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BfL 24 he LR R AE 100 mg/L ox-Lp(a) 4 A HUVEC-12 W B 4mfe 24 h )& |\ TET2 B2 & T %, L 2 % LA hsa-
miR-125a-5p #9 %%, anti-hsa-miR-125a-5p #&i% £ ox-Lp(a) 3 HUVEC-12 M & % it TET2 % & 4= mRNA #.i& K
B AP B R A E W T e, ox-Lp(a) B 3538 e 2 & 4 N R 40 I 38 15 M2 A2 5T 4% anti-hsa-miR-125a-5p 3f 4 i 4%, &5
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[ ABSTRACT] Aim To investigate the epigenetic regulation mechanism of oxidized lipoprotein (a) [ ox-Lp (a) ]
injury on vascular endothelial cells. Methods Bioinformatics and luciferase reporter gene were used to screen candi-
date microRNA binding to 10,11~ translocation enzyme 2 (TET2) mRNA 3’ -UTR and verify their targeted binding tenden-
cy. 0 mg/L, 25 mg/L, 50 mg/L and 100 mg/L of ox-Lp(a) were incubated with HUVEC-12 vascular endothelial cell
line for 24 h, or incubated with HUVEC-12 vascular endothelial cell line with 100 mg/L ox-Lp(a) for 0 h, 6 h, 12 h,
24 h, 48 h respectively. qRT-PCR and Western blot were used to detect TET2 mRNA and protein expression levels. The
expression of hsa-miR-125a-5p was detected by qRT-PCR. The change of TET2 activity was analyzed by detecting Shme
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level. Transwell was used to detect the permeability of monoclonal vascular endothelial cells. Results  Bioinformatic

analysis and luciferase reporter assay showed that TET2 was the target gene of hsa-miR-125a-5p, and the binding energy of
hsa-miR-125a-5p to the 3’ -UTR of TET2 mRNA was low (=30.1 kcal/mol).  The activity of TET2 protein and mRNA
was inhibited by ox-Lp(a) in the dose and time-dependent manner.

100 mg/L and 24 h.

The best reaction dose and time of ox-Lp(a) was
The activity of TET2 was down-regulated by 100 mg/L ox-Lp(a) , while the expression of hsa-miR-
125a-5p was significantly up-regulated, and anti-hsa-miR-125a-5p could reverse it. Ox-Lp(a) significantly increased the
permeability of monolayer endothelial cells, but could be partially reversed by anti-hsa-miR-125a-5p. Conclusion

Ox-Lp(a) inhibited the expression and activity of TET2 and increased the permeability of monolayer vascular endothelial
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cells by up-regulating hsa-miR-125a-5p expression which targeted binding to 3’ -UTR of TET2 mRNA.

PN 7 4t i 43 473 2 B ik o5 A B £E (atherosclerosis
As) FUALAE A ARYT J5 B 7 g BRO R 1) SCBRE BT
REEEH (a) [ lipoprotein(a) ,Lp (a) | f&—F 5K % g
#HH (low density lipoprotein , LDL ) Z5 440U & H T,
Lp(a) BEEEARA5 P B 4 5 S N J D RE SR AL i
Lp(a) WAL X AR E A (a) [ oxidized
lipoprotein(a) ,ox-Lp (a) | JLH AR, Hig | Py Bz 41 it
WFERIRE S 3m R T A B 3 IR 25 1 (oxidized low
density lipoprotein,ox-LDL) ™ | MR b Rz N4 A
F)—Fh 2RI R 284, s T 5 A BeRBE, 5 R T
BRI A e TE—E, BPRLFZEh R E A —
R AR 1, 32 M RE B 2R ) ((desmoglein,
DSG ) AR e 25 H ( desmocollin, DSC) , T AR Y
L3508 )2 P AN ) 4252 ox-Lp () 7T BEIE S #0145
A PN B P L 3 T DA L5 20 I o ) o
P, R IR B2 N B K PN 2 40 B (human umbilical
vein endothelial cell, HUVEC) I DSG1 F1 DSC2 ik, 1
JINEAZE I A PN B A0 5 3 ) (R A AL O AN
HE,

