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[ ABSTRACT] Aim To study the regulatory effect of apolipoprotein(a) (Apo(a)) expression in HepG2 cells by
maternal gene 3 (MEG3) and its mechanism. Methods The targeted binding of MEG3 to miR-125a-5p was analyzed
using the luciferase reporter enzyme system. Real-time quantitative PCR (qRT-PCR) was used to detect the expression of
MEG3 in HepG2 cells with high expression of Apo(a) and SMMC7721 cells with low expression of Apo(a); MEG3 was
transfected into HepG2 cells, and expression of Apo(a) and TET2 were detected by Western blot and qRT-PCR. TET2
expression was silenced using small interfering RNA technology. Results MEG3 and hsa-miR-125a-5p could comple-
ment each other.  Systematic analysis of luciferase reporter gene confirmed the presence of MEG3 binding to hsa-miR-
125a-5p. miRNA microarray results showed that the expression level of hsa-miR-125a-5p increased in HepG2 cells,
which was nearly 1.5 times higher than that in the control group. Both HepG2 cells and SMMC7721 cells expression
MEG3, but the expression level of MEG3 in HepG2 cells is significantly lower than SMMC7721. MEG3 transfection inhib-
ited Apo(a) expression. Mechanism study found that, MEG3 downregulated the expression of miR-125a-5p and upregu-
lated TET2 expression; miR-125a-5p mimics reversed the effect of MEG3, but can be reversed by inhibitors of miR-125a-
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5p; TET2 silencing can reverse the downregulation Apo(a) expression effect of MEG3.

Conclusion MEG3 downregu-

lates the expression of Apo(a) in HepG2 cell through miR-125a-5p/TET2 pathway.
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1.1 EEH#

HepG2 40 otk 1 T o & L o 40 B 4 4 it 20
G BB RNA R BUR R T 5 & 2% 2 AR
BRAE R KR A& HF R R AF
& 3 qPCR master mix R & 4 Lk ZHEMBE AR
BRANE & A Apo(a) ELISA RAl &4 EI1E %
EYARAE & TR BN ECL L% &k
A & W T _E ¥ BestBio VU1 4 4 ; Apo(a) £ 41 A
—EATR GG T 4 & Abnova /A F ; B-actin
RIA — AR =5 H W T % E Proteintech
Group /A & ; it 5k ik MEG3 il i & T L ilg F 9L
[ ; Lipofectamine 2000 % F 2% [ Invitrogen /A ]

1.2 MEG3 $3#t

MEG3 #% % 5 £ i | & b 03X 7 30 9 5 #E 4T
(D ERABEBEAL TS LK E R, A A
| mLEE IR i A B R T B, 2 24 AL AR P 4% 8x
10°/ 70 8 55 B 4 Fb 40 ML, 3F Am N 500 L #5950, T
37 C 5%CO, THATHEFR;(2) M 0.4 g RE KT
0.1 kg/L B9 AL vE T TE 2 %, B K in N 60 pl
B T 7 SR AR 1.5 L B8 KA R AT (3) F

BT#E 10~15 min, REZLE MWK (4) T
24 FLAR P KRG S mMNEH TR, A
MERASh G, EEREEZME THUEKE,

1.3 BERAEBBRESH

1# i psi-CHECK2 # 1k ( Promega , Madison, W1,
USA) W2 44 B 4 AL R & MEG3 iUk iy % & &
B 4 4k, A miR-125a-5p # #1447 . miR-125a-
Sp 114 4 2 A P et B (miR-125a-5p B 48 L 7 71 ) %
4 pcDNA3. 1-MEG3 Jf 4 B9 7% % % B # & ( 100
ng) 5 A FEE 293 (HEK293) 4 i 3t # %
Lipofectamine 2000 ( Invitrogen) , 10 ng Renilla % 5t %
Bk A H A E A E, 48 h 5, K&t &
fi ., AR AR ) 3% T B9 9 ] Dual-Luciferase Reporter
Assay System ( Promega , Madison, WI, USA ) | & #
FEEM,

1.4 miR &BHFoH

W3 & B HepG2 4 jg (5 x 107 /L) #r
SMMC7721 48 (5x10° /L) o 2 4, o 4 1%
T EE RNA J&, 3% 5 #5847 miRNA 3 447,

