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New functional genomics platform for analyzing the effects of
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BHRE? > FHE T i chikokd A % 2% ¢ capillarisin £ § 8%
et % ) capillene % capillin # fﬁd # % TGF-B k Fr4| 3+ m e
FE= (4]) o fFF F o Nk A 2 sk A & 5 genipinc H P Z £
£ % ¢ geniposide & » & R85 {8 St oo fRTIR N SA Y 0 H
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HEr 5y B & 4 U4 g 3 54 0n (43, 44) - 1
RFFIFIHT  FMREFE S RED RS 27, 7 10 oy
FrgPFg el o R AGE AT Y o X REwm R T B Y
P RY T ﬁﬁﬁg;, F] ML *’Fair% 2l L_/r,}%ﬂq’—,\mﬁﬁﬁg »}g 'j}idt—)x,{;ﬁi
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24 FEET BT 5

EAFRAATE w1 (CCL) “Tof ey Hip i 0 5 &%
o B hPUTE {e TR B Ao B P & E K G b P
(48) o CClyenis#Hs#& 1 & § d cytochrome p450 & bigit = = &
? X (trichloromethyl) 2 2 & ® i % p d & (trichloromethyl
peroxy radicals) o iZ#t K p 3 CCl et ¢ 534 HHp chx & 3
Ak Hatsiea Fiky %‘rﬁsﬁ Lo m g g i N TR i R R
EAeFRGRE N ST e R G T Pl Rt (49) o B+ & & HCCl
CELFIFATYP MR IARY AT L AT &R G 0T L
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HBTRL AR 02 (52) o L o fEd RAFE b AR g SO G 0
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f#= (alanine aminotransferase, ALT) ~ % F* * ¥icf% f& "<f= (aspartate
aminotransferase » AST) -~ #& 2#ififs (alkaline phosphatase) % % %
faf i f* (gamma-glutamyl transferase) k& Ki& 73% &% (53-55) %
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T ¢ o APEAr CCly £ a3 AR w822 Jp+g > ¥
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BT LT T2 - o N PR T R My E R
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hybridization) ¥ - izt = 2 JR@ 2 Tt & ds 5 4 ) TR
eI o poav o 223 ~ #+ (noninvasive) ~ TR (real-time) 4 +
PO AR R R A T e ol SRR R PR 2 B 1

Bilde L B " %TR  (micro-computed tomography; micro-CT) + Jj& *
Wy T Ve R R 12 (66) 5 F ik A ¢t 3 (Synchrotron
Infrared) 2 # 7 FFFF A - K 45 T3 K% & £3# &R (ToF-SIMS
Microspectroscopies) ¥ % k &g fg 3mE i B (67) 5 B ki B
(magnetic resonance image; MRI) ¥ & * A gk TRpFR a2l 2 &
e Rt E ARG (68) o iTE K 0 FACRAPE B ATEL F Lk Bk
(bioluminescence imaging; BLI) 2 Ax:& * >4 jp| 2 T & -] B4 FIR >
4 K gcE A L B SR e e (69, 70) 0 ARA AAFRAR 2
LGPy BARE o

2.6 Microarray 4 45 [ cduE =

Microarray 759 d Augenlicht % 2 B c1(71) o & i 4 5§
= % mPe HT-29 ciimRNA & = 5 4000 #& cDNA £ #-#13 cDNA
BEI] B ) St Rl R R o2 AR BN X SRS B2 i
R 1 E.%‘*« P& mRNA > & = st AL 2 7 cDNA #5427 3%
BRI E TS o L AR ANEE > BARAT AR o B
& 23R microarray I 4 » po#e i % S > Ed g L AR S £ i
Schena % (1995) % Shalon % (1996) % E e @ fdfef o)
(Arabidopsis thaliana ).$) 50 8 cDNA | * F & frif 4% F g3 7 (5 >
R P L RB g 4 A2 HATA AR A o)
9 mRNA » & % & &5 § £ 2 2 lisaamine {% 2 ¢ cDNA > & -

H#ied fh cDNA Bt P T Pase st F ko S5 3R &



HAT4 7L Fleniz % > lissamine 0% B oy £ 7 50 & > B2 % 7
BT AR - FR AR - BRREGY L AT B aJE
EAFLARDEN (72) iR s ARBFE  EIARET TP
oA i ™ dmre poirg R FA Rk B o BldefE R Fihe i R %
W R PR T~ de e 2 I Bk A T R (73-76) 0 ¥
e AT R R B 6 B e A B A
o AL EDAR R e B s 025 ¥7(77-84) o P14t > microarray fhPLTs F AR
PRy EE A T o Ty Y AR SRS S
Gk i 7R enTr S HF 0 35 T microarray & A 171 & A7) & en-
BAAT 50 AP RT b b s CAT BRI ST
(bioluminescent imaging-guided transcriptomic) © 2% i i * & F J2 i
AP ETH Y B 0 £ 4% microarray iE {7 gene
ontology ~ pathway % clustering 4 7 » & $k et & Fﬁ e

AR R A i e
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3.1 ##

CCLiftp Poqfr it & 1 £+ 3 ¢ A& (Showa chemical industry
co.ltd) - & FEp Sigma (St. Louis, MO) ° = j¥ % = Sirius redfp
Sigma (St. Louis, MO) ° picric acid P& p Panreac (Panreac, Barcelona,
Spain) © ‘K4 @] % (Silymarin) Fp Sigma (St. Louis, MO) > ¥ /33t &
A’k (GRR) B ¥ E&R20 mg/ml 4 % 2-20C #% 5 o D-Luciferin P A
Xenogen (Hopkinton, MA) > 2 PBSc M F#F ~F Ma ~ * 5 ~ b
e+ L E ¢ Fpk g X F o Genipinft p Wako (Osaka, Japan) -
Lipopolysaccharide (LPS) 2 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide (MTT) F&p Sigma (St. Louis, MO) » I 4 4]
BT FPK 2 BERL T ¥ % (phosphate-buffered saline; PBS) (137 mM
NaCl, 1.4 mM KH,PO,, 4.3 mM Na,HPO,, 2.7 mM KCI, pH 7.2) - ¥ tk#x
£ ;& &l luciferase ~ IL-1p ~ TNF-o~ TGF-B1fra-SMARE p Santa Cruz (Santa
Cruz, CA) % NF-xB p65 Ftp Chemicon (Temecula, CA) -

3.2 NF-xBz FI# 7 B e

FEHTADFERY Eadug L v > < 5 4% NF-«xB/luciferase
2 Elemi R RIEFY 2 AR FPS FRRE 20 RAFEF LA
AT g e LR B 3 LR A PR de e T DG - o end i T
NF-«B/luciferase z& Fl4# 78 82 3 LA de i st > 419 F & fdn
BLEY P fE R AP Y AR N F MG F T gk
% 2 RS o