10, 11-%% 15 fif§ 2 (10, 11-translocation enzyme 2,
TET2) &—FMEKH o-i 1% 2 ( a-ketoglutarate , a-KG )
I Fe™ FORUIN4ENE, WP L TET2 BAT R4 i A A
B ARV T RERL R As MIRTT BT &
18 ox-Lp (a) % L% P B2 AN A5 1545 FH 2 75 -5 TET2
A, B ox-Lp(a) SERREIEHE TET2 FRIBHATEE, K
AW ST R TS P B LRk, BIFSE ox-Lp (a) 5
TET2 FHAMNER, T A= YM5 82 0 O ik 5
FEI] 1 miRNA 23T ox-Lp (a) gk miRNA F5AM5E
i AFFEMBEE miRNA TTER 5 % H A ], $o3]—#
RIS ox-Lp (a) F 403 I PN B A ARLER) /NG 7
R ox-Lp (a) B0 M A B AR HEATHTAY 73T HILAR

1 MEFTE

s
HUVEC-12 X & 40 i i o 5 A o 0 J [ 2 B 28

1.1

A8 0 B Trizol 1 B Invitrogen /A ] ;3 % 5K A
& (ReverAidTM First Strand ¢cDNA Synthesis Kit) 1
B Promega /A # ;2XPCR MasterMix, DNA % F &
Marker & B b % KR £ LA AR AE ;514 In-
vitorgen 4 41 /2 5] & B ; 91 Sme $5E E FUA G Shme
5 [ GUAR T B % B Epigentek /A ;30 TET2 % 5%
LA B % [E Santa A7 ; B-actin BALA — G K
R A WAL FI R -G g RN L&
AN Lp(a) W B American Research Products
B ECL b2 ZOE R F & W B i BestBio MU 18 4
W1;BCA % B 4 &0 & X B Hyclone-Pierce /2
B 5 H R 3 O B 1 E R AT A
1.2 £YEEFS T RIBERELIIIE

A hsa-TET2 mRNA 3’ -UTR /75| 2L # %% & Tar-
getscan ( http : //www. targetscan. org/vert _71/) , & Jf
T % B AF Targetscan T A TET2 B ¥ 15 45 4 miR-
NA, 48 5 # miRNA s # F %] A miRDB (http://
www. mirdb. org/miRDB/) # 7% %], A TET2 mRNA
3 -UTR &5 A0 1 % 1 45 & miRNA 8y & o 86 (5 &
% 3 ¥ BiBiserv2 RNAhybrid ( http ://bibiserv.techfak.
uni-bielefeld. de/rnahybrid/) 247, & J&, LK H &
Bt L F 2 4w LB AF TET2 mRNA 3°-UTR 5
MR miRNA % & i 82 £, 4% TET2 mRNA 3°-
UTR JF 7146 N Bl i f pGLA &, HMLF A K & %
R B T A i B KOG R B b E ] BURL 3 K
% mRNA J& 4 5Ot 58 B 69 & 1t
1.3 Lp(a) MELBIEREE

5H XHk[6]#4T, Lp(a) A A& EDTA #y PBS
A 4C T ZEA 72 h, B A PBS K (420 pmol/L
CuSO,) T 37C T4 24 h, H 2| W IR & 2| Bl & %
FeE NI AE, R Lp(a) EL WA, F A PBS
(4 200 wmol/L EDTA) £ 4°C T # AT 24 h, Ik &
Cu® # L &b, F A PBS LT 4°C TEAT 24 h DIk &
EDTA, %52 R JF 3 g 48 e JR o 7 3 o
1.4 #REIEF

HUVEC-12 /1 % % 8 T & 10% f& 2F i 7% &
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DMEM 3 3 # (4 100 kU/L & & % %1 100 kU/L
HMEE),37C . 5%CO, WEFAETHER R, &
2~3 RIATH R EE I B B 4 40l 530 37 8 00 3% %
HEhfg, RAHAKBHNARHFTEZR, X
SEECET 6 h Fo % T B o T 0 R B4 4 e R AR
FEK, RE A E R AT LR,
1.5 XIsaHdE

