CN 43-1262/R " [E s ik alifb 44 it 2020 4F55 28 %55 6 # 483

[XEHES]  1007-3949(2020)28-06-0483-07 - SIS .

Rapl A DNA HUIEAEAE Hey 12k vt 20 i B v i 11

i B, FRE"Y, RAE, AHFR, R E, hER’, DER’, MRE, HKRE"°
(1. TELERGEEEIAREL LT 2. ?El:ﬂk#%zﬁz%% 3. TEE%ﬂrk#a\%ﬂi%%ﬁ%&%,

4 THEMHRFAFRELR PS5 TAERKXFZHFKR, T AL T 750004 )

[E4A] RAW264.7 i, RAFXBAB; Ras48X%EEG 1A; DNA FiAiL

[# =] HHK 48T RaplA DNA ¥ AALLE R A F B &85 (Hey) it/ R 4% B % 40 6 RAW264. 7 3 74 w9 15
A, Tk WA T aT4E kM6 RAW264. 7 20 65 % 5T B 48 (Hey 0 wmol/L) #= R Fl # & 45 Hey(20,40,60,80,100
pmol/L) FFR4E 24 h & A XTT #& ) 4a fe & 7 ; Edu A& 0 28 83 581 5L ; QRT-PCR #F= Western blot #: ] Rapl A 49
mRNA Ao % & 89 £k, ¥ A 4L 45 F 1 PCR 7 (MSP) #29] RaplA B3 F K ¥ AL &, b £ B £ 2 B4 0%
Rapl A 69 AL ;3 Rapl A FHM % A4 4 RAW264. 7 28 i3 ) Hey #1ig , #0 Rapl A 9 mRNA F=& & K-F g £ 1L
R mfn g it oL, R LHaYRatak, RER ) Hey TR@AE , %0 & /38 5% £ 4 100 wmol/L Hey 3R
W% AR (P<0.01) , B 20 f3 58 K F 8] 2.3 An (P<0. 01) ;2 Hey #1385 , 20 Rapl A % mRNA B G R 2 2 %
A (P<0.01), 231 R P HEAAKFEAK(P<0.01) ; F4 Rapl A 49 &35 )5 64838 4018 # Hey BT 3069 4 Jo 38 78 (P<
0.01), %t RaplA B3 -F RAKF HRALNF T Hey F54 RAW264. 7 0 fL38 78
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Effect of DNA methylation of Rapl A on macrophages proliferation induced by Hcy
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[ ABSTRACT] Aim To investigate the role of DNA methylation of Rapl A in Hey-induced RAW264. 7 cell prolifera-
tion. Methods RAW264.7 cells in logarithmic growth phase were divided into control group ( Control) and Hey trea-
ted groups with different concentrations (20, 40, 60, 80, 100 pmol/L Hey).  Cell viability was detected by XTT to
screen optimal intervention time and concentration of Hey after cells were treated for 24 hours.  Edu test was used to ana-
lyze cell proliferation.  The expression levels of Rapl A mRNA and protein were measured by qRT-PCR and Western blot
respectively.  Methylation-specific PCR (MSP) was used to detect the change of Rapl A promoter region.  The changes
of RaplA were examined by immunofluorescence staining. Rapl A interference adenovirus was transfected into
RAW264. 7 cells and stimulated with Hey to detect the changes of mRNA and protein levels of RaplA and cell prolifera-
tion. Results Compared with control group, the cell viability was enhanced after cells were treated with different con-
centration of Hey, which was the most obvious when cells were treated by 100 wmol/L Hey (P<0.01), as well as cell pro-
liferation( P<0.01).  But there was no time and concentration dependence.  After Hey stimulation, the expression of
mRNA and protein of Rapl A increased significantly( P<0.01). The result of MSP revealed that the methylation level of
Rapl A promoter region was decreased ( P<0.01). Interfering with the expression of Rapl A can partially reverse the pro-
liferation of cells induced by Hey (P<0.01). Conclusion DNA hypomethylation of Rapl A promoter region may play
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an important role in macrophage proliferation induced by Hey.