APE LA NF-«B 4 kg el Pl | & o AR
% §_#- NF-«B response element $& & TATA-BOX _} 7 & 4% 3 A 7]
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$ * e8_luciferase gene 4] 3.1 -

NF-x B
response elements TATA-BOX

B 3.1 47 8 A 712 1R

Luciferase

FE AT {8 0 FIF R A e e 5 (pronuclear
injection) 17 3% > ¥ F|-E B9 s mP2 (oocytes) ¥ o L R-IAPAE A A
BRI 7 NF-xB/luciferase s48 Fli# 7a & o % i B4 47
enZk Flig e B2 e 5k ¥ 4 4R (wild-type) o] R et 73 AR
A1 * B & prid 4y & J& (Polymerase chain reaction; PCR) & {7 #74 /| &
e & %] A F o o PCR O #f % v 31 3 % primer-P
5'-AACTGCATAAGGCTATGAAGAGATACGCCC-3' %  primer-M
5'-TTAAAACCGGGAGGTAGATGAGATGTGACG-3' (62) -

#FLEPPCREFHBMZ AFIEALE #5278 E 150
mg 2.4 % % (luciferin) 1 FE %2 5= V3=~ AL Fldd 7w &R > T A&
451500 B & Y= (isoflurane) & {7 8 pF 1 fe % > H#-28 Flig 78 &L % > 3
7%k G 25 mm4iER ch CCD AP 8o B2 3 98 B2 & H = el if %
v (IVIS Imaging Systems 200 Series, Xenogen Corporation) ® - i& {7
>E M ERE s 47 0 1 * Living Images software (Xenogen) B 24
% {& » H =11 photons/sec/cm’/steradian (photons/sec/cm’/sr) % 77 » %

% 4@ 3.2 -
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Mock  NFKB(+)

3. 2 NF-kB/luciferase & Tl 78 & o 4 & L I 2 B E A&
IVIS200 BB 82 e & o

33 AR E 2 LS

PRFEARFRBFREE LA BT REF - CClLy
FHEIFRAN T S L vk (85) o AP 24 5 A FHE R
o 3k & 8 0 & b (1)mock f,¥ B2 ET b 0.5 ml/kg
B 5 250 123 (2)CCl, % 81 5w 54 0.5 mlkg
10% (v/v) % At o CCly s 3 2= » #4512 5 (3) silymarin
48 > & B PEAEE 64 0.5 ml/kg 10% (v/v) 4 BBl i 0 CCly > & 3% 2

CFEF 2% X AS SERLFRFLY B4 SIS silymarin 200
mg/kg > & % - HF|F 12 1% o

R F IR TRAT R SR E SIS mn] o VPR 30 B A T
7w BINEH A R 6 0 B 5Eg 0 & wE (1) mock e, & YRR
SES05mlkg B W FF 2= FH 8% (2) CCly = % &
B bt 0.5 mlkg 10% (V/V) 7 GfEfi cn CClLy & 3k 2 = » #5548
B Q) FmFgFES 4 FRF -~ (S) %~ (6) f2F > 4B

13



8 i 5t 0.5 mikg 10% (VAv) 73 B fErfi b e CCL & 1 2 =
FES T AF SHRIEMIT FAGHET REBE X AMHE D
FHEF FME >~ *F 3+ 150mgkg * % - 5% 8iF o

34 BN 2 BE P AKEEE AR

#2078 E 150 mg 2-4 k% (luciferin) 12 g i3 84— ;N 4+ »
AFEA M) 0 T A48 1R &% (isoflurane) & {7 Frf% o 2K F]

PEE R E R4 5k ET 25 mm &5 ch CCD A4p 8 fo§ o 55 B
& *# = g ek % (IVIS Imaging Systems 100 Series, Xenogen
Corporation) ® - i& {7 2 &2 M o 47 £ 41* Living Images
software (Xenogen) | %4 % {& - ¥ i 14 photons/sec/cm’/steradian
(photons/sec/cm’/sr) % 7 o

- HEEFET I L RE T D N AT B
WP T AR TR RS S 2P TRR AL AR

WP > H =12 photons/sec % 7T °

35 g AT AT

20 OMRPDFERA R > AP RIFE P AR A L SR
(picric acid) 0.1% (w/v) * &% %= (Sirius red; Sigma, St Louis, MO)

BIFRT o RIS 2R 05% (VIV) S ELRIER > T

il B X ATHPEROR 3 F GE 100%FP R -Kig ks o £ R

BT P s E R o AP * Image-Pro Plus (Media

Cybernetics, Bethesda, MD) =2 it 727X A 2B (4

SiAR) EE o A PELBEREALIFREIRE o I A

E RIS EAE VP S s E

14



B o

3.6 LB ERFRI

- ’?%7 o BUME P Bl R e 3 10% 48 Bt

.'ﬂ>

(phosphatebuffered formalin solution) ¥ = % & {7 H 2 _» Kfs > 112 B3
B oK (saline)ih e > £ M- MBLR T RS 32 o TR B APTRR R A
PR 2 S Soumetr B R Y R A K- 24 ¢ 2 (hematoxylin and
cosin stain; H&E stain) 7% ¢ o 3 7 &7 L K L&t §F 74
(immunohistochemistry stain; IHC) > 7 # L1 = 7 ¥ (xylene) “,fﬁ—%
Moo Rt - kAR RBR ZIFW (99.5% ~ 95% ~ 75% alcohols) i {7
-k 7T % (rehydration) o #& % > #*7 P x0e 23%F % -k (hydrogen
peroxide) ¥ ¥ % b I &b 2ty e ¢ hiE F if % (endogenous
peroxidase) * £ ™ 1% "5 i jie Fv (bovine serum albumin) ¥ * -
g R e B oo R F R E 2 LS50 - ARt 4eC
T 1624 BF o Rt 0 B 11 3% 7 bioting= & Fi48  (biotinylated
secondary antibody) (Zymed Laboratories, South San Francisco, CA) % *
S A e B R NA P FEE PEEZ A £ (avidin-biotin
complex; ABC) =77:&®| v % = L 4245 » 213 £ 14 3,3’-diaminobenzidine
(DAB) %4 o %4 {5 cr vt & 5 BACA ™ & 17 238 -
3.7RNA 3~

#4 e % P RNeasy Mini kit (Qiagen, Valencia, CA) g T4 3 5
F’*E"%‘« e7 total RNA © % 18 £ 1 * Beckman DUS00 4 skt & 3+
(Beckman Coulter, Fullerton, CA) :& {7 total RNA 1% & o & & &0

O.D. & A260/A280 ' & =~ ** 1.8 Rl:&—- # f|* Aglient 2100

15



bioanalyzer (Agilent Technologies, Santa Clara, CA) =iz H total RNA
I o &= RNA integrity number (RIN) & ** 8.0 p& » & &
¢ &~ T it e DNA B 59 2%~ 47 o