DA E#E ox-Lp(a) 3 HUVEC-12 1} 48 i, ty
A5 4,45 0 mg/L .25 mg/L .50 mg/L.
100 mg/L % 200 mg/L ox-Lp(a) i & HUVEC-12 1 &
20 M1 24 h;@ox-Lp(a) 4 2 7 [8] i 8 xF HUVEC-12 %
KB e .k 5 4, 100 mg/L ox-Lp(a) 4L 72
HUVEC-12 W 48/ 0 h 6 h 12 h 24 h % 48 h;®#
FEE BRI LB, o 5 4, B X B 41 TET2-WT 3°-
UTR %1 TET2-m 3’ -UTR 4l  hsa-miR-125a-5p+TET2-
WT 3’ -UTR #1 %1 hsa-miR-125a-5p +TET2-m 3’ -UTR
4 ;@ox-Lp(a) xr HUVEC-12 W & 4 5, TET2 7 14 Fn
miR-125a-5p 3k B9 % . 25 40 W 41, B 3 R 4 ox-
Lp(a) 41 ;®anti-miR-125a-5p #t HUVEC-12 % A 48},
TET2 #y 5k 3k Fr il 4 J B2 48 ) 5 40 L4 % 1 o 5
L3 3 4, B xR 41 ox-Lp (a) 417 anti-miR-
125a-5p+ox-Lp(a) 41,
1.6 LB IEEE PCR &l

R A & UL R I 4 S RNA, T E 0D,/
0D, 15, B4 % RNA 2 pl, Al Promega /A 7] i 3%
ek | & B A K cDNA, PCR 473 qPCR Mas-
terMix i 7| & DA % StepOne™ real-time PCR system , #
YEJ7 & M BB UGB F 34T, Bl 400 il A Tkt
4%, 514 JF 7] . GAPDH sense % 5'-TGC CAT CAA
CGA CCC CTT CA-3'; GAPDH antisense ¥ 5'-TGA
CCT TGC CCA CAG CCT TG-3'; TET2 sense # 5'-ACT
CAC CCA TCG CAT ACC TC-3;TET2 antisence } 5'-
TCA GCA TCA TCA GCA TCA CA-3', K5 4 .
94°C &t 5 min;94°C & £ 30 5,55°C 38 K 45 5,35
ANEER B4 T2°CIEW 8 min, ARG TTHLE MW & &
0.5C —MEEE A 55°C 2| 95°C , & M E 42 10 s,
it Ct {2, PL GAPDH 1E 5 W &, f 27 sk it 44
RNA WX kL&,
1.7 miR-125a-5p #&il

& RNA oy 48 B3% BB 9 9 4 ok o 40 e 75
700 ml, # Trizol X 7| %, miRNeasy & 7 £ # B &
/N 2F RNA, RNA # A fif 7 £ -80°C #*, miRNA
J_ 4 Ff# i TagMans microRNA X # 4K 7| &, PCR
J_ i A# | Taq-Mans Universal PCR MasterMix system,

50 ng /N RNA # 4% % B ) By cDNA, 72 X miRNA 7|
4, miRNA # % FoK-FE L5 N5 UGB L 52 2
X EE, B MFRIEE EREEL 3K,
1.8 Western blot #& il

WENF BERIE G ,BCA 0 & A KE,
#% SDS-PAGE %t J ik 7l £ it W B & 8% 9 20 & IK K
5% 45 i, B 3L EAE 10 pL, %2 E 80 mV W ik
30 min, BT # E 120 mV ¥ 7k 4 90 min, 5 & & £
A3k B 8 IR K ES B F OE W9k, PVDF B Y&
= J5 12 #2000 mA 35 fE 2 h, BUH PVDF Ji %
THRAGES P ACHM TR, H O KHWEF AL
— 0, ACHRB AL, BEMEN —F2 h, ik EE A
Tanon K F X KRB RZL T,
1.9 TET2 i&MHEME