[m) 75122 B 2R ( homocysteine, Hey) J2 H i & R
PEIAAR Y )=t AT A A2 it A S v AL AN
B5E 375 T A A A0 U TR I A P B D RE R
HLAE 2 Fh ML -5 B30 Bk ik A i 4K (atherosclerosis,
As) P TE As 7 L I AN ARG 2 0 R A
WSO DU AR S MRS 5T 26 W Hey m 2 a2E 155 05 241 i
SEFEAECE  (BALH R 56 2 B, Ras AHCHE H
1A(Ras related protein 1A, RaplA) J& T/ GTP fi§
MGG A SO E 5 i s R T e R A
AN B DA DNA 36k 2 —Fh &
B WL 35 A% 2= A A, R A6 B0 ) R 48 3 PR A 3R 3k
{H Rapl A HIEAL B ES 5T Hey T80 B W40 i
H9E, HET M ANTERE . ABE5E LU/ BRUERAZ 20
RAW264. 7 BTG, #3F Rapl A RILJ 3 F
FALTE Hey FrEi B w2 s s b /R

1 #RFTTE

1.1 paskiR ik 7

/NELCE 4 RAW264.7 1 B £ & ATCC A,
RaplA § ¥ 7 [£ 401K ( Abcam /A 5] ,ab181858 ) ; 1l 3
TRARTEAND BRI E (L EFY2FEDK
AAMR A E ) ; DMEM & # 3 7~ £ (Thermo A 7] ) ;
Hey( % 36 = /A8 ) 5 B 4 M7 (Sigma /A 7 ) ; cDNA
F AR A & (Thermo /A 7 ) 5 52 B % F £ & PCR
AR | & A1 EdU 3R 7] & (Takara A 7 ) ; & RNA
REAAE(ERBEMBHAERLAT); LESE
BIRA & (YLEAF);BCA EEALERIRA &
(PLEAE) s XTT R Al & (ILE A F ) ;Rapl A 373
Sl d B AT AN KRB ARAERIE A K;Cell-
Light TM EdU % & ik 7| & ( Ribobio, # E J~ i) ;
Rapl A T4t % & b OUIE & A 808 IR B $R 41,
1.2 L4

Hey % £ 20 4 3k & 1 26 . RAW264. 7 4 i K £
80% ,m N\ Hey 35 3= Hey By 4R 251 0
20 .40 .60 .80 #1 100 wmol/L, %8 i & 24 h, i 1t
XTT 5236 A0 M) 20 38 7878 47, s S R 2 4 R )5

SEBh o 3t B 41 Hey 41 Ad-GFP 41 Ad-shRapl A
241 Hey + Ad-GFP 41 Hey+ Ad-shRaplA 41, Hey 41
# 100 wmol/L Hey T 1l RAW264. 7 41 1, 24 h; Ad-
GFP 1 % 72 RAW264.7 40 jfi # % 1t % 1k R & 0
GFP %t F# ; Ad-shRapl A %1 % # % Rapl A it % % I#
A % ;Hey+Ad-GFP 41 % Hey F 7 RAW264. 7 4 Ji

Wy a4 3t k 3k IR W % GFP X P8 Hey +Ad-
shRapl A %41 % % Hey T 3t RAW264.7 41 g ty 2 #
b # % Rapl A TR AR #F
1.3 RAW264.7 HBatEFE

H RAW264. 7 20 3% 5= T 4 10% 6 2F 7% (1%
H4E £ DMEM £ 5 4 37 °C 5% CO, 40 o 3 5 4
W, 2078 %3 KM W 80% ~90% b, A &
0.25% & G B b 4% 1 4 AT, £ 20 e Rk
4 80% 7 A B HEAT L B, RAW264. 7 20 ff 4 K 3£ %)
80% Bf , Ain NAH I A % (MOI=100) i & 8 h, fim X
Hey (100 pmol/L) , 4k 2248 & 24 h #ATJ5 £ 52 5,
1.4 XTT L3R RAW264. 7 ZHAETE N

mp AT s AT 96 LR, L 10° M,
WEERFR24h AR EHENALE, 25N
FEWE , FANRER I AN, BT A
L, 24 h B Bt AN, LhEL3 K, &
W E BEFL A AN XTT % 10 pL, 73 h 5B, &
B AT 0L L 450 nm 400 OB E, B KK 655 nm;
i+ SI.SI=1X 3L OD #1E/ 7 B 3L OD #1H
1.5 EdU Zf@EiEil RAW264. 7 LA

Hey TH 75 LR ¥ N 2 E, A EU
oo XA &AM DNA 37875 M, 288 10 pmol/
LEIU 2%, 3 h )5, ¥4 M E <, H DAPI £ & 3
FEERMENE, TE EJU A,
1.6 Western blot #2illl Rapl A BIETE B R IEKE