3.8 DNA #c*'E7]8 % 4 17

DNA # "t 7| (microarray) § % ~ 17 > /2 4vCheng % 3§ £ ¢ #7if
(86) ° fj it 2 » #-5 ug total RNAF| * MessageAmp' " aRNA kit (Ambion,
Austin, TX) - .54 2 ¢t & (in vitro transcription) 4 2834 £ & &
¥ E 147 RNA (amplified RNA ° f#§ #£aRNA) £ fo & % # 7 Cy5
(Amersham Pharmacia, Piscataway, NJ) i& {7 #& € % aRNA# Cy5 24 | &
T_b oo K HaRNAR 5 F 3 ¥ Rk (target) ° & F 0 I
% g % fv Phalanx = @ #73% ke & F R ¥ & (hybridization
buffer) » #-¥ k4% % ik 14 2 Mouse Whole Genome OneArray ™
(Phalanx Biotech  Group, Hsinchu, Taiwan) & {7 (& & F R
(hybridization) ° *¥50°C™ > (5§ & (overnight) 32 & F K2 (& » %%f
d s ‘?/F e %/—"‘55?#‘5‘ = ‘]?L—‘EE @ e e K R B /;3 /T\ ° a*%-“—?iz-
gp &N ELG e SV 0 40 JF R B Axon 4000 Scanner (Molecular
Devices, Sunnyvale, CA) & {7 ¥ k3% B cn$fFd - FH OB AL
Genepix (Molecular Devices Co., PA) 4~ 17#c %8 (Genepix 4.1 %) & {7
FRBAEEFAT o F - B ELEd Iep R AT R EH SR 4
%R o AU RIE F SR mdr ) D4R & (probe) ARt
(signal-to-noise ratio) /| *% F eBk o i i gL OBy d RAZSS 40
limma packagei# {7 normalization (87) ° §iEnormalized F #%3% | *
Gene Expression Pattern Analysis Suite v3.1 3% 7 8 % £ £ 0 7]
(88) © MM AN ENIE A | EN2B RN FATF >

16



WebGestalt (http://bioinfo.vanderbilt.edu/webgestalt/login.php) % E 4 7
RAFEMB O LB - Vb Ay £ B DR FE Hd TIGR

Multiexperiment Viewer (89) (http://www.tm4.org/index.html) & 7 Fi# &

;9 # & ~ 17 (hierarchical clustering analysis) * )1 E RV P 1% |
F A5 o F o BA R £ R i F 4 H X I Gene Ontology Tree
Machine # . (http:/bioinfo.vanderbilt.edu/gotm/) i& {7 Gene Ontology

(GO)~ #7 > M PH M XA Flar @ Benlw 2 (7 5 # %2 ° Gene
Ontology Tree Machine#_— i f e fe F & * » 121 L F]¥E & (gene set) &
A5 R #H T AL F R (data mining) 1 & (90) o B o A
BiblioSphere Pathway Edition # # (Genomatix Applications,

http://www.genomatix.de/index.html) =4 % 5 £ & A F]2 B en2 3

£% $ it (interaction network) ° BiblioSphere Pathway Edition #k %8 1
TRE AT R AH O EL O 2 fr4F# (literature mining) A FRrfE e
17 frkxd> + (promoter) 5 7|47 REFAF] I 8% g (91) °
FHROEAFERG =

39Ty kT EREMPRYE F K (qPCR)

e * qPCRe1? 3% 2 & cytochrome ¢ oxidase 7 %] (Cox6a2,
Cox7al, and Cox8b) ~ interferon inducible GTPase 1 (ligpl) %
interferon-inducible gene (Ifi202) ¢ % . & - RNA $& & | * High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster
City, CA, USA) 52| p¥ 37°C F #ékinF Judd 3% 2 cDNA - 32 % 4 *
ul 7 cDNA, 2x SYBR Green PCR Master Mix (Applied Biosystems)
%200 nMent %51+ (forward) 82K 35513 (reverse) it 7 H & fiF

FR > FRERLZ 95T 104485 #%95C 1545 > 60C 14 43 40

17



X YT o ik A 724 41 * Applied Biosystems 7300 Real-Time PCR
JARDZ A ATR RSB F R AP ARHCT B 2 R
£ 5 o A 7 % 31 F 40 T ¢ Cox6a2 forward,
5'-CAGAGAAGGACAGTGCCATTC-3'; Cox6a2 reverse,
5'-GAAGAGCCAGCACAAAGGTC-3" Cox7al forward,
5'-CAATGACCTCCCAGTACACTTG-3" Cox7al reverse,
5'-CCAAGCAGTATAAGCAGTAGGC-3' Cox8b forward,
5'-TCCCAAAGCCCATGTCTCTG-3"; Cox8b reverse,
5'-CATCCTGCTGGAACCATGAAG-3'; ligpl forward,
5'-CTTGACATGGTGACTGAGGATG-3'; ligpl reverse,
5'-AGGTGGATAAAGCCCGAATAAC-3; I£i202 forward,
5'-AAGGCTGGTTGATGGAGAG-3'; I£i202 reverse,
5'-GTCAATTCAAAGCAGACAAGTC-3'; glyceraldahyde-3-phosphate
dehydrogenase (GAPDH) forward,

5'-TCACCCACACTGTGCCCATCTATGA-3’; GAPDH reverse,
5'-GAGGAAGAGGATGCGGCAGTGG-3'.

3.10 m*¢ 3% % % Lipopolysaccharide (LPS) g2

¥ 2 HepG2/NF-xB!wm*s tx % 7 NF-kB-responsive elements¥ 5 i¢
luciferase # IR » H A dm b v S BRI E AL £ 2 J*Je (62) > 13
7 10%%> 2 5 75 (Fetal bovine serum) (HyClone, Logan, Utah) §r400
ng/ml i= 7% % % (Geneticin; G418) ¢ Dulbecco’s modified Eagle
medium (DMEM) (Life Technologies, Gaithersburg, MD) *+37°C}: %
i8¢ 8% o #HepG2/NF-kB: & 319634 45 » 24| PFis » #32 % % & 4%

FDMEM#5 35 524 FF > 2R{E L B2 7 bk B SOLPSIE* 16/ PF o

3.11 'm%e 32 % % genipinteJL
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£ 2 % $hHepG2/NF-xB1Z 7 3 10%7%% 4 & i (HyClone, Logan,
Utah) {400 ng/ml£ 7Rk % (Geneticin; G418) Dulbecco’s modified
Eagle’s medium (DMEM) (Life Technologies, Gaithersburg, MD) **
37°C#2 % 48 ¢ #2 %& - #¥-HepG2/NF-xBlim?z 2 % 3t 9634 45 » 24 | pF{s »
£ 2100 ng/ml LPS% 7 e jk & chgenipini® * 24-] pF o