WEHR A @M A, IxPBS % 3 K, HF K%
5 min;4%%§éqﬂﬁ§[ﬁiéﬁﬂﬁ 30 min, 1xPBS E% 3
K, 4 K5 min;0.1% Triton X-100 3 £ 10 min; 1 X
PBS ¥Z % 3 K, 4 KX 5 min; 10% i1 % 37°C T #
Lh; T2 B, FBER, £ migEE
BN —,A4CHEAR ;2 K37CTEAE1 h;
IxPBS % 3 Wk, 5K 5 min; 7 o ik & B 0B
i vt G i RN SV R &
H),EEBEH 2 h;BH TRJE, IXPBS Bk 3 K,
4K 5 min; {# F DAPT % 8 4% 30 min, % & 5% &
J& , IxPBS ¥k 3 0k, 4K 5 min, # k& R, #
AR KA E R, A LAy ik B K
K, TRAEEMHETHE, Image-pro plos FEHH 4 3#
R HAT A ST
1.10 BEmE R MEEEED T

S XHR[6]#4T, L 2.5x107/L B9 % i % &
HEF 2| 24 3L Transwell By PET f£ b & /N E H o
100 pL 28 8 5 3% 7, Transwell T % 1 600 plL #)
DMEM #5 3% £ (4 10% f 4 7% ) . 37°C 5% CO,
EABAEIR,EEMETLIAKREATEE R,
Transwell T Z H % F 600 L %Jﬁl/‘%&i‘g‘%%, m Tr-
answell £ % |4 + 100 pL 47 ox-Lp(a) By 4
fER 24 h, A5 T2 B4 E 600 pL T fn & 3 7% &
EEM# E 100 wL 1 g/L # FITC-dextran % ¢ %
BB E — 2t JE, & Transwell T % H 8 R 1K
F 7% 496 1 (EX 492 nm, EM 520 nm) Il & 7%
R R ARE, UKOERE AN ELBFZE KD,
111 SitZES

LI EAL 3K, K SPSS 18.0 1 GraphPad.
Prism.v5.0 2 E A7, 5250 248 DL axs o, /MR AR
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FEH LB R ¢ e, B A AR B B B R A
One-way ANOVA,P<0.05 /7 = R H 4 F&E X,

2 %

2.1 hsa-miR-125a-5p X} TET2 $B[E 1M &£ M1 B2

o

T FHFEL A Targetscan , 7] W5 K B TET2 554

R

A Conserved

& 1. hsa-miR-125a-5p 3T TET2 $B @R £ 9115 BFE S

BB A

Predicted consequential pairing of target region (top)
and miRNA (bottom)

Position 428-434 of TET23'UTR &

hsa-miR-125b-5p 3
Position 428-434 of TET2 3'UTR &’

hsa-miR-4319 3
Position 428-434 of TET2 3 UTR &

hsa-miR-125a-5p 3 AGUGUCCAAUUUCCCAG AGUCCCT
Position 43004306 of TET23' UTR 5’ .. . UUTUGUUCUALAAAT-~UCAGGGATL . .
I I
hsa-miR-125a-5p 3 AGUGUCCAAUUUCCCAGAGUCCCU
Position 4300-4306 of TET2 3' UTR 5" ... UUUUGUUCUAAAAATUCAGGGATL . .
111 I
hsa-miR-125b-5p 3 AGUGUUCAAUCCCAG-—AGUCCC
Position 4300-4306 of TET2 3' UTR 5 ... UUUUGUUCUAAALATTCAGGGA. . .
I
hsa-miR-4319 3 CACCGAKACGAGUCCCT
Position 4389-4395 of TET2 3' UTR 5 ... UARAUAUAUUCUUUG-UCAGGG AU,

hsa-miR-4319 3
Position 4389-4395 of TET2 3' UTR &’

hsa-miR-125a-5p 2

Hgs 5 A e,

+ - GGAAGGCCGUCCATICTCAGGGG. . .
ARNANL
AGUGUUCARUCCCAG AGUCCCT

« + « GGAAGGCCGUCCAUUCUCAGGGG. .

LT
CACCGARACGAGTICCC

.« . GGAAGGCCGUCCATCUCAGGGG. . .
I

[T T
CACCGAAACGAGUCCC

« « « UALBAUAUAUUCUUUGUCAGGGAT. . .