W B B v dm i S AR iR L BCA R E R B R
WE, EARES EEEHTRIK BE,H 5%
JERE T F A 2 h, fe N B 4T B Rapl A RS2 52 &
ik 4 °C A, PBST ¥ = K, 4K 5 min, o N
WHLFRA AR L AN BT ERBEEF 2 h,
PBST ik &, I N & K 41, UL B-actin 5 N 5, %t
FE R e BT L R A, T R R AL
1.7 PREE PCR N ELELAA Rapl A BIRIEKFE

A PBS %2 KE, REHMK, w1 mL
Trizol 7t 754 i 281 L J& , 4% B8 48 . RNA R BUF B 4R
BCE RNA JFl e ok B fn 4 ) B R %% iR 7 &
e B R R R, 78 R4 AL B4 25 C KB 5 min,42
°C 60 min,70 °C 5 min & 1k X} , 4 & ¢DNA &, Fl
I PCR 4 3K 7l & B & K R %, £ PCR 4 3 (L
BB 3£ F RaplA #n 9 5 4L A GAPDH #ATH
B, 2TAM g E A X T A R A
B EENRA S, SREL3 R, BMHME, X
JH Primer 5.0 ﬁf*iﬁi‘f’glﬁfﬂ:RaplA Bl L Ss-
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TCCTTGGTTCAGGAGGCGTG-3", T ¥ 5'-TCGGTTC-
CTGCAGTGTCCAG-3"; GAPDH 5| 4 % L+ % 5'-TG
ACGTGGACATCCGCAAAG-3', T i#% 5'-CTGGAAGGT
GGACAGCGACG-3',
1.8 HBHENFRME PCR

MR AE 3% B 8 UL 91, A DNeasy Tissue Kit
( Qiagen Inc. , Valencia,CA) # Bk § 2 i 0y 35 K 41
DNA, # X F 4 DNA % € J5,# A EZ DNA ¥ X
fb-H #X #| & (Zymo Research,Orange, CA, USA) xf
1 wg Z£H 4 DNA AT B A H G, B Emik
A3 # 1L By DNA &= & F Tris-EDTA (TE) 2% » i

% 1. RaplA MSP HEW 5| ¥i%it

SEFA-80 CHEH GESFTHT N, £ KK
A 20 pL By IE T P o3 B46 B9 DNA, P ik V5 74
A 1xPCR %& W & ,1.5 mmol/L. MgCl,,0.2 pmol/L
H & A 51 4,200 pmol/L # % # dNTP F 1 U Plati-
num Taq % 4 ¥ ( Life Technologies, Carlsbad, CA) ,
%1t 5] 47 LA fE F| MethPrimer #2 /7 (http ://itsa. ucsf.
edu/ ~ urolab/methprimer) 4l CpG fL & By ¥ 1t
W&, BT &% HA PCR(MSP-U) fn § Z Ak K B
(MSP-M) 89514 F 7l n sk 1 # Fr o, & =&
2% AR FE R P A2 100 VTS B %k 20 min , B BR R
AL R AT

Table 1. Primer sequences of methylated and unmethylated genes

LI 519551 R (C)
Rapl A i 5'-CGGAGTATGTTATATACGGGG-3’ 51.7
(M) R 5'-AAAATTCCCGTTCTAAACTACGAA-3’ 51.4
Rapl A i 5'-TGGAGTATGTTATATATGGGG-3' 47.4
(U) TiE 5'-AAAATTCCCATTCTAAACTACAAAT-3’ 47.3
RaplA [ 5'-TTGGGTAATGAGTTTATAAGGG-3’ 48.8
T Ui 5'-AAACTTCAACCCACCTAATATACAACAAAT-3’ 52.2
1.9 it AL
FEHAE U ves BT, AN EA G, U g a
FIIERA ¢ B, % F A 50 L RB B B % g4
7 # 424 (ANOVA) . Fr & it 3+ 5 3 % SPSS o ter
17.0 #£47,P<0.05 H =R HZITFE X %1-0
T o8 e
0O 20 40 60 80 100
2 #Z& B Hey(umol/L)
B DAPI Merge