1.5 /NFHE RNA #

HHEKRARTFN BN, BLOW—K, &
BN (4~5)x107 AN/L By 28 g 4 A 2| 24 FUI, &
J& B4 g4 i A £ & 0.5 mL 87 DMEM 3 57 &
Froc i, Y7 24 h W 48 B C A 3k 2| 70% ~90%
F 50 pL 7% 85 DMEM ¥ 3 2 42 A 20 pmol £
siRNA, % 38 4], /m X\ Lipofectamin2000, f 50 pL
T i 7% B9 DMEM # % 1 L Lipofectamin2000 i 7| 3f
A, EIRT 5 ming X BEL TIERMT LG, FH
o B4 9 siRNA Fn Lipofectamin2000 R R AR
A3 B F R T, 1% {# siRNA/Lipofectamin2000 & 4
Wy T A, 49 20 min J& ¥ siRNA/Lipofectamin2000
Z4M100 pL B H AR  BXZER S
MIEFHRMR, T37C CO, ARBFHFET 24~
48 h'7 A B 4
1.6 EBWHEE PCR

Y AL 3 2 R, J Eastep ®  Super & RNA #
BUR | & 48 B HepG2 40 JL & RNA, # I 7 % ™ #
BHRA R ASATRE, RIEME RNA 5,8
Sh ok 6 H I 0D260/0D280 Yy {H 4T 1.8 ~
2.0 18, BELZ0 8 % RNA 2 pl | F % Wi REHE
N E] BB AR B R # A R cDNA, R BLR % 4
T :RNase free dH,0 9.5 wL,5%5XRT Buffer (4 25
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mmol/L Mg”*) 4 pL,dNTP (10 mmol/L each) 2 L,
RNase Inhibitor( 10" U/L) 0.5 uL,Oligo (dT)20 (10
pmol/L) 1 pL, ¥ RNA # # 2 uL, ReverTra Ace 1
pL, B 20 pL, KR 41 :30°C 10 min,42°C 30
min,99°C 5 min,4°C 5 min, R Pi 4 # 5 K5 ming
RAEEF Y — Mot —F§ ¥, H Mty -80C KR #
# . PCR ¥ 3 H qPCR master mix iR 7 & DL &
StepOne™ Real-Time PCR System , # 1£ 77 % ™ #4 #%
BUAFHAT, 5l LA T RIFER, 5D
JF 7 41 . GAPDH _E # 5'-TGCCATCAACGAC-
CCCTTCA-3', T # 5'-TGACCTTGCCCACAGCCTTG-
3';Apo(a) b i# 5'-CAGCACGTTCATTCCAGGGA-3',
T 5'-CACCAGGGACCATTGATGTCA-3' ; MEG3 |t
# 5'-GCTCTACTCCGTGGAAGCAC-3', T W 5'-
CAAACCAGGAAGGAGACGAG-3'; TET2 t jiF 5'-
ACTCACCCATCGCATACCTC-3', T # 5'-TCAGCAT-
CATCAGCATCACA-3', F B4 4n T :94°C 71 & M
5 min;94°C & % 30 s,55°C iR K 45 5,35 MEF; &
L T2CHEMH 8 min, A5 I 4AVE o &, 5 0.5C —
M, N 55C F] 95C , B MM E AL 10 s, Gif
Ct 12, YL GAPDH 1 % 4, B 272434+ & RNA
A REKE,
1.7 miR-125a-5p RiEH