3.12 NF-xB /& [ 8] 38

0 RIREE XLFEBFPFLPSAT € % w2 ¥ NFxB T
HepG2/NF-kBiaJ2 # )k & ALPS » 16/ BF2_ {4 > 12 350 pl Triton lysis
buffer (50 mM Tris-HCI, 1% Triton X-100, 1 mM dithiothreitol, pH 7.8)
% fnPe A R 0 112,000 xgErdE i 0 3 4°CTT s 24 48 o #20 plihim e
% fERE20 ul 4 EFEA (470 uM luciferin, 33.3 mM dithiothreitol, 270
uM coenzyme A, 530 uM ATP, 20 mM Tricine, 1.07 mM (MgCOs3)s,
Mg(OH),, 2.67 mM MgSO,, 0.1 mM EDTA, pH 7.8) & & » f]* 4 % %
(luminometer, FB15, Zylux Corp., Maryville, TN) B €4 £ & > ¥ =1y
relative luciferase unit (RLU) # 7= o & {4 & et 5 2 38 F U LPS a2

fm e E’ﬁRLU",/TT A E LPSEJIE P8 e RLU ©

313 MTT A 452

A0S XF BHE #LPSETE § 4 Mo > HepG2/NF-xBliw
7 Ik R OLPSJZ24-) o {1 % MTTH & & 4732 (L Rliw e 538 5 o
w2 G F (%)t B 2N 5 (BJRLPS 2 fn 2 OD &/ & AJZLPS 2 fm

%2 OD )% 100% ©

3.14 Genipin#* 9 %

ST gl Tl R B S PR R 8 2 R 312 3.2 0 AR5 ER A
19



Tl E B (* B6-8iF %) Mg A 5% 0 & w58g ¢ (1) mockie > i F
P ed? 5 (2) LPSke > "Egid 544 mg/kg® £ <ALPS 5 (3) LPS+4e
genipin 1 mg/kg i » "L 3%3 54 mg/kgH| & (OLPS{s 104 48 » 4% "H "%
1 %tgenipin 1 mg/kg; (4) LPS#4rgenipin 10 mg/kg e > 5 #2:3 544 mg/kg
A E PS8 104 48 0 3 % " %23 Sfgenipin 10 mg/kg ; (5) LPS+e
genipin 100 mg/kg e > "2 %3 544 mg/kg® £ OLPSEE 104 4818 > &
3 rg i3 Bfgenipin 100 mg/kge 514/ PF s 0 A Flig7a B IVISR 82 o
APTHRP SRR Z BRI TR TR A KR B

BRI ERNAF B2 LR n it #4424 o

3.15 i prd it R R LA R

Ao 4 B2 o B L KR % i £ %2 (Enzyme-linked
immunosorbent assay, ELISA) OptEIA™ mouse IL-1P f= TNF-a sets
(Pharmingen, San Diego, CA) & {7IL-1B v TNF-amZ & - & Fl#E 7w
R4 P H 0 R o 34 °CHRBE T > #3000 rpm > Hw 104 48
2 {8 0 BoHE g o moip R = 32200 ule AR AR G~ TR dE Y 1 A4
HEFZREEF B2 &F i *IL-1p8¢ TNF-o ¥ fhifi g &
o R £ 2] B 530 PBS 7 0.05% Tween 207 % {s » 2 biotin
P b oRBfME T FE BISH L A 8 ES 4 FFER £ avidindh
AR T R EY B4 o £ 20.D. 450 nmex T K A 4T o

3.16 33t 449

:%155;%“,,?”11 g;:#g»,\,pauly;mi*a_g B o X A3 e u
ey > 2441 * PASW Statistics (SPSS) #t %4 12 one way ANOVAZ ¥ 1 &
TLSD & {74~ 17§ p value’] 70055 ¥ £ £ o

20



yr® 2%
4.1 NF-kBi#f g sx L F E T 22 2 2
4.1.1 Silymarinf& Z_* *# CCl,;3# & (P FRNF-kB/E 1+
A FE A R EEHE S CCly & silymarin > %4 ¥ > 563%F ~ %8
T~ 123 KA F PGB F U RPINFkBEME » % FHAcE4.1 -
B Mock e ¥t P4z k » CCLi% R F g 3 | R R4 R E - &

\

BHRRR FET (6 ¥ RCCLIRE b - mf 507500 % - F42 -
S CClLE s | BURVERB A 540 KAk p I+
2SR CCL T & - avg M FRNF-«B % it ¥ ¢bsilymarin

BT T 0L E4R G PR AR AT 1 CCl A TR B ONF-kBIE 12 o

4.1.2 Silymarin *% 7% NF-kB /& [ 8232 L 775 m it 2 i o5
2R RIOFR A SR A P 4] Y HRER ¢ frx jak
T APFRC B 05T AR o B - B RGEIEHT AL o
SRR FY k- Ad B b m e PR g 11 (92,03) o &
B AL R R R BRI R e TR (94 - Tl

TR BB SRS T B KRR AR o]

FH A REER RIS DR AIFRER T BRSO
W TR SRR A G ff et B 5 3.8620.54% o B] ¢ CClLE silymarin
‘e Ap gz T osilymarinP? B eee E CClysh o3 i S 3R 5 1t o gt #h
silymarin 222 CClyle Az ™ » T B h &4 d RRP RS > iF
T st iEsilymarini s 8 AR BT R 3B a0t B 5 1.9440.29% 0 7 A
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FTREOM G oo i B X BT o silymarin® it L CCly HoiFg A
Lo

B I AR S F R 0 RINFRBE P TR
sAp B Mo VP * a-SMAFRE B (79757 B end B R ¢ 0 MR PV
AR AL MR G £33 G A (95) o ¥ b A q]* TGF-Bln
Wl R est &4 > TGF-Plarrgat? HFFrEL -
fnre F|F (96) o 4rRl44977 0w & LR EIFECR R AIZF § 4RI
e TGF-BLIH (£ m %8 fro-SMA [ v a2 wmPz o Xm > silymarin
TR G BT R T AR il § m e iR o Bl LA T
silymarinf? 2 :cf v § C L FeFR A o g B % & FH&Er

AL RS hE kR & o - 5 o 2P FI* p6S (NF-«B) $ual

—%

EEAA LR ELS  BRK TS & S E T 3 S

—4

#ad p65SHE M mPe o PR o silymarinf? A T 'F AR pOSfE M im
e g o i B % BT o silymarin® it i i 474 NF-xB ~ TGF-B1 %
a-SMAE A #c L w & i“ B AT 8 T FR At o pb s il B
NF-kB e/ 14 28 vk e iv A Fdg 78 BL b 2038 1) el k80 Bl 14
It Fpt 3 F NF-«kBUE 8 T B 4 020 (0 g TEF0Fih i 2 40 o o
Bl Rz sl e
4.1.3 Silymarin ;5% = VB FIFR A L Fl1 L R BEAL T

