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HNF4« pathway
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[ ABSTRACT | Aim  To study the effect of momordicin 28 ( MD28) on the expression of apolipoprotein (a) in
HepG2 cells and explore its mechanism. Methods  The cell viability of HepG2 cells treated with MD28 was

determined by MTT assay. MD28 was purified by centrifugation, ultrafiltration, dialysis, cation exchange chromatography
and reversed-phase high performance liquid chromatography. The mRNA and protein expression levels of
apolipoprotein(a) , farnesyl ester X receptor (FXR) and hepatocyte nuclear factor 4o ( HNF4a) were detected by qRT-
PCR and Western blot respectively, qRT-PCR was used to detect the expression level of hsa-miR-23b-3p, and small inter-
fering RNA transfection was used to silence FXR. Results  Compared with the control group, the cell viability of
HepG2 cells treated with MD28 at 0.1, 0.2, 0.4, 0.8 and 1.6 g/L had no significant difference. ~Compared with the con-
trol group, MD28 inhibited apolipoprotein(a) expression in a dose and time dependent manner, the best inhibitory effect
was 1.6 ¢/LL MD28 on 48 h. FXR and hsa-miR-23b-3p expression levels were up-regulated by MD28 while HNF4a was
down-regulated in HepG2 cells, and silencing FXR reversed above-mentioned effect of MD28, silencing hsa-miR-23b-3p
could also reverse the down-regulation effect of MD28 on HNF4a, but had no effect on FXR expression. Conclusion

MD28 inhibits the expression of Apo(a) in HepG2 cells through the FXR/miR-23b-3p/HNF4« pathway, and is expected

to be a candidate for the clinical reduction of lipoprotein(a) .
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REHEH (a) HZEAEE M (a) [ apoliporotein (a) ,
Apo(a) ] FIZRNREE 1 B100 3 33 — X i B i 42 1
B, Heafi %k B AR AR AR K, A0 mg/LE] 1000 mg/L A
5 M HYRE KT 300 mg/L i, X0 1 R G
TSR, R, S AR 1 (a) BA 2 3 Kok
FEREAL I IS FE B R 71 ot R —HIA MR E
(a) AL R B 32 22 R PR APOA 3t A5 42 1,
Mz YA 259 6952 AR /N, /2 Chennamsetty & (2]
FENBE S ZER B E T R B IE B (a) BN AKF
Ik H K, X2 K R IE IR AT NS e R X A2 Ak
(farnesyl ester X receptor, FXR) , 3 44 Hb 4101 il 141
Hi#Z% A ¥ 4a( hepatocyte nuclear factor 4o, HNF4a)
55 APOA :PH R 2+ X3 DR-1 1545 &, M &2
FHH APOA KPR 3Kk, BEARAR 2 H1 (a) L3R K
PIPER. R FXR B M $E APOA JE R A
SRR AR X SO PR AR AR () ML 3R K
HIRORY . FRATTRT BT 9E & BLaL AL =L n) i i FXR/
HNF4o 37240 HepG2 4l Apo(a) BIFEILD 1
JRAE H ( momordicin28, MD28) fig I 1 ABCA1 )3
BT ABCAL 193R3K 5 FXR A %, ey N A
BA PR FXR FRIXATRErE, RIS TR A7 AR d 2ok
A FXR IR m0H Apo(a) FIkiy I AEME, 1LAH,
W BRARER AT L FXR 1 miR-23b-3p 7342 3 A (1)
JAEI A Z A FXR 456 00, PRI 2 7T 5 i
FXR/miR-23b-3p # ] APOA % [H %3k JET
I AR HLAE HepG2 113635 Apo(a) BI4HHERE I
ES AR LA i APOA R SRk fE A, B
Hi it FXR/miR-23b-3p/HNF4a 325230

1 M#EFFEE

11 EERFIFEF

50K #; 7% 4~ F 1 ( % [ Millipore /A & ) ; MTT i,
& (F T LN F ) ; Bractin BAHLA — T, FHARDT
S B AR T H F A . ECL ¥ LKA &
(R X EEAF) ;Apo(a) BILA — LA F 4R =
F( & 7 Abnova A F ) ; FXR %30 A — 0 F #1 %
ZJi(Santa Cruz /A 7 ) ; HNF4a %50 A — A0 F H0
% — #t ( Hyclone-Pierce 2 & ) ; Trizol , # % 3% X 7
& real-time PCR 7 & ( B & TAKARA 2 7 );
Qiazol ( Qiagen /A 7] ) , TagMans microRNA Reverse
Transcription Kit #1 TaqMans Universal PCR Master
Mix system( % [E Applied Biosystems by Life Technol-
ogies) ; N & B % B Cik'™ & 41, X 2H N E &2