2.1 Hey Xt RAW264. 7 40 B 3 58 i 521

RAW264. 7 #iffl 28 [A) R FE Hey (0,20 .40 .60 |
80 F1100 wmol/L) K34 24 h Ji& , F XTT K 2 i 15
J1, G5 RBR TR Hey T-HI4IME 24 h )5, 400ETE
T BT AR Ak A Tk BE AR 1, A 100 umol /L
Hey RIS 003G 58 S R I, 2 R A Giit 2 X
(P<0.01) (K 1A), 100 wmol/L Hey H ¥ 4 L,
EdU #8 A RAW264. 7 4% A £ (K 1B)
2.2 Hey 3f Rapl A FRiZRIF NG

RAW264. 7 % 100 pmol/L Hey THiJ5 , H qRT-
PCR % Western blot Kzl Rapl A f33k , 45 R R,
S5XIHE A EL, Rapl A f) mRNA J £ FH 2235 357931
T T 80% M 113% , ZF A Giit5E X (P<0.01;
Kl 2A F12B) .,

control

[E 1. Hey X RAW264. 7 20138 78 /Y 2%
Hey 5S40 24 h J5 I XTT R0l 403 77 ;B jj 100 wmol/L Hey i

A AT e E

S RAW264. 7 4fi 1 24 h J5 4L EAU #8 A5 (100%)
0.01, 5% HRZH UL,
Figure 1. Effect of Hcy on proliferation of RAW264.7 cells
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Figure 2. Effect of Hcy on mRNA (A) and protein (B) expression of RaplA
2.3 Hey ¥t Rapl A B FXBEENX RN RAW264. 7 J& , A F MSP #5:ll Rapl A Ji 2+ X B 2L

FIRAEDE B A A B B0 RaplA Jash ¥ A8, 85 R, SXT A, Hey T, Rapl A Ji
X E58) TR 3 F L 413 ~1 207 bp I EAFTE— S FIXHIALAKCEREML T 20% (K1 3B) .
A~ CpG & (EI3A) , #—2 1 100 pmol/L Hey T

A
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|
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FARAS . M4 U SR AL,
Figure 3. Effect of Hcy on methylation of the Rapl A promoter region
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2.4 FEF Rapl A THIRREG Rapl A IRIZTH
FIFH Rapl A TR 52 (Ad-shRapl A) Fl GFP-

THexs B (Ad-GFP) 435Il 7% %« RAW264. 7 2l , 7F

Y AUEE T SRR i, 50 UE I 7 7% s T

(K 4A), gRT-PCR il Western blot £ illl RaplA
mRNA S8 IR 25 0R W, S X AT L, Ad-
shRapl A 2H Rapl A SRk B/, 2 RAG Gt &
X (P<0.01;& 4B f14C)

Ad-GFPAH

XTER4H
B C -— - — s | Rap1A
1.5 15 W | B -actin
2 s T
(0] >
< 1.0F -
Z £ 10
o a 2
€ S
< B a
é 0.5 ‘<)_: 05 a
T g
o
0.0 0.0
XtERZH Ad-shRap1AZH  Ad-GFP4A XtERZH Ad-shRap1AZH Ad-GFP#

4. ¥4 RaplA THIRFE G RaplA MIRIAKFEEL
Wertern blot BrillJ% & Rapl A (933K, a 2y P<0. 01, 5% HRAL Hg

A SN AR TE R B34 (100%) 5 B A1 C 405 qRT-PCR 1

Figure 4. Expression change of RaplA after transfection with RaplA adenovirus

2.5 RaplA Xt RAW264. 7 40 a8 58 49 500

AT ARG Rapl A 7€ Hey 30 RAW264. 7 4if jg 34
SRR, #E— 55 e Ad-shRapl A Ad-GFP Ji5 %5
% RAW264. 7 4, 71 100 wmol/L Hey Hl3# 24 h
J& , XTT 1 EdU i) 240 s GE 15 0, 45 R R W, 5 X7
WAZHAH I, Hey + Ad-shRapl A 41 RAW264. 7 4 Jifd i)
HEREA U] W AR, 22 5 B B 3 (P<0.05; A
5A) ; [AIA, Hey {2 #F EAU 8 A RAW264. 7 4% 1Y
W R (E 5B)

34 #

Hey J2& H i 22 R A P A A4 vh 18] 7 4, i IR |
B 25 AR R 20 2K Hey ZKFE T 15 wmol/L
FR A v R Y 2 bk 20 2 Ui A ( hyperhomocys-teinemia,
HHey) ', BB N2 As IO 20T Sl R 35, 7E
O G I AE PRI B A J) 1l A8 s A A5 9 g v B A
YEFIT' . HHey R As BIHLEI S TR H R A L. 5]
TS P B A0 A0 05 B 33 R e 5 A JER ] st A - oifh = i
AW ARG S 5 TR o A5 Y- T L 200 L A