A iE— 1 * microarray 4 7 7 silymarin /g f BT F E
]33 > 2 Fg T_silymarin m,‘—’?”rﬁ T% 8 -CCly =228 715 & B3 ¥ Mock
gt > B CCLFEF T 420 BAFI A 430 BAFITAALE2 B
koo @ silymarin L F1FE R Bl 22 CCly fe vt #27 » silymarin a&JZ

2T 6T BATIRLANEN20RA | NEND20R R £ 452
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BAFIF A 65 BATFIT A o8- I > i Rap et JL F3E {7 pathway
A re 78 % (% 4.1) B o7 d silymarin & ¥ :2 % 534 B pathway
(»<0.01) » iz 34 @ pathway % ¢ > F — X0+ & (R SpR T Ap e >

@ ¥ ¢h - i pathway £ wmve 4 GEAROR IR SLEE G M o @

TGF-B 4p B e pathway » ¢ 3% TGF-Bsignaling pathway > TGF-B-induced
apoptosis f= TGF-B-mediated pathway JF”S”ﬁ P & e silymarin 3 35 o

%] % TGF-B1 & TGF-p pathway 733 3 W F 5 i eniE A2 P 3007 (X &
&k 4 pRIT* > A silymarin A ie B A 3 i@ A 37 pathway #

3 BAt e L CCL AT Vi it o o & 1t B ersT ¥ 2 T silymarin
- ETAT S BAFISNAR BEAFB RN EN 40 B
# 42 Bt o7 — LAk silymarin #7F 3 0K FIH & e o 2E o s fore
Foicis Moooa 2P 5 3 AT . & 45 Cox6a2 ~ Cox7a2 fr Cox8b

PR T S BReay M e ol 5% AT o silymarin ¥ scd
CCl s HomFghic - A &8 R AGA T8 wiz 2 e + B3

bl ¥4 IR o

4.1.4 qPCR £ 3u% silymarin 3 ATl AT L BALR

Microarray % % & 77 » 225 ’”j‘\ Rer e fdaifp B oA 7] > @ 3£ Cox6a2,
Cox7al fr Cox8bz F]3% % F|silymarins™ 23 o A fprag— H % T &
PCR k& &5 iz 4t L Flendg & & A2 R - 4r £ 4.3%777 » Cox6a2 ~ Cox7al
frCox8bz ¥l & CClL ke indk Az & 3% % **Mock 2> B 5 4 %]496.21 -
21.364r240.38 % < #A @ > Silymarin 2 4p 2> Mock % > Cox6a2 > Cox7al -
Cox8b#k Flend 2 F A W[ 59845 0.72 > 0.7 » p &% F M CClL¥T

b sk Bl AR silymarin g 4]
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(A)

Week4 Week6 Week8 Week12

Silymarin

(B)

30 oMock #it
uCCl4
2 O Silymarin

HH#

N
o
T

-
o
T

x10° Total flux
>

(5.}
T

Week 4 Week 6 Week 8 Week 12

4.1 o] BUFR W pE A4 NF-xB//4 B4R 3 o A P78 LG
CCly & silymarin> ¥ ¥ & 2 Biy T FF P B o (A) EHWP L ]
s d pFled AR EIihgEd oo R RALRERRE >
> %L photon/sec’ B ¥ & Biwl¥ 3 8E£48 - (B) 2 @it ki
R RSP R A RE T IEE £ REL > 2 mock iR HiH

%57 p<0.001; £ CCly v #* 4 7 p<0.05 » ** 4 = p<0.01 -
24



(A)

- [
< 8 = <
< t o > k] £ " 2
& £ 5 3 3 3 5 E
Mock . 400
- f K s - 300-
cel, &s#y ’g‘\ 5
. '_-4 200
s"ymafin n -
Photon/sec
(B)
18 -
16 - H#iH
14 BN Mock
1 cci
121 @ silymarin
. 101
2 *kk
=z g
=
o
= 6 4
=)
% 4 -
2-
|/ — - -
/]
0- c c =
= s £ &8 g & _&2
@ S ~ i = E =2
7] wn .E
Bl 42 AF|EEEFLR o e F TREDNFB B o AFEAE

8BS CClL & silymarin» 12 3% 1| R {7222 B ¥ @Y -
(A) BFIWRBE > BF Lt d (I ARED capEd o 4 Y
K&k AL R H = 5 photon/sec> Bl P * BaEw| %3 8L 4 (B)
Ry WL R BT R AR A kB TIE £ LBY > wy
mock # ##E o p<0.01, ### 4 1 p<0.001 ; & CCly W #&* 4 1
£<0.05 -
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(A)

Mock CCl, Silymarin

H&E
100X

Sirius
red
40X

(B) o ___;;E_'.:..

45 |

35 |

25 + *%k%

Fibrotic area (%)

15 |

05

Mock CCl4 Silymarin

B43 F1* H&EZ % 1% i€ A9 4 o (A) ‘.‘:_E'_.?%‘S:i,islﬁ-’_%ﬁﬁ &
Flgg 7 o] B CClyfr/ e silymarin » 53 123F fd2 {6 0 -] BB (TR 4
(B34 B2 SR B g F e FHEE (1007) # % B 2% (40
B) G2 - IEBIGYT F8L4F o (B) Hd X E LIRS
BMUCEFTE cFE IS NERLFRB LSRR B RINEE o
FE T BRI L 4T o kb B mock t B4 T p<0.001; 22 CCly
R 25T p<0.001 ¢
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Mock CCl, Silymarin

7.78+1.39

a-SMA

NF-kB

8.33+1.14" (%)

13.2542.36%%

B 44 AR ERE TR o AFEHAE ) RES CCl fo/
silymarin » 353 12 3 AJR {5 0 | B (7R PRIV BT A5 5
™ TGF-Bl ~ a-SMA 3 p65 Fafie i d H ot E L F » T8 74
W2 dp#& (100 B) - p#&EB G+ 5 8 £4F - £%F » =& TGF-PI ~
0-SMA %2 p65 4 ¢ %% o B 5T RMUFMB R Lk R EE L E
BE2MFHE o pENTOELFERELI LT (P28 £45 > F B 3
BALTT) o w2 mock  f##HEE T p<0.001 ; &2 CCly +* f*¥* & 51
p<0.01 > ***% 7 p<0.001 -
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% 4.1 Silymarin #73% ¥ <5 pathway 4 7 °