Mk, BlE AW T ME (E AR Olympus A ) ;CO,
3 544 (3 & Sheldon /8] ) ; 3 A W ik PR 4 I &
4 ( % B Biorad A 7 ) ;& % % £ PCR (& E
Eppendorf 22 3 ) ; B I8 BR80T % 48 (£ B UVP A
8 GOS7500 A ) ; MK B Ak (HARZFEANT),

1.2 ZHAmEEsE

& A AT 40 B bk HepG2 4 i Fl & DMEM &
PR R FEIATH 5 2 DMEM & #5234 10%
JeF g A 100 kKU/L F-#BE R, mMAERERE
T2 37°C A H 5%CO, W55 4 W55, & M Ik
BEJG AR 24 h B — RIE R 40 BB N T S
JEHAT R S A =5,

1.3 MTT &4 pafFid &

BB MTT X7 &t 81 6 6 B 7 3, o 58 x40
HepG2 40 Jie,, 2 Jif & & B 8 4 5 8 % 20 e B K JE,
B3 Am N 100 pL BEFE T 96 FLAR, 48 A1 48 0 40 5%
£ % 1000 N/ AL (A LA T H PBS ) , BMRE S5
MNEFL,5%C0, 3TCH&, F 4 M2 &4 % LK, 2
Bl AN H# 0.0.1,0.2.0.4.0.8.1.6 32 ¢/L % L&
B,5%C0, 37°CHEE 24 h, & 3. m N\ 20 pL MTT %K
(5¢/L), #&8Fx4h, NOBRAREFRE Fi A
DMSO 150 pL, & T & 3% K £k % 10 min, B A5 (L
F 570 nm WK M F B LR AEAE,

1.4 Western blot #:ll

WHEATBERIEE,BCA 2l 2 R A RE,
#% SDS-PAGE % ik 7l & it W B B 8% t 70 & ik o
5%k 4 fie, B 3L EFE 10 wl, £ 18 E 80 mV H ik
30 min, F 74 E 120 mV ¥ 7k 4 90 min, £ & A F
AL F| B IR R A, F B w Uk, PVDF WY&
5 Ja 1B € W 200 mA #% 2 h, BUH PVDF 28
T HE 445 o, 4°C H L 7, H A 8 &5 A B — 3,
4C AT WL, A AR =475 2 h, % % J& Fl Tanon
FELRERALR
1.5 qRT-PCR #&

1.5.1 Apo(a) .FXR #= HNF4a mRNA #: 7| B
FAEWMO R mpERT 28 M, XA Trizol 3% #
B 40 M % RNA, 550 0 ok 0 U E A/ Ay 1R
HAE, A 1.8~2.0 2 8], #% B3 # TR 7 &
A & RNA # 4 % 4 R cDNA, % % 8 ¢cDNA B
A H-80C -7 & F . PCR ¥ #2341 /¥ 7 . Apo(a)
t sense /¥ 7] & 5'-CTA CCA CGG AAA TGG ACA
GAG T-3', antisense /7 7| 4 5'-GTA ACA CCA AGG
GCG AAT CTC-3';FXR # sense ¥ %] & 5'-CCG ACT
TAT CCT AAT GCG AAA T-3',antisense ¥ 7| ¥y 5'-
CGA TGT CTT CTA CCT CCC TCT AA-3';HNF4a By
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sense J§ 7] 5'-AAA TGT GCA GGT GTT GAC CA-3’,
antisense 7 %] % 5'-CAC GCT CCT CCT GAA GAA
TC-3'; B-actin By sense J§¥ %] 4 5'-AGC GAG CAT
CCC CAA AGT T-3', antisense 7 7| % 5'-GGG CAC
GAA GGC TCA TCA TT-3'; K 5 4 ##.94°C 1 % %
5 min,94°C 30 s,57.7°C 30 s,72°C 30 s, 3t 35 ME
PR, 72°C ZE# 5 min ;35 ANE I G 34T AL oh 4 09 A
M, L GAPDH 18 WAL H , LA 2722 1H . mRNA
Hy A8 X R kK
1.5.2 miR-23b-3p # | & RNA #h#2 B 5 B,
W, kR 48 B VA R AR 700 mL B9 Qiazol K|
Jl miRNeasy X 7| & # B K 8 /N 2 F RNA, t# 7 T
-80°C, miR & # 3k f# F TagMans microRNA
Reverse Transcription Kit, PCR S i {# A TaqMans U-
niversal PCR Master Mix system, 50 ng /) %~F RNA
B 3% o B AMY cDNA, lm X miR 5] 47, miR Y % 5 K
FEIL L N5 UGB I FR A a g, 8 M FAR
B EARELE 3K,
1.6 /NFHE RNA $534

