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liferator-activated receptor coactivator la, PGClo)it k&M a9 %m. EA Beh THRELB A%, %
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Andrographolide Inhibits Intestinal Lipid Secretion via Antagonizing
Estrogen-Related Receptor a Activity
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Abstract The aim of this study is to investigate the effect and mechanism of AP (andrographolide), an
ERRa (estrogen-related receptor a, also called ESRRA) inverse agonist, on lipid secretion of small intestine.
Luciferase reporter assay was employed to identify whether AP decreases transcriptional activity of ERRa and
its coactivitor PGCla (peroxisome proliferator-activated receptor coactivator la). To determine if AP suppresses

the promoter activity and gene expression of ERRa target genes Apob (apolipoprotein B) and Mttp (microsomal
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triglyceride transfer protein), promoter reporter activity, real-time quantitative PCR and Western blot were used.

The intracellular lipid droplet content and TG content were determined by fluorescent staining of lipid droplets

and TG (triglyceride) quantification experiments, respectively. Postprandial triglyceride response experiments,

oil red O staining of small intestine and TG content determination were performed to study the effect of AP on

lipid secretion in the small intestine of mice. The results showed that AP decreased promoter expression and

mRNA levels of Apob and Mttp via interfering with transcriptional activity of ERRa/PGCla. Furthermore, AP

increased intracellular lipid droplets, reduced extracellular TG content and blood TG level indicating reduction

of lipids secretion in Caco-2 and small intestine. This finding demonstrated that AP, as an ERRa inverse agonist,

inhibited intestinal lipid secretion and decreased serum TG levels through downregulating the transcriptional ex-

pression of Apob and Mttp.
Keywords
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PO, TERE . RS FARDU . PR R R 2% 5
WAk, I =R AR SR R AL IR, 2 55
IR v I A AN ) Jk o A A A 6 0 I A 1) £ I DR
200, My H vl = B8 (triglycerides, TGs)/K 5
AN T £ i i T T AL R IS DOAR G - B A2 %
TE TR R BUIR BN 93 17, X SR BN oy T
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T T 5 A R 4 B 434K, 1IERH AP2 ERRa)TE fEHS
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15/ BRI 5 I TE TG/K P B 2 BRAR ™ Rtk 3RAT]
W v R BT 53 WA SR B Rl Apob R Mitp ) 3%
i, REBSPRAC IR 1 TGAK -, A Bh T 203 H vl
=REIMAE . AR, 240 SCHRHIE ERRo/Z 5 BE il
LN B Apob R Mup e sk 2 5 /N TR 5t
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1.1.1 %%zt NEREBHREEDRH AR A
w3 16 2 SPFELI) 7/ % CSTBL/GTHER , 73 =%,
T % T o B R B a1 e 1 B R B T B 5L 58 = B
Yoo /N FR R N BRI EA SR, SRR $F 24 °C,
FEHETEIARERG 12 h, o RS, /N BB A
POK o AR BN 58 O 208 i o B R 2 B
RN 5 3 152 A 7 Bt S50 3 P BRD A 25 D 2
B A, #iLHESR 5 N SIAT-IRB-170304-YYS-GUANM-
A0303,

1.1.2 @f%  Caco-2 N4 E s 4y 5 Ryl
WS R VIR IR A B HEK-293TIE H
FF2 B b 4T

1.1.3 ZE2XAANE EERFIAFEM S AP
T B R 5 B AE RN BR A A 5 S (olive
o0il)J | Aladdin’A &] ; Triton WR-1339 [ Sigma-
AldrichA ] ; Compound 29 H ChemPartner /A 7] ;
Trizol AG RNAex Pro Reagentld H X R YA R
/> #]; HiSeript 1T 1st Strand cDNA Synthesis Kitld H
W MEE AR B A7 FR 4 7] 5 2 RealStar Fastg
BHZqPCR TR H GenStar /A & ; RIPAZ RN 4%
PFAR B ARG EWIEH B REVMHEARE
FR A #]; B-actinpii&. DAPIJ H Cell Signaling Tech-
nology /2 7 ; anti-apolipoprotein BHi/&E H Abcam
AN FE]; 245U B T A BT f ) 3 Bb 2 AR A TR
3] 5 R (oleic acid, OA). Y4 O(oil red O)IE H
Sigma’s 7 ; BODIPY 493/503. Lipofectamine 3000
4 B Invitrogen /2 &) 5 H i = B 2 377 &0 B 5
IR ARGIRAH] .