Pathway p value®
Regulation of cellular process/ cell cycle and death
TGF-p signaling pathway 2.75%107
p53-mediated pathway 0.00171
Tight junction 0.00014
TGF-B-induced apoptosis 0.00261
Adherens junction 0.00494
TGF-B-mediated pathway 0.00976
Metabolism
Urea cycle and metabolism of amino groups 2.49x107
Citrate cycle 2.45x10°°
Arginine and proline metabolism 0.00016
Galactose metabolism 0.00034
Biosynthesis of steroids 0.00049
Glycine, serine and threonine metabolism 0.00070
Glycolysis / Gluconeogenesis 0.00100
Butanoate metabolism 0.00098
Folate biosynthesis 0.00218
Pyruvate metabolism 0.00223
Fatty acid metabolism 0.00273
Bile acid biosynthesis 0.00273
Alanine and aspartate metabolism 0.00442
Glutathione metabolism 0.00544
Starch and sucrose metabolism 0.00601
Glycosaminoglycan degradation 0.00799
Glutamate metabolism 0.00921
Signal tansduction
Adipocytokine signaling pathway 8.26x107
IL6 signaling pathway 0.00016
PPAR signaling pathway 0.00039
Insulin signaling pathway 0.00047
Vitamin D3 signaling pathway 0.00067
RANKL signaling pathway 0.00548
TNF signaling pathway 0.00629
IGF signaling pathway 0.00655
Chemokine signaling pathway 0.00709
EGF signaling pathway 0.00770
PTH/PTHTrP signaling pathway 0.00840

“pvalue ificdp E A1+ WebGestalt % | ,%%’ d  hypergeometric test #7134 & .
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% 4.2 silymarin T 3 CCly #73 % TV FERA FI R LB F g1 -

Gene symbol Description Fold changes”
Actal Actin, alpha 1, skeletal muscle -90.21+0.001
Myll Myosin, light polypeptide 1 -77.05+0.001
Tnni2 Troponin I, skeletal, fast 2 -49.39+0.001
Atp2al ATPase, Ca™ transporting, cardiac muscle, fast twitch 1 -48.46+0.001
Mylpf Myosin light chain, phosphorylatable, fast skeletal muscle -41.90+0.001
Mb Myoglobin -35.39+0.002
Cox6a2 Cytochrome ¢ oxidase, subunit VI a, polypeptide 2 -28.43+0.003
Cox8b Cytochrome c¢ oxidase, subunit VIII b -18.60+0.004
Eno3 Enolase 3, beta muscle -8.17+0.009
Tnntl Troponin T1, skeletal, slow -7.60+0.011
Tnncl Troponin C, cardiac/slow skeletal -7.56+0.010
Cox7al Cytochrome ¢ oxidase, subunit VIIa 1 -6.67+0.015
Eefla2 Eukaryotic translation elongation factor 1 alpha 2 -4.64+0.022
EG433229 Predicted gene, EG433229, transcript variant 7 -4.06+0.016

TR AT S THEHERL (1=3) o
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0¢€

#.4.3 qPCR 4 #7Cox6a2 ~ Cox7al ~ fv Cox8b £ Fl& MALR o

Sample Average Cr of target Average Cyof GAPDH ACt" AACTb Relative to mock
Cox6a2
Mock 35.82+0.40 19.71 £ 0.03 16.11+£040 0.00+£0.40 1.00
CCl, 25.80+0.05 18.64 +0.05 7.16 £0.07 -8.96 +£0.07 496.21
Silymarin 31.17+£0.09 18.36 £ 0.01 12.81 +£0.09 -3.30=+0.09 9.84
Cox7al
Mock 2998 £0.10 19.71 £ 0.03 10.27 £0.11 0.00+0.11 1.00
CCl, 24.49 + 0.04 18.64 +0.05 5.85+0.07 -4.42 +£0.07 21.36
Silymarin 29.10+0 .11 18.36 + 0.01 10.74 £0.11 0.47 £0.11 0.72
Cox8b
Mock 32.81+£0.11 19.71 £ 0.03 13.09+0.12  0.00+£0.12 1.00
CCl, 23.83+0.05 18.64 + 0.05 5.18+£0.07 -7.91 £0.07 240.38
Silymarin 31.97+0.29 18.36 £ 0.01 13.61+£0.29 0.52+0.29 0.70

*The A Cr value is determined by subtracting the average GAPDH Cr value from the average target gene Cr value. The standard deviation of

the difference is calculated from the standard deviations of the target gene and GAPDH.

® The calculation of A A Cr involves subtraction by the A Cr calibrator value. This is a subtraction of an arbitrary constant, so the standard

deviation of A A Ct is the same as the standard deviation of A Cr value.



AT RS CCly & silymarin > &% 4 3F 8 % 81k 4
3B PR R W BINFkBE M > 2% & BArEl4.5 0 TiECClL I s &
Mock e 4 BB A= % » (< BT 3f 5 | BULE T BNF-kBIE 12 o 5 i {23

E 7 0 CClyewg (% B — a7 3 W74 £ ()

46) ~FmFFAE>EH e LHE S FHEFME >~ F fofgF v R
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A E NS kR R o8- BT IR FTSRBIGRE IR PR
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3 2 {53 e P DPFRCCL T HF b ko TR B R KT 0 < F

5 48T 2 PR e ) FEROCL ok 3 SNF-kB i 2 -

422 +F #1453 T G AR NF-kB 6 {227 s § R 1 2 1 el
RO GERIFB R ORI AR R o RS B R iraﬂfﬁ H&E

d frX PE BT AI CH&ET 10 % KA FFH ! T BL 3 A

Bom Xk eBidkedfka ffe e &Y kikse ’—”-igé« IR R o

FBFEIPRHEOERT kX RE LT

**?‘F
%
¥
It
8
F_L
i
3

EP RS 08T A CCLE TR 6 ff a0t b 4

34340.1% - 2 CCllep ez & » "FERBRE L R &~ 5 25
1.58+0.08% % ¥5+ 2. 5 0.92+0.05% & 7 B¢ F ™ % o i B R Ao 0 =

T U T A MF AL R FRAR Rt (B47) o
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423 33 1 & it & 4~ genipin FLIF & 3k

KT RS S CCly & genipin > & %4 TP 40
genipin, ® I % 8F FiF 4 3 kR P W BINFxBE M %% & RAcH
4.8 o FiECClLdZ {5 82 Mock ‘e ¥ peAs & » P8g ¥ b 3 /] R
3 ePNF-kB/#E 4 o @ genipine= BER 4 % 51~ 10 ~ 100 mg/kg > £
¢ 1210 mg/kg FFITECS LB L 2k o F o100 me/kg A iRk
BRiEF 0 Vo WRFZ M o 0 5% Ko7 Genipin T Y A- TeE|E

T % 910 mg/kg ot BAER @& T % CCL AT 3 SINF-kBIE 14 o
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(A)

. Artemisiae A i
Yin-chen- o Rhei Gardeniae
Mock CCl4 capillari .
hao tang . rhizoma Sfructus
spica

Week 4

Week 8

(B)

3.50E+07 ~ ———

m week 8
3.00E+07

2.50E+07

/sec)

2.00E+07

OtOI'IS

{ph

1.50E+07

1.00E+07

Total flux

5.00E+06

0.00E+00

Mock ca4 Yin-chen-hao Artemisiae Rheirhizoma Gardeniae
tang capillari fructus
spica