HHAERASRFW A RIATH S, LW
— R, BB EE N (4~5)x10" @ EME 24 7L
b, A 0.5 mL 4 B 4 i v Fn 47 £ & By DMEM 4
MBI A MM 24 h WL A 3K 2 70% ~
90% ., % 50 wL B DMEM 7 i % 3% 5 £ & Jm N 20
pmol FXR siRNA ( 5| 47 J¥ % UL sense 1 5'-GUG
GUA CUC UCC UGO AAU ATT-3', antisense # 5'-
UAU UCC AGG AGA GUA CCA CTT-3"), A8 4 .
4] lipofectamin2000 X 7|, A 50 pL 7 fL i
DMEM 7 # 1 pL lipofectamin2000 i 7| , % % & 47 ,
iR K E 5 min, ¥ B 4 W siRNA A1 Lipo-
fectamin2000 X 71| 3E &, % Z R 47, F I H & 20 min,
DL 7 B% siRNA/lipofectamin2000 & & 4, #
100 pL siRNA/lipofectamin2000 & 4 47 #n 2| & 4 4
RaAn iR W ERRIL T, RE R FE R HREF
W, 4 CO, FRAH T 37CIHEE 24~48 h, #
TR ENHE RN PR,
1.7 FitESHh

X Ji GraphPad Prism 5.1 F2 SPSS 13.0 4 it %
BT T B 5 R, P DL s k7, P<0.05 =
REAZHFEXL,

2 # R

2.1 EREBX HepG2 ATFE RSN
IR E (0.0.1,0.2.0.4.0.8.1.6 3.2 ¢/L)

(R N AL B HepG2 4l IS 24 h, 5 X BE AT Hh 4,
0.1.0.2.0.4.0.8 X 1.6 ¢/L 7% R AL HepG2 Zfif
24 h JEAMEAF IS R 2E R AR H3.2 o/ Ly INEH
i AL HepG2 AHMEAETE % (P<0.05; & 1) . I,
JEEL SRR IR IR BETE 1.6 ¢/L LAWY,

120

Cell viability(%)

0 01 02 04 08 16 32
MD28(g/L)

B 1. ARRESREAX HepG2 FAEFERMNEME(n=
3) a N P<0.05, 5% A (0 o/L ¥ N HAHIA) HAs
Figure 1. Effect of different concentrations of MD28 on
HepG2 cell viability(n=3)

22 EREBEFETEFEMRBIERF HepG2 44
i 12l Apo(a) Rk

FHAS TR BE 47 WA 11.(0,0.1 ,0.2.,0.4.,0.8 J2
1.6 ¢/L) AbF HepG2 4fififd 24 h, L 0.8 ¢/L 77 REE [
AbFE HepG2 48 0 h .6 h 12 h 24 h &% 48 h, X}
BRZHAH H , HepG2 2l Y Apo (a) £5 FH Al mRNA ik
KV Bt vy TG, P Ak B | Ak 3L ] 2 8 T
P INEHWELE 0.2 g/L BRI X Apo(a) &
PR M HIVE A, (AAE 0.4 /L B A R
X} Apo(a) mRNA FRik7K-F 1Y &M 4E M v R
HEFXF Apo(a) Z M mRNA 35 A9 55 R0 i 44
BIHEIAE 1.6 g/L I, ¥ JIKEE FI X Apo (a) 25 Al
mRNA F IR 0 B [ 2O — 3, 24 h R
S RARAMIVE A 48 h(¥ 2)
2.3 EHKEHE LA HepG2 4B FXR 1 miR-23b-3p