B s VG B AN I 5 AR SHE AR TR R ARl T R
201 L 1 R AN A W o 2 S TR A As O ER A
O ST Hey 76 F W20 i 3% 78 b i pL R B R R
HEME L, AL R R, DL 100 wmol/L Hey
RV 24 b W5 20 ) 59 A0 s o B R SR
Hey T DI HE B 40 i 2 v , Eiﬁﬁ?ﬁjﬁ*ﬁ[[m o
Rapl /)N G &5 11 =W B8 2 5 L Ot |, 740 Y
BEERIY Rt B EEAEA T Rapl 7E0H
LA IR R E FEER  A0 HF BE
I F, RaplA A Rapl [ Fh [&] Fp 7 & 2 —
(RaplA A1 RaplB), J& Ras #H 3¢ WL i1 8 H it
(Raps) ,5 Ras"™" i MBI e & . Rapl A AT LAAE
GTP 1 GDP 45 {3 il Z A 5 45 5 H BT Y 280
PALRLAE S MEAE R I, Rapl A 915 H A 45 14
YN M AN AE S, BN A B AR R Y R A
(extracellular regulated protein kinases, ERK) , &5
RS FA AN S B, OF HL5 40 MBS 5E G B L 20
2 R LA B 240 L G A 2 DDA OGS R
AN AN AL Rapl A 1 EARVE & AR, BT
TR AERE TR AN IR T Rapl A £ 328 168 S5 15 40 fif Jg
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Figure 5. Effect of RaplA on proliferation of RAW264.7 cells

a k) P<0.05, 5 XA L # ;b

g A AR K ] miRNA B¢ Rapl A J5 |, fEfS
Il Racl/PAKI 38 P&, JF val 55 1y 1) i 968 4t M 3
B2 R Rapl A S 541 FE, AR
ZER R FE Hey T HUE W45, 11 Bl 40 i 3 5
WPERYHE AN, Rapl A R 3K KT+, 28 Hey F3L
1) e 2 3 3 T BB 5 14 Rapl A A9 R 38A 56,
J T —2 B Rapl A 7E Hey 25 15 41 i 344 5
PFE R, FRATTHE B WG 40 i b 5% Y4 B 3 T3 Rapl A
235, R Bon s T YR B2 )5 , Rapl A 193
KU REAIG, HLRBAE — & FR B 1 % Hey R B E I
M3 FE , R W] Rapl A 52 Hey B Mg 4 4 5 1
ZHLH,

DNA H Bk J& 35 76 DNA H 3L 4% B i} ( DNA

methyltransferase, DNMT) BJ/EH T, £ CpG & —#%
FEAR 5 A MR e i AV 3 i 22 A8 Oy 5-H 3 fifg g
WE , X Ff DNA &4 7 2% ol A B R 7 5]
HEaEEE L E N RE, ERN, Hey 81t i
LIRIEI L B LR 20K B LG 52 & DNA I A
Jo3 5 SZ AR NI R A 235007, PR DNA R 64 A
S IR 2 0k i 5 2, R H TR 9T A A4
B EE BT R B, Rapl A Ja 8 T X AF7E—
KB K 795 bp Eﬁ ch 5, 4278 Rapl A HU23A 1] BE
Z PR, #E—25 1 MSP £l Rapl A Ji5 s F
X H 34k, 2 %ﬁr Hey #ili8 RAW264. 7 41 fl)5 ,
Rapl A JA 8l 7 X I 540K - B S BRI, 5 Rapl A 3%
RFARAL , W Hey B F E4N A 7E 5 Rapl A
Ja 37 X AR B 34 8 Rapl A AUZE354 ¢, NF-kB
SR SRR O S As B A R A B IA
AT R, TE As Jog kb o (0% WG 41 AR SF- UL 40 ff
SR AN NF-kB i BTG AL ) H Rapl A 27
T 5k I T Ok R P W AN I A iR A Rt —
W%

ZE TR, Rapl A ik B AT T Hey 301
W2 s g, LIS Rapl A J3 30 1 XA AP 564k
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R I A IR Y 38 5 5 9 0 IR, AT RE Sk SR
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