45 FHRE B ARITS ) BERE NF-xB /4 ko fiy o A Fli s B
BPF CClL v FpMmFFr e E 3,72 AL BhHIETARE-
(A) ERE G BE Y es d ke d A KEF Ddgpd > A w
kit k43R H =% photon/sec’ Bl® # Blws 3 SE£4 - (B)
SERGL R ENTRAFB o AR E N TI0E £ FEL - pud

mock ik, ###4 5+ p<0.001 ; &2 CCly vt #2*¥%& 7 p<0.05 > ** 4 7

p<0.01 -
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(A)

Brain Heart Lung Liver Spleen  Kidney

E

Mock
Yin-chen-
hao tang
Artemisiae
capillari spica ‘

Q0L

Rhei rhizoma

slelslsl=ls
IHIIIH
IIHI@I
ELED Eo
ESC0ERE

Gardeniae
Sfructus
(B)
7.00E+06
B Mock
6.00E+06 | mccla
M Yin chen hao tang
- 5.00E+06 - L] Arte-mlflae capillari spica
Q o Rhei rhizoma
% M Gardeniae fructus
£ 4.00E+06 -
<
=5
5 3.00E406 -
=
z
F 2.00E+06 -
1.00E+06 -
0.00E+00 ==~ i ‘

Brain Heart Lung Liver Spleen Kidney

4.6 AFHEAE RIS FMEFLEF THRSDNFB EE o AT
RS EHET CCly v g B2 B8 »8 iF{s/] RiEFf2
BEBFORE - (A) BEINWRBE > FFLaubd k38 d 5L
Efiapgad o s uiN AL LA SR R 0 H 5 photon/sec 0 B¢ #
fBew*4 5 €4 B) BE Bl LBz B A H o4 ki@
FrafE + BB F > ®mw¥ mock Wk ##HA T p<0.001 ; ¥ CCly

Ebgi 0 ¥4 5r p<0.05 > ** 4 57 p<0.01 » *** % 75 p<0.001 -
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99

Artemisiae
Mock CClL, Yin-chen-hao tang Rhei rhizome Gardeniae fructus
capillari spica

H&E

Sirius red

stain

0.49+0.05 3.43+0.1%%% 1.94+0.06" 3.38+0.07% 1.58+0.08% 0.9240.05% """

Bl 4.7 "F%41* H&E 2 = j3 & t‘lﬁ-f—ﬁi‘%‘;%; o bl REEie b ’&Jﬂﬁfﬁ R3S CCL8 F M3 Fz2 HeAH
S B 8 WAL o ] B AR POTE SERES Y o R e H&E (100 8) A% R A (408) &
W2 dpdE o pERRY F SEAH o ARY A REECHFPRFAMVEFTERFEAFAERT o E S ugal R
(B dk) ek 23T o 5% U THEHEE Y £ 7 o W2 mock iR #HE T p<0.001 ; 22 CCly vt g**
Z 5% p<0.01 » ***4 7 p<0.001 -



(A)

Genipin

3.50E+07 -

3.00E+07 -

2.50E+07 -

2.00E+07 -

1.50E+07 -

*%

Total flux {(photons/sec)

1.00E+07 -

5.00E+06 -

0.00E+00
1mg/kg 10mg/kg 100mg/kg

B 4.8 Genipin f ] EVF L 50 ¢ JE 88 NF-kB /4 % el o A Fliw
BUGEH A CCly fo/2¢ 1~10~ 100 mg/kg 0 geinpin» & ¥ & % 8 iF

e (A) BHE G RE b d ke d s EDappd »
A\Valjil«%\/;"l:%\lﬁ_,%é)i,ﬁf thhoton/seC’@‘:l __Vv'JLb’ﬁ 52&(_‘

(B) 2 ¥ Hift L EHT R AP B BN TI0F + FBL

‘%] # mock i > #HA 7 p<0.001 5 87 CCly &% 4 77 p<0.01 -
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4.3 GenipinFvg & & 47
4.3.1 Genipin %% *} (in vitro) =¥} (in vivo) B FFNF-kB#E -

& 7 & 7% genipin¥t LPS #7343 chNF-kB/E {2 enf 58 > 2 i g 4
#LPSHr# Fe k& & fhgenipinid? 7| HepG2/NF-xBen€ ‘e fm®e » LPS{%
P Ag3E % NF-«Beii 125 1.8% > @ genipindg ¥ #r4|NF-kBes 14 &
HEF E(B4.9) > @ 7 Agenipin/aJLiEfE Y T m BRI w2 3 4 i
i & % Bgor 0 genipin A8 HF SR AR F T P INF-kBeE 2 o

BF AP LPSE 7 kA dhgenipinkJL 7| L F] & > & ¥
ad] PFISET P ENF-xBE 1 4o Bl4.10% 75T o v iz R e d2 LPS 2

LPSie & "E 3R T 388 38 ) e0id Sk op B B 4e 14,75 - 2Rm > genipin %8
TR E A LPSHTH B s ko drdank B O AEEF B (1
104-100 mg/kg) - ¥ &% & o1 > genipin %4 p #rd] 7 NF-xBiE ¢ >
Flpt A ER 0 100 megkgieBEREF L B H @ B o d AP
AmF Y e SHEPNF-kB# 8 a2 Lk K7 7 M %o oL

Bh%s BT o genipin RPN FrA] 0 EHELBF AR R -

4.3.2 Genipin 2 A FIE AL L B R FHRE NF«B iE 1L

M- HIEFFF IR OB R ¥ 1R genipinghi & 1F
PAROET o AeBALLAT o B R H R AIELPS A Tl S L B
BFA LRV HRBER A IR -NE T Z)HEEF L
ko B P AR e A o @ AL B4R genipints 0 i v LB PFURE TR
sILPS #7134 8 /4 Jo“brf P AR T ORE o VPR Igenipin P~ oS BRSO
BETRT LABARAAREFALR o Ft > AP EF ¥ cytokine
ELISA~ .4 e F 4 ¢ 27447 8- HAPEI L B 0D
RNA4| * DNA microarray 4 7 genipinsi it * L F] o
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4.3.3. Genipin #r#/IL-1p 4= TNF-0% 3R

IL-1BfeTNF-0 8 & 138 L F peniwie F]5 > X £ g 4 &7 B4
Efad U EREHOF LF K (97) o APiE- 4 | * ELISAfr
éLJi.f‘:.E'_,?j%‘% it 54 ¢ o 7IL-1Bf-TNF-0 11 % #E genipin&_7F Fr4] > & |4
W F e dcBl4.12%7 > ELISAA 4758 % > LPS a7/ ] Bl o ‘))ai ® IL-1P
FeTNF-ae1k & 4 5] 5 969 + 47 pg/mlfe339 £ 25 pg/ml > #X @ > genipin
i S 2 (X7 IL-1BfrTNF-as 4 I E - 4] * IL-1Bf-TNF-adudd i& {7
AL R AT > BmockmApt 0 ALPSESMEY § 42
#ad PIL-1p TNF-oiE fimfe > @ ¥ G LPSketr ¢ ® it b|357 &
FH A (Bl4.13) o &A@ o genipinizt F F IL-1B{-TNF-0/% £ % vt
PR F T o 70 Genipin 2 RIL-1B{e TNF-a it - fr B F £ I E 38
3 PR TR 2% % Aot o genipin € 35 B v cytokinesh A 4 &