% RNA #8748 BU4% PR 3K 7l & o B 48 1F 00 01 45
AT, vk K 20 B VE 2T 700 mL Qiazol &K 7| %, 3 A
miRNeasy & 7| & # B & /N F RNA, # % RNA #
K480 C# ., miRNA B K 4 FE{# F TagMans
microRNA Reverse Transcription Kit %5 3% 7] & ( Ap-
plied Biosystems by Life Technologies, USA), PCR
f# il Taq-Mans Universal PCR Master Mix system ( Ap-
plied Biosystems by Life Technologies, USA), 50 ng
/N RNA # 4% # B 447 DNA, 7m X miRNA 3| 47, miR-
NA Wi F K FHEKALE A5 U6B ik w7 2| H
HHEE, EL3 K,
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B BERES, 40 pg & H LR,
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By 7 B H ] o B-actin B9 — 0, E 4 C TG A
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P N AR I A AL 4 B AT T F AR [eG 7,
HAZK L EEHEEN 2 h 5 TBST % 3 %
(5% 15 min #% 1 X), H ECL X XH &KX, i
RAGFNEERALWER ENEAMMTKRSL =
By E G R EE-% % KA/ B-actin KEMA,
1.9 GBIt
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10 min; IXPBS % 3%k 3 %X, & X 5 min;10% 737 C
THW L h; 2B, FEE R, A8 EmigE
ELHBEN—H,4 CHERAE;E-_K3TCT
B8 1 h; IxPBS E 3k 3 K, 8K 5 min; i n iz E &
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VNI v 2 W v = D = e k5
EUMEK, FTRAEEMETHAEAHERESE
F, B A Image-pro Plos % 4t 32 # 1 2 A 5 401t
E&
1.10 SZitEDHER
Prm s RF[KA xxs Ko, XA t BB W AT
%77 3, GraphPad Prism 5.1 #1 SPSS17.0 %t it % 4
AT, P<0.05 kT~ = R EA LI FE L,

2 & R

2.1 hsa-miR-125a-5p X} TET2 $EE M EME R
4 1T R BGHIE
2.1.1 hsa-miR-125a-5p & HepG2 #m it ¥ & & &
miR it B AT 45 SR R B, 7E HepG2 21l il 1, hsa-
miR-125a-5p F ik 7K F-FH15 , & 4 B 41 (SMMC7721
i) BT 1.5 5 (£ 1),
2.1.2 MEG3 5 miR-125a-5p % &89 £ 13 B 5 5
M B R R F Bl AR % B AT B2 o i 4 R
T, MEG3 275K &4 1730 bp, 1 1633 ~ 1644
fridt 21 bp ZJA], 55 miR-125a-5p A 8 £ 0 o 5L
(14 4>) B AN, #£78 MEG3 7J 5 miR-125a-5p # w) #4
E(E 1), WA R R, MEG3 5 miR-
125a-5p AEE LS (F 1), M MEG3 125t
RS AR S 3 AR ) 1) 5 2 AR R 3k | 2 P
A MEG3 5 miR-125a-5p 45 &5 HOOGE R E T
R AHFP T 751 52848 LU MEG3 5 miR-125a-5p
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AU G Z B0, MEG3-a IRZM A JFILFSECEZELS GRS K, MEG3-b 1)
NEFFF A AE E AN A 5 O MEG3 5 miR- ARG TRl 5 51 A9 H RS & s, (2 37 35 1Y)
125a-5p 253 % WA K, MEG3-c AR ST B8, i MEG3 55 miR-125a-5p 45 & 52 M A 2 1R
FiF P o0 0 B AN, G o, FO2 ST 5 AL, R XNSEREIE T MEG3 5 miR-125a-5p Z [AlfiE
B MEG3 5 miR-125a-5p &5 A2 R K, g4 i ELs &,

% 1. miR B/ 2 ZEFKR1X miRNA
Table 1. Results of microRNA chip analysis of differentially expressed miRNA

Fold change ForeGround ForeGround-BackGround Normalized
ID Name
2vs 1 1 2 1 2 1 2
10977 hsa-miR-183-5p  2.674174142  346.5 446 176 282.5 0.400911162 1.072106262
10997 hsa-miR-19a-3p 1.653068909 287 273.5 128.5 127.5 0.292710706  0.483870968
147506 hsa-miR-21-5p 2.118401046 1819 2252 1661 2112 3.783599089 8.015180266
10928 hsa-miR-125a-5p  1.478839307  570.5 511 400.5 355.5 0.912300683 1.34914611

TE:“2" 4 HepG2,“1” 2y SMMC7721;“Name” : &1 miRNA (445 “ID” i F 441 ; “ Fold change” :2 ZHARIEAL G35 B2 LA (5 AR o AL K8l A
FLAE L3R ) 3 “ForeGround” ; BN REF Y foreground YG# R ; “ ForeGround-BackGround” : £ 1E J5 FUIEET (55 3 B ; “ Normalized” : microRNA [ 514
Bk 6% BE {8 ; Normalized Data= (F# 5515 50) /AMH, i REMIRE P BDUE EER TS T 50, R Uk A T 4 M PATE AL
M,

ug gguc a

MEG3 5'......gaggggcge-ug  augc  u caa gecac-agggettggeg......3”