FHAS TR B2 937 WA 11.(0,0.1 ,0.2.,0.4.,0.8 J2
1.6 g/L) AL HepG2 41 il 24 h, 5 X% BUZH AH I,
HepG2 4iififd FXR £ 1Al mRNA ik 7K B 7 N
FIVR B T i S T b T3 FXR 2 e AR 1
0.1 g/L B FXR mRNA 7675 R 1M 0.2 ¢/L A
IR TR, MR FA 1.6 o/L I FXR EH M
mRNA iR F i R kK, 1 0.8 o/L 7 N
FIALFE HepG2 ZH I 24 h, miR-23b-3p AYF LK FE4R
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A C E % 151
c
S«
nz
- _ S 1.0
Apote) o) MMM = o
. X~
F-aClin e ——————— Pacln e e—— — — 0505
>3
0 0102 040816 0 6 12 24 48 §<
MD28(g/L) Time(h) s "0 0.1 02 04 08 1.6
B D = MD28(g/L)
15}
S S 14, S 14r
Sc a Sci2f S 12t
B L [ 7=
$§1-0 $§10- @0:1'0_
5a a 8808t %50.8-
8% o5l a 8T 06} $To6}
28" a 2804} 2804}
< S% 00t S%02}
[4] [0} - [0] -
T 0.0 T 0.0 T 0.0
0 01 02 04 08 1.6 0 6 12 24 48 0 6 _12 24 48
MD28(g/L) Time(h) Time(h)

B 2. HREBARREREMERRENEX HepG2 4iE Apo(a) RiZRIRM (n=3) A LB 4359 Ay 2 ) ) k5 T2 140 7
Apo(a) 3 I FRIB MUK ANGE AL, C A D 4351 A 8 IV U S [ )] Apo (a) 35 I 2RIB M LUK I AN GETHEL, E A ) 500 2 v JIVAR 1140
il Apo(a) mRNA FiKM AT, F A KA A VEFIAS [FETEIPIH] Apo(a) mRNA FIXMAHTE, a iy P<0.05, 5% IR (0 /L w7 R H Ab 3
Ha% 0.8 g/L MR LI 0 h 4H) b4,

Figure 2. Effect of MD28 on Apo(a) expression at different concentrations and different times in HepG2 cell(n=3)
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B 3. FNEH LiF HepG2 4HAE FXR 1 miR-23b-3p BJRIE (n=3) A BB AR50 R FRHE FXR 4 1125 00 ok B gt it
&, C A N AR E FXR mRNA KA T E D 3 IR AR #E miR-23b-3p RIBMAHTE . a i P<0.05, 55X IR LK,
Figure 3. MD28 up-regulates the expression of FXR and miR-23b-3p in HepG2 cell(n=3)

2.4 EHINEZEBHF HepG2 A HNF4a BISRIE B PR 1Y) 348 2 B Ak B ] B B 52 A T T [

AR EE R 1 (0,0.1,0.2,0.4 0.8 J¢ 3 H 0.4 o/L # REHIF M BB W HMEEH,
1.6 g/L) &b 38 HepG2 41 ffl 24 h, 5 X} 41 AH [, 1.6 g/L7 )4 % HNF4a 25 19 F1 mRNA 23k 7KF
HepG2 #ififl HNF4o #5 Al mRNA FiAKFREA K e s (&l 4) .



CN 43-1262/R  h Eah kb4 2018 4F5 26 555 1 1Y) 39

A Bs 157 Cs 15r
C e
St S<
\no 0wz
§§1.0 gm‘LO a
HNF4o 0 e e owe o= sa g E
X3 X = a
®Fos e205
[-2CHN  m——— ——— oL O o 0. a
ST BT
0 01 02 0408 16 T 0o 2 00

MD28(g/L)

& 4. F/KNEBME HepG2 A HNF4a 1R i%E(n=3)
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Figure 4. MD28 inhibits the expression of HNF4a in HepG2 cell(n=3)

2.5 Bk FXR #0 miR-23b-3p #%EE NE HXFApo(a)
N HNF4a FRIZHIHPFIVERA

DB FXR J5, 77 NE H X Apo(a) Al HNFda 3
IR HIVE AR 3] T8R4 100 5%, miR-23b-3p 1K
KK TR/ anti-miR-23b-3p JLER miR-23b-
3p J& , W FHXT Apo(a) F1 HNF4a %35 1 400 i /F

FHIFEREAS 2 T 3 i 0 FXR 19 R3R KPR
RABEWE , G5FAESEE VR Hl T FXR/miR-
23b-3p/HNF4a 4240l Apo (a) FYEIE, HUTE
FXR Fl miR-23b-3p Ji7 H BB &R 433180 4% 17 VAR, H A &K
I, I, 35 R X Apo (a) 2235 RO 6 /E FH T fiE
WA EEM Ptz (B 5 Fe) .