FEAIR AR DR F MR B A I &R 4t
(Promega, E1960). UKi% V) F#l (Leica, CM1950).
1E B 96 AT (Olympus, Olympus BX53). S ¢
JtE & PCRA 4 (Biorad, CFX96). 4 [ Zh ik if %
AR SR R AT B A ), IXFSTPRP-24).

1.2 753k

12,1 #mfedEs  Caco-241 R ATHEK-293 T4 it
I 10% 84 11 1% /8% 5 2 IR A ¥ ) H-DMEM
SEAREIRIE ) F37 °Ch 5% CO,. 100%305JE (140 ff

KRR R
1.22 JIREEHbW=ZBEEALE 7 %

CS57BL/6IHE B BEHL 2 13 % B8 41 (Vehicle) Al 5256 41
(AP ZH), MK S H .. FRIELHEE A,
APZHZE T AP(100 mg/kg), X BRALLA TS5 B I557, 7
SR Zi14K.

SEOSRTAREE12 h, IR Triton WR-1339(500 mglkg),
30 min/E B NI (10 nl/g). WAERE B BN S
0. 1. 2. 3. 4 hif )R I, YeBE i R I A T TGAS I
W J5 S RIALFE /N B, FHPBSIE MM IS, BN«
1.2.3  RAEMER R ME BE AN YN
cDNA I, 314 tH ERRa-LBD 541, Bl J5 43 5
I 77 % B B4R pCM V-BD-vector I, #J%# pCM V-
BD-ERRa-LBD. ¥ ERRaFIPGClaff) 4K NJEcDNA
F By 59 i e 1) 3 A pCMX A pc DN A4 F | #)2
pCMX-ERRaFl pcDNA4-PGCla. L/ I K 41
DNA AR , 31 H HA ERRa N IC 1 Apob.
MupWJE B+ By, B J 5 3 o B B 3804& pGL3-
Basic_I, #J&pGL3-Apob-LucFlpGL3-Mttp-Luc.

HEK-293 T4 el T 96fLARk I, 12 hig, fRl&
FIK 80%H , 4% Lipofectamine 3000%% YL it 7 & i
W AT Y. pFRIRk & &%t : pCMV-BD-ERRa.,
pcNDA4-PGC1afll pFR-LucHt#% 4L | HEK-293T4H
Mo . JE B TR A R 48 pGL3-Apob-LucEl pGL3-
Mittp-Luc 5 pCMX-ERRafl pcNDA4-PGClat % 4.
pRL-TKJi f % e Bl — DM LIR AN S . B
P 6 hiG, el TEmy 4L 1) H-DMEMES 7% 5 3 in 24 4b
H. 24 him, AN, AR TR RN
HSE WA 1) 5 37 A
124 SEEAZEPCR ¥ Caco-24M it T 12
LR b, M6 2k 80%~90% 0, 2 il I
DMSO. C29(10 pmol/L). AP(10. 25. 50 pmol/L)
AbFE24 ho JH Trizol#F2HRNA, [ FERA G RNA KR
B8 cDNA. AREZ 2 5 PCRIR I & (1 6 i 1513
AT 50 2 & PCR.