FEEE LTI
hsa-miR-125a-5p 3’-ac uacg a guucgug-5’

gu uugu a

38% P<0.05 B IncRNA MEG3

" B mutincRNA-MEG3-a
59% P<0.05 ¥ mutincRNA-MEG3-b
14+ 80% P<0.05 ¥ mutincRNA-MEG3-c
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1. MEG3 5 miR-125a-5p ZEHNR N EEIREIIE MEG3 : tgtgatgeggticcaaageac ; MEG3-a s tgtaatgeggticcaaageac ; MEG3-b ; tgtgatgeg-
gltccaaagaac ; MEG3-c ; latgatgcggliccaaageac, ZL AT HRER/RRAENL 1,
Figure 1. Fluorescent reporter enzyme validation of MEG3 binding to miR-125a-5p

2.2 HepG2 4HAE MEG3 Rk 57 2.3 MEG3 X} HepG2 ZHAA Apo(a) FiLKTFHI M
HepG2 4 Apo(a) i 2215 B R 40 i bk , L2 5 It a] HepG2 AAfLEE Y MEG3 f b 4844, R

221K MEG3 MANTE#E a5 R I 538K Apo(a) H Western blot F1 qRT-PCR $ RA&: M Apo(a) B2
1) SMMC7721 s A0 bR A L3¢, A& MEG3 3K ik RIK G RR I, e  MEG3 J5 , Apo(a) MIEEH &
BERTREA(K?2), mRNA FRk K E TFRE(E 3) .
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Relative MEG3 mRNA expression
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Figure 2. The expression of MEG3 in HepG2 cells
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Figure 3. MEG3 inhibited the expression of Apo(a) in HepG2 cells

Relative miR-125a-5p

expression

o
n

-
[

-
=)

o
o

N
&)
&
o

2.4 MEG3 #%l HepG2 ZHAR Apo(a) RiZBIHLE
2.4.1 MEG3 ¥4 miR-125a-5p # % &, miR-125a-
S5p 1% % MEG3 * Apo(a) &3A & TR, 5+ T A
TET2  MEG3 &3 F i miR-125a-5p ()35 KF-
(l 4), 19 HepG2 4HML MM A miR-125a-5p Y mimics
(R ) |, 45 B % B, MEG3 4] HepG2 i S Apo
(a) FRIXIVEHIBEER 7100 56 (18] 4) JIESE miR-125a-
5p 257 MEG3 ] HepG2 4HAL Apo(a) ik,

miR-125a-5p RE#N ] TET2 B2k, i FH miR-
125a-5p W45 (inhibitor) 7] 3% %% miR-125a-5p %
TET2 FkWmHIEH (K 4) .

expression
=}

Relative Apo(a) mRNA
o
[$)]

0.0
MEG3 Control MEG3

a } P<0.05, 5XF IR LK,

Apo(a) —
B -actin
§ 15
(V]
5 <
S ab z2 12
8510 Ecoog ab
38 S5
<s a (o3} 0.6 a
a 2505 ze
k& 2303
[0) -
o x 00 N y Q T 00
<& 3O ! 20 £ v ) S N
W of W AP « RN 2
RN &
?/6(“’ %X((\
W \\?/6
TET?2 —— — —
B -actin  omm— ——
.% 15 <Z( 1.2
°
5 .09
N2 10 o5
HE g os a
0S 05 be
20 £x 03
S ©
c 00 g oo o Y
§© x© 52 AR
oo o ‘ ’\@6’5 6‘9@%
« Road
&

& 4. MEG3 #1 il miR-125a-5p A3 i% , miR-125a-5p i#i%% MEG3 Xt Apo(a) RixM TEIER, H T8 TET2(n=3) a N P<
0.05, 5% BRA1HL4E ;b o P<0.05,5 MEG3 4l 4%,
Figure 4. MEG3 inhibited the expression of miR-125a-5p, miR-125a-5p reversed the downregulation of Apo(a) expression by
MEG3, and downregulated TET2