A B_ 150 E= Control C S10p

o3 . o

. o .5 % E= VD28 EaMD28+FXRi S g
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HNF4o aar s c— -% e g »
g €

B.acﬁn S —— — 0:< g 0
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& 5. Bk FXR 8% N E A Xf HepG2 A Apo(a) F1 HNFda RiZRINFIER (n=3)

A B 535U ER FXR X HepG2 4l

I8 Apo(a) Fl HNF4a 235 B0 A H 3k B ANGETTH 0TI, C R TTER FXR XF HepG2 4iifd miR-23b-3p FEIK 520, a i P<0.05, 5xF BELH He# ;b

P<0.05, 5% N H A i,

Figure 5. Silencing FXR reverses the inhibitory effect of MD28 on Apo(a) and HNF4« expression in HepG2 cell(n=3)
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Figure 6. Silencing miR-23b-3p reverses the inhibitory effect of MD28 on Apo(a) and HNF4« expression in HepG2 cell(n=3)
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PUS (HASE M (a) K22 APOA L FEH], 259
FEY A AR K, B AT JC BAR A BE AR S 2
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SRR I e B — A 5 A28 ApoB100 mRNA H kb X
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AR, KIS AT TRIEARAR 1 (a) 7K
IKE] 75% 1% Apo(a) i) mRNA FIEE /KA 5%
Wi, 2 R B R BE A ApoB100 AN RT3 G 1L i )
PEFIT) Merki 25 BT T 41X APOA FE KA 2
NEALAF IR 14367 (AS014367) , 45 5 & I AS014367
Al R L /N BRFFE Y Apo(a) B9 mRNA ik
I Apo(a)/REEEH (a) /K-, 1 HXF /N BUHIEF
BRI AR E R, X — S5 R TR
B RFE SEE KT APOA 3[R 635 115 O AT 58 $4
1%, A, IBIR MERZR ( FGF19 FGF21 R =R
FEA K R T AR 4 ] G S KSF- % APOA SE 1A
FsMY R A i C vl TET2 36
ELK1 Ji 3 F 25 AL Apo(a) FIFIE

RESR S SUAZ R AT LA Apo (a) BYZEIA , M4
/N RNA (microRNA , miR ) X 35 K 6 3k () o 2 R B 5
S KA IR $5 30T, Hoal o 45 4 B4R R N Y 37-UTR
5'-UTR B2E [1 4fith DX Al s 400 il 0 68 P 7 2R3
R RE I K F R U AT R, L miR B2 S
5 APOA FEPH 1 2638 45 0% — A>T 0 s iy )
A, T KER A B S RT3 B miR A R A
APOA J: PR 352 AR 225 s R 10 R 428, DR Al A ]
FIE D44t L v 0 4 X R 25 APOA J IR ) 4 5
FRINETE miR, W55 & L, miR-626 AT # W] Apo
(a) mRNA 3'-UTR M % 5% J5 /K F B8 #% APOA
FeP i #3A miR-23b-3p A [ HNF4o 31 761
HNF4a 265K P70 ARRRE i3 B FXR 7B F
miR-23b-3p 27 T A 877 51, i L 17
miR-23b-3p Bk, #H] HNFda A9 257K, T
T APOA B B3Rk BEAMAMEE H (a) 953
WK FXR Fl HNF4a K2 miR-23b-3p A 32
BCA R APOA JE PR 63k 1) B 22+ T o, A HF
FEIE SR FE T 3R —Fh i & A, 54T T 30 0E PR A9 52
B, 25 FUE S N FHAE L H FXR, i FXR fE i
miR-23b-3p Y # ik, H miR-23b-3p 5 HNF4a 3'-
UTR 45 &, M 0 # HNF4a B9 323K, T ik 2>
HNF4a 5 APOA K 5 3 DR-1 7 gl 45 &,
il Apo(a) IFRIE, w5 NS A P I A 0L A IR
i 3 FXR/miR-23b-3p/HNF4a & 240 Apo(a)
M5, T UL B RS, 5 VAR A 2R 80 I PR B
RIEEH (a) LS,
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