¥ 1.2 28 5 20 1)/ /N BT S TN & 1 mL
Trizol (B O, Bl JE TRONIT BE (SR S o Je 8220
RS FIR T AR R
1.2.5 Western blot 4 Caco-24H 4T 12504
b, i IC A ik 80%~90%I , 43l il X DMSO.
C29(compound 29)(10 pmol/L). AP(10.25. 50 umol/L)
AbFE24 ho F RIPAZLRRIRICEH , F BCARG&
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25 umol/L). AP(10. 25 umol/L)fHs 755559524 h
F4% PFA#EAT [# 52, FIBODIPY 493/503 3 17 i 175 %
4,10 min. PBS¥EZEBODIPY &, FIDAPIZ:{%3~5 min.
127 BAIITGEERMR  HfCaco-24M sl T12
LR b, HIEE ZE60%), I AOA(400 pmol/L)Ak
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FRIEEIFFINZIAEEE . 24 hJ5E 53 I YSCEE £% 7% S N 40 i
MR IS, FATGARTR) 020 Tl DN e 5 57 25 A 40 i 7Y
TG, FIBCAF G E 8 R . THE =
AN R RS R TR A B N I TG & &

12.8 RO E 1229 EE /NG
4% PFAYR 924 hJa, 30% % Fl it 7K i % /N i
OCTALI 5 7 N—80 °CHElEl, [ J5 vk ) Fr, VI i
JEFEN10 pme VI H FH60% 5 A BRI eSS minja, il
NI OB, 37 °CHt530 min, 60% 57 A BE 41k
1 min. Z&T/KPEE2IRIG, AR IS min, 251K
VEBR2IR, TN %3k BRIAS H gk 431630 s, H kK
KPR 10 mine FHK MR A FIE Ao

129 DEABTGS RN 12279 EER/NR
AN BT S TN & A 500 pLA= 3R /K i 5 0 o, B
JE TEONWTEEA B . 6 000 r/min.4 °CES 0> 15 min)a,
W 137 DA R AR B BE R, A TG &2
/NHWTG, FIBCAR &M E & HiRkE . HHE &
I X RN TGS &

1.2.10 it ot s LAF I Beehr A
ZERINe PAP<0.05F R E R BA G IR X

2 R
2.1 APHIFIERR/PGClafy ¥ 3 5E M i M T iF
Apob. MupB)B=NFiE M

FH T 1 AR K I ERRaf) R T FC 44, BRI ERRa
WA NI L% 52 . ERRafFECAA 25 & 30 (ligand
binding domain, LBD) " IR C-3itk A\ 1 PR~ HIH0E
ZE R4 -2 (activation function-2, AF-2). KARELAAR S
W52 AR AR ELAE FH W e AF-208 e 52 3 Ak T g P sk

TEMRIRE, (HERRa) & H B A RS 153 AF-208 i 2L /7
AbFIEAIR AR, [Al I, ERRa-LBDH AF-202 jig 5
J B3 1 7R A4 ER Roc B 76 9% A e A A7 48 R
REFH S R K T~ PGCla, —# RAEMEAER G
S W KR FERR o) B s pE 121,

pFR-Luc# & B GAL4VR 5 345 & 1) L5 i
1% 75 (upstream activating sequence, UAS)F1% 25
il 25 DR P Rl P BB FRATTR FH 28 L 1 T B L4 A8
%%, ERRo-LBD 5 PGClak LA HAE )5, pCMV-
BD-ERRa-LBD i ¥ 3% 1A [ filt & 2 [ 45 M SRR B,
GAL4 2 I e B 30V, Ja 8l T Rl b =B
RIS . WO RBERIARN 2, RIS MY
R, DGR I TE, DRI TRAT IR FH 2O Z i 15 2R [
ARG RIR I APSR 15 540 ERRa/PGC 1ol 53 % Th
HE o

T SE 7 ERRa-LBDZR A EAAK 1175 6 K il
WG R4, 45 2R, ERRo-LBDAIPGClaf)Hf
HAER R DOC R BRI R IL (B 1), RUIFI R AR
LR R . B S, RGN IR R A
10, 25. 50 umol/LI¥J APALHE 24 h, KIS G
P 220899 (B 1), ¥t APT-Ht ERRoAl PGClaff)+
AR, —ERRofTEETEHIH