CN 43-1262/R  hEBh kAL 2018 4E45 26 4

9 14 893

2.42 MEG3 L HepG2 % e, TET2 #9 % ik , TET2
LI % 4 MEG3 *F Apo(a) & ik % T A/E A %
e MEG3 J&7 , TET2 (A K 3% FE, 16 vE 3
WK ) s /N RNA $RTTER TET2 )5,

o
co
1

Control MEG3 0.6

TET2 W S

expression
(=)
~

B-actn  se— A—

Relative TETZ2 protein
(=)
)

o
=)

Control

5hme

DAPI

Merge

1.5¢
| =
5
AN . o
L > e &
& o7 AV 2cqg
& ¥ & oz
o w
Apo(a) W —— F
o %X 0.5+
20
B-actin A — — O
o
0.0
N
&
Oo(‘ @Q/

& 5. MEG3 1 HepG2 Al TET2 By K i% K&, TET2 B i¥ % MEG3 %t Apo(a) RIZM TIEER (n=3)

0.05, 5%F BEZH HL# ;b i P<0.05, 5 MEG3 4H I,

MEG3 T HepG2 4l Apo ( a) &3k B HI Bl ¥ 5%
(E'5), LI B3R MEG3 i i miR-125a-5p/
TET2 %42 T HepG2 4l Apo(a) ik,

- -
o [$)]
T 1

Relative TET2 mRNA
expression
(=)
o

o
o

A
()
T

red/blue(%)

N
(=]
T

Control MEG3
151
<
=z
T
Ecqof
Gh-
oW
20
<5
_g 505
o
[0}
o
0.0
< & > <
&Q/ OOQ @Q/ &Q/
X X
Q/éb Q/éb
N\ N\
a N P<

Figure 5. MEG3 upregulated the expression and activity of TET2 in HepG2 cells, and TET2 silencing reversed the downregu-

lation of MEG3 on Apo(a) expression
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14¢32.3 - AYEN#E DLK1-MEG3 JE K B, 435 12 4
FEPR A S R 2 A A OE Y IneRNA L, B /1
FRUEL 2 AR 3 R Meg3 R0 FR oA 56 DR 75 41l 26 1K) )82 2
(GU2) i F5 12 5 Y A fRIT iy, MEG3 & [H 4 1%

IncRNA , F7EVF £ 1E & 41 2P 3k, Ho 2k ol 2 ik
SH S 2R G, TR OB PR e R DG AR it
EIREREIE MEG3 % miRNA 45 f4E 1
TUAE miR-9 7E I3 P9 K2 40 0 it A8 26 il B2 AR
AT 7E Meg3-KO /N B A I P e A K R 9
TR FE AR o 9T & B MEG3
1PN AME R, LA PSR V4 A T 2, 3096 miR-
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223 (Y INAE TG N NLRP3 k1% S 4 He 40 g i) 4=
7217, 4875 MEG3 53X Ff miRNA W BFH 4 7] G &
1200 I8 R LE DL

TET2 /2 —F" DNA 2 H 34kl , LA 3l ikooks #
WA R A R R R S AR, B kB, AR Il U
BN AL ] TET2 5142 P K Sh g ns |
X5 TET2 #0i kR FAy kA 5 TET2 i3
TS5 M 0 A6 S 0 UL 200 L ) 43455 3l ok o A T 4k
A R RARSCHE ) Ik, TET2 AT B R Sl bk ok ke
AL T WA A IRABFSE TET2 Mk i s
MEK,

P TET2 (I FARZ (HZ 5 TET2 RKikHE
) miRNA FF0# /0 miR-125a-5p J2& F 113 3k % PR
MYA] R 8 TET2 FRKIKAIE G5 RNA, Al IncRNA /&
miRNA 9 W [ 1 45, A BF 58 1iF 52, MEG3 7] W% Y
miR-125a-5p, H1 T MEG3 %} T miRNA [ 5 45 i 2
YER, T miRNA X257 Apo(a) 3EH AR JHE,
HORAMEFE MEG3 X} Apo (a) H& R 223k 1Y 9 5 AL
= X #E K, hsa-miR-125a-5p 7E HepG2 41 fifl i i %
ik, MEG3 57 & M i, FoAE HepG2 4l il b ik %
ik, TET2 2Nk, 17 HepG2 2l = %35 Apo(a),
Hll hsa-miR-125a-5p 5 Apo (a) fF7E IEAH LR,
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