1]

AGUGUCCAAUUUCCCAGAGUCCCU

SF45E A B miRNA 4 hsa-miR-125a-5p ( €] 1A) | hsa-
miR-125a-5p 5 TET2 mRNA 3’ -UTR HIZ5 G070 54 3
ANGES L L 428-434 . 4300-4306 . 4389-4395, ik ik
H hsa-miR-125a-5p VE F % %% miRNA, BiBiserv2 1£
LA WL TET2 mRNA 3°-UTR 5 hsa-miR-
125a-5p Z54 1) F BB T B ( —10 keal/mol) , 4

-30.1 keal/mol (& 1B) ., W] —F Z A Em

+
éIZIAIIFO

B

mfe: -30.1 kcal/mol

AR Targetscan i hsa-miR-125a-5p 5 TET2 mRNA 3’ -UTR F %0 i) P 4%

Figure 1. Bioinformatics analysis of hsa-miR-125a-5p targeting TET2

2.2 miR-125a-5p ¥t TET2 ¥E[E MK IR
HEFHIE

iy hsa-miR-125a-5p mimic BE i By A= Y psi-
CHECK™-2-TET2-WT 3’ -UTR JFhi iy F2 ik K i 2
TR, X 5 A8 B psiCHECK ™ -2-TET2-m 3’ -UTR
R IE T (B 2) ,iX 18] TET2 4 hsa-miR-
125a-5p A4 KL A, hsa-miR-125a-5p 38 i 41 [ 45 &
TET2 mRNA 3’ -UTR i)l 2 AU 8 20 ks () %35
2.3 ox-Lp(a) Xt HUVEC-12 A R 40 TET2 ik F0
AR R
2.3.1 ox-Lp(a)* HUVEC-12 X & 2 e TET2 & &
# 7) & 2 A ox-Lp (a) & 5 & 4 41 = T 4
HUVEC-12 N JZ 40 il TET2 & (4 A1 mRNA )23k,
25 mg/L ox-Lp (a) BB 8 3 A9 I 2 H (P <
0.05) , HLBfi#5 ox-Lp (a) 7 & (30, TET2 78 11 Al
mRNA 1 K35 BT T B, 24 ox-Lp (a) ¥k i ik 5
100 mg/ LI, 3% B HY B #4141 250, 200 mg/L
ox-Lp(a)5 100 mg/L ox-Lp (a) Z [8] JC & 3% 22 5%
(K3),

;\;150'
=
=
£ b
©
Q
(2]
©
a a
S 50
(0]
=
k=l
[0}
0
o
X X
R ¥
“ Cgfb',\Q‘ (o’b"q,\b
<2 Q\'\ ) ,\‘7/&‘5
o™ o qféé\fh @2’;\(7,
A &%q R
& I\ EYV &
&

[ 2. hsa-miR-125a-5p ¥ TET2 % 3¢ & B R ik 7k E B 8210
(n=3) ak P<0.05, 5XF 41 b #¢;b 4 P<0.05, 5 TET2-WT
3’ -UTR 4%,

Figure 2. Effect of hsa-miR-125a-5p on the expression of
TET?2 luciferase(n=3)

2.3.2 ox-Lp(a)*F HUVEC-12 X & %0/, TET2 & A &%
BPEIZCA ox-Lp(a)Xf HUVEC-12 [N Kz 4 i TET2
FEIR YA R] R 85 o B B, 100 mg/L ox-Lp(a) 5
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HUVEC-12 Nz 4i05% 5 0 h 6 h 12 h 24 h 48 h, [
FH AP  TET2 £ A1 mRNA ) 3R 387K 22
TR, BN 6 h B, RPER B 0 A 8O (P<
0.05) , 24 %3k 24 h iF, LI H F KA HI5H , 48 h

6 20
ox-Lp(a)(mg/L S
p(a)(mg/L) 2e1s
0 25 50 100 200 6‘5
. 5510
TET2 pn s s o = é&
B-QCHN s w—— — — _gEO.S
b5
@ 00
o 0 25 50

ox-Lp(a)(mg/L)

& 3. REFIE ox-Lp(a) X HUVEC-12 { X 4056l TET2 RKiX

IR (n=3)

