¢, WUE Caspase-3 IR S N, HETM
RAT B, 1M Caspase-3 &4 AU TR 42w LI DG4 R
A E R TR S ShE AT, B A
KA o T g A AP E R . BEE R, R
R AN FIhRe S %, ol i & S Bk REREAL IR T i,
XoF A Bz A 0 3 A A 5 U 1 R AR A o A A R g [ 28 e
AR % UL B8 I 2P e R 45 & I AE VS TR A7 A, D&
W JF B[R B R AP T g 2 . A ER, AL
2 ik SR A o ML P R A BT S R DR 2R e (R PR
BE ORI, L R B KT B T, R
PRI BB 2 AT v R R 2k R T s VKT PO SR A
7t )¢ Western blot &l 1], S5t HRZLAHEL, [FI 2R
ZH 21 Jf2 Bax/Bcl-2 IR ELAE RS K. 1M Bax 5 Bel-2 [R LUAE tRE T
Caspase-3 U FE B, HHEBA, WBUERERE, X
IR BRSSO I, TR B i E IR 4 Caspase-3 [ 2R
HRIEWE EFbe 28 BRTIR, RIS  he 2me vT AR & B
SN A AP T, H 2[R0~ e 2 R L Al o R Mo 428 15 gk
55 B AU A AT H AT A B .

EphA2 2 7= A (i 2140 i A i 3% (1 B 28 [ (Eph) 24411
F B G P, Eph 324K SRR B K 3 ephrin [ EC A TE £
Fh Az B AT SRR R AR R PR EEEAE . Eph 324 R KD
5y R 2 NS R, o Eph 5244 52 14 g S B T (RTK)
MR KK . EphA2 AL T4l |, 5 ephrin-A fiik s &
o> PR LI, A 40 K R 3 G, R VA O AR 1
T, EphA2 FREMZ, [FIN BG4 f12 280k, AR,
EphA2 7E 7L e 7 20008 A it v 350 iy R0, 7E 40 R 1
e RN B F v ok 4 25 B 2520, WEN 25 7 ZE T A M R e
PTG A R B, PR EphA2 [ DR 3 58 AT il L i 1) A=

718 | DEHEATIEWAR | 582748 | 5558 | 2023528

FREERE TR DS, RIS AR A0 B R T A T e IR S
R EphA2 7 [ 5L o 20 e T 19010 Jt i B 4t o 2 1 4 1
mMRNA R IE KB AR T4, KUk, X428 EphA2 1]
REE I 0T i i B 20 B T ) A e s, DT AE W BRI 00 11
o B L R R R A TR

DNA I 34k, o 8 W A% f HL A R AE 1k B Lo 2 — 2,
B IE I R e € T 45 44 . DNA g . DNA 42 i1 DNA 5
E A EAER, MR DO R Rk, Horp
DNMT1 F11 DNMT3a 2 i %5 DNA HI 2 1k, [ ¢ 4 7 7 2%,
DNA FF 3 4k xof T L 3h 4 ) 21 23 8 AN Y AR 1 7 A2
ANE /DR, HETE KD DNA B IR AL /6 L 350 R . 18 Ik
PR TP S R IE B, BARTE G bR A T LR
FI| DNA B = B AT ] i 2 vl B i g b, (1 ffa s v FR Ao
WAAERE N BB T X I CpG B H R %3], X2E &
CpG [X 35 [ 3L A 2 75 HL 5 DNA H 34k (1) 36 2 23 0 Ak i B9,
53T EphA2 B[R 5 311X CpG 487w, EphA2 m] Ak H
Fefbo NAFTA B4 M b 06 5 R B B R N, (E 5 3R 2 [
RAENE S B A bRk, WFFURINL, & 2 B DH ] LA ik J6R
By BANRr=A, 2 i B R R A v R A B I T e U e 4
il MTFIASE R & B 4 Mo AR B B ek, I HLUR AR IR B KA
P, B SE 2 RUBERIE I R B, RIS (R 2 2 e R A2 2
WAL S 5 BN @ =1, TR 3L 5 40 A DG 2
[K 7] DNA 7y FEEAL B8 DDA G, IRk s R B, (A 2R 2K it 4
FRZHH EphA2 DNA HIEAL KPR BT, RTINS R 4
KRR R 4L EphA2 KR (12 1 AR KL, X it
7 EphA2 #3215 7K 7 £k 5 EphA2 J& 51~ [X DNA F B4k 7K
SEFH B AIAH 5. DNMTL J2& DNA & i) J5 2 R B JE A0 R = 10
B B, AE S B vh R 5 3 BB AR o CHEN 25 B
RIULE 2 BURE PRI 28 AN B R By 2 B R, 35 v R A
TR %4, BRI H DNMTL 55 2 7R09% RIS H 2 1 5 SRR A %,
DNMTL 7 2 B PRI o (L B s TR IR 4. L VR 5
RILIFI AL B 2 B2 2H -h DNMTL Rk Fhm, $&7% DNMTL 7] g
£330 EphA2 DNA 5 FR A R FH IR 2

ZE L FTiA, EphA2 )5 27X DNA ALK I R0,
AT e A YR I R T SO & B AU T OB BIL A, X0
FER— PRI A B P R S B9 B 4t 43 Wb D e kAR B
19 SO0 PRI 0 A LE SRR T 37 4 S0 A 4 AN E 5 7 1] o
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