T4t ERRoM PGC 1ol A H.AEH v G2~ i
ERRo/PGCloff)#% 375 . ERRax M ot (ERRa
response element, ERRE)[1 3% /7 B 7= W1 2 A B
(51 F E JASPAR%UHE % ), Apob. Mitp A 51 EAFAE
ERRaf 525 ot (B 2BFIE2C) . N T iR APR &
i8IS 5 ERRa/PGC 1o i S 42 AR FH 32 i s v i
JR 43 WA S B L R Apob I Mup it 3t TR &G
Apob. Mutp J3 8 ¥ F B R R B 5 L R R 4t
45 R oK, ERRoFI PGClafE 4l & &0, 2R
Fif 5 14 3 2 1 5 . R W ERRo/PGC o] | Apob.
Mup W JEEFiEME. 46 T ARNEAPAR S, K
PR IE M R IR RV B, 1X 3R B AP R
ERRo/PGClaXt Apob. MttpJa &)1 %% 5 42 E F
(K 2DFE 2E), iiE B APIE L #1# ERRa/PGC 1 aff)#%
SR LT T i Apob. Ml 3 5h T3
2.2 ERRoFETFIAPHIGHIRE B il X BEEE A FRIA

Caco-22KIET N4 B gl g e bz g &,
SRR FE T R A R (1 28 SR AN O B30, Oy T
HE— BB UE APSE 5 521 ApoBFIMTTPII R, FAT]
K FH Caco-24Hiuf Y, JF45F APACEL G , AU 40 A
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1500 =

Relative
Luciferase activity

PGCla -

AP /umol L' -

n=6; *P<0.05, ***P<0.001, 5DMSOZH HL .
n=6; *P<0.05, ***P<0.001 compared with the DMSO group.

pFR-Luc

P
*okok
1 000 -
sk
//

ERRo-LBD -

0 10 25 50

Ell ERRuEEFRHTIAPFIIERRO/PGClafisRIE M
Fig.1 AP affects the transcriptional activity of ERRa/PGCla as a potential ERRa inverse agonist

() mRNARIE [ RIEKF. g5 R TR J7R ok
BN Apob. MttpFJmRNA KBl & AP B 18 K
BRI, & APACEE G ApoBAR Kk T3 kb
(E13). B4k, ERRofF S PEFE B C29 mT BEA N o 73
WL Apob. Mttp] mRNAKF-F1 ApoB4& [
FILAKT(E3). PLEZERE, APSC291F NERR
FEBUA, 0] T8 s SR B R (1) Rk
2.3 ERRWEHFIAPHIEI Caco-240 A AE B AY 733

OAZE—F A FI AR TR , Caco-24H B X
OA, &3 — R fG ARG, TR T TG, B s
TGUMg T A E RN, 80 DU & A 0pk
I EE AN, BRI, OAKLIR S ) Caco-24H i BE i A
PR JEIRFS , Fe i Fiidk & )5 MR oAU A8 A 1) 3 A
R, AP AR TR 53 W BB K] Apob FI Mup I 3R TA
AT RE 2 R AT I ) I IR 3 WA Thae , N T IR AP T
SR I R PR 203 , BRATT I 4 M % SR R I O A &b 7
12 h. BODIPY 493/503 44t 25 iR, 55X fRAAAH L,
22 APACER A0 R N R EOR AR 2 (B14A). I
JIE B SRR 5 I 5T 43 W T e B i B SRR oG, ad i s )
WA TGE &, KL APALEE 5 BB 4h TG/K T 55 35 %
R (E40), BN TG &34 £ (Kl4D). kAl C294b 2
Jo M TR 3 K HACE S 2 (B 4A), BTGRP R
b (E40), BN TGE &% (Bl4D). iR SLiE,
APE C291E AERRoAHHLHA, i) Mg 2 1 14 533k
2.4 APHIH /N7 AR BRRY 733