524 h Z[EJC i EZE S (B 4) o BUSZES5 R
100 mg/L ox-Lp(a) F1 24 h 1E R EeAEAE FHHR B A E
JEHHT‘“‘ETJO

o
©

TET2 mRNA
© o o ©
o v M

Relative expression of

100 200 0 25 50 100 200

ox-Lp(a)(mg/L)

a N P<0.05,5 0 mg/L ox-Lp(a) 4 HL#L

Figure 3. Effect of different doses of ox-Lp(a) on TET2 expression in HUVEC-12 endothelial cells(n=3)
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o

Oh 6h 12h 24h 48h
HEPE R

TET2 protein
o
&)

B-aCtin e S S A —

o
o

Relative expression of

Oh 6h

& 4. 100 mg/L ox-Lp(a) {fEAARE R EX HUVEC-12 N B 408 TET2 &i%

PRI O h 4 UL,

12h  24h 48h

% 0.8
5

%< 0.6
s£04
x

S
gho
[

o 00
o

Oh

6h 12h 24h 48h

%M (n=3) a i P<0.05,5 100 mg/L ox-Lp(a)

Figure 4. Effect of 100 mg/L ox-Lp(a) on the expression of TET2 in HUVEC-12 endothelial cells at different times(n=3)

2.3.3 ox-Lp(a) * HUVEC-12 A & %5t TET2 &1
R 100 mg/L ox-Lp(a) 5 HUVEC-12 N ¢
IR 24 h J5, ST REZ L #¢, Shme /K B3 T
[%(P<0.05; 1% 5) , 1568 ox-Lp(a) % TET2 #I% 1A
—E M HIFER

157

e
o
T

5hmc(fold)

0.0
pogicpic] ox-Lp(a)4H

& 5. ox-Lp(a) Xt HUVEC-12 } & 4 fl TET2 i&i%
(n=3) a k) P<0.05, 55X IR b4

Figure 5. Effect of ox-Lp(a) on TET2 activity in HUVEC-
12 endothelial cells(n=3)

sE=AH

2.4 ox-Lp(a)Xf HUVEC-12 A R 488 miR-125a-5p
Ee=0p- A
IR ZE B Z9ESE TET2 4 miR-125a-5p [ #03E

,ox-Lp(a) A NIl TET2 B3k, T W5 ox-Lp(a)
(XA F 5 B miR-125a-5p 4514, L1 100 mg/L
ox-Lp(a) 5 HUVEC-12 N JZ 4107 524 h, K qRT-
PCR il miR-125a-5p fYZRIATKT- 255 A Blox-Lp(a)
B3 1 miR-125a-5p B3 IE (P<0.05; & 6) , HKiA
IR X FREH Y 7 ~ 8 A, PR A, ox-Lp (a) ' 4
TET2 AT iES LR miR-125a-5p F6h4 5%,

—_
o
1

hsa-miR-125a-5p/U6 ncRNA

POEEE]

ox-Lp(a)Z2
[ 6. ox-Lp( a) 1 # HUVEC-12 N FZ 40 ffl miR-125a-5p &)

Fik(n=3)  ay P<0.05, 5X IR LA,
Figure 6. Ox-Lp(a) promotes the expression of miR-125a-
5p in HUVEC-12 endothelial cells(n=3)
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2.5 anti-miR-125a-5p ¥ HUVEC-12 N fZ 48 A TET2

FRIEHF

2.5.1 anti-miR-125a-5p £ 38 TET2 # & ik fo & %
100 mg/L ox-Lp(a) .3 NI TET2 & H AKX

5 15
5
=2 e
8210
=9
TETo - — gs
3&05
f-actin W A ==
@ 0.0
o
qg@%i& @\l& yﬂx @é"%
A° o A
o ,‘\‘7’ \‘&
et
43(\ 0*

[ 7. anti-miR-125a-5p L1l TET2 HREFFE(n=3)

IR, TR BF TET2 A9 36 P 1 & 2% F % (P<0.05) , 1fif
anti-miR-125a-5p Aeiw W X —1E H (P<0.05),
{H 5% RRAEAR L, FL R AE A BR , TET2 25 3Rk
IR B S AT AR T3 R 4H ( P<0.05; 81 7)
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Figure 7. Anti-miR-125a-5p up-regulates TET2 expression and activity (n=3)
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Figure 8. Effect of anti-miR-125a-5p on permeability of HU-

VEC-12 monolayer vascular endothelial cells(n=3)
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