BOE & o B ANLRIT R DT IR, B e A £ R vl B

RETUIH i (e 34 J /Nl M B 1 140 23 B3, 8] bk >R P
M AT I i = e B R S, Skt — D L AP
XN S5 43 WA T RE 2« T S214 K45 C5TBL/6]
T RHE 5 AP, M R SR RT2A i . 7EVE B HINE
JHIET30 min, J8 IR 5 45 T Triton WR-1339
S BE I Mg RS R B A . SxtIRZH AR B, HE B R
WS 1. 24 3. 4 h, APZLIME o # TG/K T B (K
5A). JNERLGr 2 23 e AE g b R R E
HERL, A OY g IR, AN T X R4, APZH /I
R/ 2R B R & R 8% (K 5B), AP/ 1)
NN TGE B % (K50), W] APHIH] /N g g
SRk BEAk , APAL/NER /N Apob Rl MitpTf)
mRNAZKF TR (ESD), Kkl Egs R0, AP
ApoBFIMTTP[JIA , 31 40 /N g 53 () 53
2z BT, APIE T HEERRo/PGC laff)#s ik M, #1
Il HE IO A DR B IR P e s, 101 g 38 T i 433k, AN
M AR L5 TG/KSF o AP /N P4 i S5 4] 43 A
KXE W E6FTR.

3 1

i ot = M L A R 26 L 9 5 1t P
RS SR RO, 5 MR R 95 A 3 ik 0
0 250 AR e DR % B30l I ) ot R
LA % e 1 E L B e S B0 B T 5, 13k
= AR P A SR R h R R A
T T P A R, T/ 1 A 0
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(B) Apob promoter
—1895 1889 -74 61
t t
TAGGTCA  TGCCCTTTGGACCT
(D) Apob-Luc
100 =
> 80 —
Z
28 60 *
=]
[T ET TS
E
20 -
0
ERRa - + + + +
PGCla - + + + +
AP /pmol' L' = 0 10 25 50

(C) Mittp promoter
-1620 -1612 —41 33
t t
CAAAGGACA  TGACCTTTC
(E) Mttp-Luc
10
8 -
2
2
28 64
=
32
~ 8 4
Q
2
2 —
0
ERRa - o + + -,
PGCla - + + + +
AP /umol' L' = 0 10 25 50

A: ERRoZ BTG F Bl By C: ApobBiMip)a 3T L& HERRERI/RE E; Dy E: ApobBiMup )3 &)1 IR AN &5 HE BH 3 5%, i2 F R 2 ks &
GEOI T APKT R  HE R R, n=6. **P<0.01, ***P<0.001, FDMSO4A HL%.

A: motif logo for ERRa response element; B,C: schematic representations of ERRE located at Apob or Mttp promoter; D,E: effect of AP on expression
of reporters that were driven by Apob or Mttp promoters was analysed using luciferase reporter assay, n=6. ¥**P<0.01, ***P<0.001 compared with the

DMSO group.

E2 APHIHIERR0/PGClaft FHIApobS Mitp B R HN5RIA
Fig.2 AP suppresses expression of Apob or Mttp genes which were modulated by ERRa/PGCla

AR 3= ZE 3 B, BeXs e i /N o - g =4
HEAT A2 I W B AEIA R Ge, M 5 Bk i Jo Fo
1.

AT TR 9 R B L R R G AT 249
ik, 45 R WoR APRE T PLERRaMPGC1atH H 1
F, #0i ERRa/PGC 1ot cid P, 4k T 1 fig i3 7
W IBEFE K] Apob R Mttp 3R ik . #E— B0 78 K Bl
AP/ AN TG & B M BN J5 TG TG/K-, 45
N APEA /NG AR R W AE R . 28 BATIR

AT ST AR B AP W] DLidE ik B8 ) 1] ERRa/PGC 1ok
JIg T3 3 s O B 2 TR 1 B S A AR L SRS iy
WA TR, 500 /) i ot B o i ol AR A o R
AT 5T N APFZMA /N figy IR TR 0 T i 1) AR B2 e O F
WEFC, 9 APRE I 14 A= 40 24 A8 B AL B A0 1 JE
# o

DA KE AR, APTEVRTT IR BBk FE
i A0 1 e g LJRE 25 A 1 1k e s R B H Tz IR
ST AT. A SCHRARAE, AP AT I8 304 i 15 A= Bl 5%
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(B)
DMSO + - - - -
C29 (umol/L) - 10 - - -
AP (umol/L) - - 10 25 50
ApoB-100 —— - = |510 kDa
ApoB-48 P NS SN S PS5O kDa
B-actin | we— sw— — — | 42 kDa

DMSO

C29 (10 pmol/L)
AP (10 pmol/L)
AP (25 pmol/L)
AP (50 pmol/L)

Miup
=== DMSO
155 === (29 (10 umol/L)
. AP (10 pmol/L)
27 == AP (25 pmol/L)
S 10 .. oo ,,, = AP(50umolL)
o
2
5 0.5
[}
[
0—

ApoB-48

A: APELC294b 3 )5, Caco-24H 8 H ApobFI MitpFImRNAZRIE K-, n=6; B: APE{C294 ¥ 5, Caco-241 it - ApoB-48F1 ApoB- 10045 [ 4% Fl i 43
W& R (e ), S5l e B M WA AT 58 1, IR B-actin 2y EAT IR IE (47 1)) *##P<0.01, **##P<0.001, 5 DMSOZ LL#% -
A: mRNA levels of Apob and Mttp in Caco-2 cells incubated in the presence or absence of C29 or AP, n=6; B: Western blot of ApoB-48 and ApoB-100
in Caco-2 cells incubated in the presence or absence of C29 or AP (left panel), bands were quantified by densitometry analysis and normalized to the
B-actin band intensity (right panel). **P<0.01, ***P<0.001 compared with DMSO group.
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Fig.3 AP inhibits expression of lipid secretion-related genes in Caco-2 cells
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A: the lipid droplets distribution of Caco-2 cells incubated in the presence or absence of C29 or AP, lipid droplets were labeled with BODIPY 493/503
(green); B: the normalized mean fluorescence intensity of lipid droplets in Caco-2 cells incubated in the presence or absence of C29 or AP, n=5; C,D:
extracellular TG (C) and intracellular TG (D) contents in Caco-2 cells incubated in the presence or absence of C29 or AP, n=7. *P<0.05, **P<0.01,

*#%P<0.001 compared with DMSO group.
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Fig.4 AP inhibits lipid secretion in Caco-2 cells
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##%P<0.001, 50 hal VehicleZ] HLAL .

A: after 14 days of AP or vehicle intragastric administration, serum TG levels of mice were measured at 0, 1, 2, 3 and 4 h followed by olive oil admin-
istration, n=8; B,C: Oil red O staining (B) and TG contents (C) of small intestines of mice received daily AP or vehicle for 14 days, n=8; D: mRNA
levels of Apob and Mttp in the small intestine of mice received daily AP or vehicle for 14 days, n=8. *P<0.05, **P<0.01, ***P<0.001 compared with
0 h or Vehicle group.
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Fig.5 AP inhibits postprandial lipid secretion in the small intestine of mice

Endoplasmic
reticulum

Apical Enterocyte Basolateral

P L Sz 2 P9 BB 5, n il = ER(triglycerides, TGs) IH[E BEEE (cholesteryl ester, CE)F1 i (phospholipids, PLs)-5 ApoB— 2 # £ 2% pl fif L EE R »
MTTP A i 5 38 21 5L BE RO I A v, 5/ 7L BE SORE T A4 £ R K R A v ln T et AR L BE ORI ek i FH IR L, Z89b 2 R Gt N LYY
a2 G AP FRERRW/PGCIal ¥ iEE, FARApob I Mup )2 127K 1, M A 3 i 5 700 o
Intestinal lipids, such as triglycerides (TGs), cholesteryl ester (CE) and phospholipids (PLs) are packaged into pre-chylomicrons with apolipoprotein
B (ApoB). MTTP mediates the packaging of lipids into pre-chylomicrons, followed by processing and maturation of the pre-chylomicrons in the golgi
apparatus. Mature chylomicrons are then discharged by exocytosis and enter the blood circulation system through the lymphatic system. AP inhibits in-
testinal lipid secretion through decreasing expression of Apob and Mttp via interfering with transcriptional activity of ERRa/PGCl a.
El6 ERRoFEIFIAPIEIT T HApobFIMeupE FE % RHIHI T /INABE B 533k
Fig.6 A model for AP inhibits intestinal lipid secretion by acting as an ERRa inverse agonist
and downregulating the transcription of Apob and Mttp
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