TIBIFE R o

4.3.4 Microarray 4 #7 genipini} 337 ¢4 F] & JL Bl 3#

Microarray 4 % £ 4] * Gene Expression Pattern Analysis Suite
V3.1 3BT 47 %~ BRI TR D LPSHe/ & genipin kR {8 B
7 £ R A FIA IR% L o femicroarray + 112> 3830968 B A F] ¢ > 2 LPS
% % LPS/Genipine3 79B A FIE G L B nB F L o AP { 2-
# 4] * WebGestalt 1 & #-ig it L FJiE 7 2 & > T 2 G A 17 E T
genipin iz B ¢ himie 4 3L f 1 T o Gene ontology s %
(GO categories) " & E v e 71 °m BAFE HpiE] %:‘O.OITI&g
R L GO Y & 2 o o4 1457 0 A WP SR F LR L B oh
B FIBF AR LA AP M (immunity-related) sHGO#E WAL > b 4ofifn 2

= % pufr & IR (antigen processing and presentation) -~ Blwm¥z & it 33}
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S 20 DERE VP TS XL UREE I ST S
s -

T A FF R B o AP - 9 4] % TIGR Multiexperiment
Viewer it {7hierarchical clustering4 47 o 4 Bl4.15%77% » § A& eE_» j&_
B¢ BRI A BE P XLPSHT R I ehA F] > DAt genipin &
v e % B Bl T & Iﬁ»’%ﬁLPS L5 14 > @ genipinf| T 2 1 LPS
A E AR FIA IR o B3 5B AT > ¢ #2Endothelial-specific receptor
tyrosine kinase - Notch-regulated ankyrin repeat protein (Nrarp) -~
SH3-binding kinase 1 ~ Sucrose nonfermenting protein (SNF) -related
kinase 14 % Lysosomal-associated protein transmembrane 5 (LAPTMS)
AT & d LPS#T™ # > @ geinpinis 1 7 iz £ LPSH#r4] &L 14
Moo LREEFLEAATY > A g 2 A2 - AR
chemokine ligand ~ chemokine receptor{rIFN-induced protein #] o iz
B 2% % B ot o genipint® 1 Frd] 3 2 F A LPS#734 % cichemokine ligand -
chemokine receptorfrIFN-induced protein °

pipk 2 IRE 5 A F L Rl F] o A s Genomatix Applications#ic
B2 FHREA40 AT AT dp 3 BB R o B FIR B B R 249
#7 Genomatix Knowledge Base» /2 2 DNA ¥z # + (promoter) & 7|4
17 o 3 ABDE > < FHA F]oNE 42 NF-kBX * UNF-kB5 - B 7
e B (network) (F14.16) o igdt g % BEom 0 NF-kB¥ it #%
% genipini? #7725 Flnetwork#2 ¢0i & £ 4 o

4.3.5 1% qPCR % genipin 747 # #x & Flehd R
Microarray » 17 5% % 871 » 3 = A2 - 3 A B L h A FH

chemokine ligand ~ chemokine receptor% IFN-induced protein*z ¥ er77k

39



F] o F)p AP F A gPCR 04 9 4o U B FEmicroarray e % o AN
F1* qQPCR#-IFN-induced protein &*%F A Fli2 7 2 € » 47 > ¢ 3
ligpl fr Ifi202 2 F]e F] 5 iz 28 Flehd R 2N 7 cfiNetwork 4 1742 &
7 € B4R DINF-xkB# 457 o 40 £ 44977 > B mockie4p vt &7 > LPS
2eh Tigpl v Ifi202 & F1 % RAZE A % 5 6,621 % 55415 » @ » LPS
B eligpl v I£i202 A F] & LPS/genipin e 4% T 34 17 o ¥ mock 24P
W #1 T > LPS/genipin e fligpl fr 1fi202 A F]4 W] 55171 % 28331 o

qPCR¥ microarray 4 17 eP#icg — R > 3545 % & 77 genipin € T 34 LPS*r
% o0 Tigpl fr Ifi20228 F14& 3R o
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E ==
[*} ~~
® 2 - 4 80 =X
= qL S
:‘ 3 * % g
Zz 15 Fkk 1 60 2
P E =
> ‘I‘ + =
% EX T =
g 1+ *%% | 40 8
0S5 1 20
0 0
LPS -  + + + + + 4+ + + +
Genipin (uM) — — 1 S 10 25 50 75 100 200

Bl 4.9 Genipin #r#]| HepG2 ‘m* NF-xB e o & 3 NF-xB/luc 7
HepG2 £ % %212 100 ng/ml LPS % # F )k & &1 genipin &J2 »

37C & 24 [ PRS2 W1 ¥ 5 KRB T4 L EHE MTT 28 PF
e L% o £ EEBA I NF-kB 2 Ml o 1+ & St B 4 7
e 3 EE o Hix%& 7 0 P B solvent F ot it B 3 S F o
PTEEE Y 2 AT ELRE L AT o ¥ mock B i #HiR

7 p<0.001 ; 22 LPS %1t fi > **4 7 p<0.01 » ***4 7 p<0.001 o
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photon/sec

&
=

&
S

g
S

200

100

Total flux (x10° photo/sec)

LPS — + +
Genipin (mg/kg) — — 1 10 100

B14.10 GenipinFr| & Flig 78 ENF-xBes 1+ o #-LPS (4 mgkg) %

genipin 21 ~ 10 ~ 100 mg/kger@| & Ly 642 V84 o BUEES]

"
{Q.
-E\\

-
NN

PV B SV A D-luciferin » 54 482 (88 (7 F s 47 o b
3BT AWM EE ) RE s d AT KK ED pgEd
&4k AL B o H = % photon/sec Bl ¢ F B B 5 SEAF o
PERGA R ENTENTR AR ENTIEE + L > Zmock

Eot oo #47 p<0.05 ;5 BLPS #& *4 5 p<0.05, ** 4 57 p<0.01 -
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Liver Spleen Kidney

Mock
LPS
LPS/
Genipin
00~
OMock
SLPS 1N
. 80 - ELPS/Genipin §§
o 60 - §
S| .
g w0 .
E . \
- \
20 §
0 ] N\

Brain Heart Lung Liver Spleen Kidney

Bl4.11 NF-kBiEftot B 7 B3 1 sk 3 o #LPS (4 meke)fe/
Genipin 2 100 mg/kged| £ "E Vi1 842 V85 oo BG4 PF2 18

PEAEE B2 SV A S D-luciferin s 54 482 18 ] BUP-E RSB R BB

~m
=5
F“

BEEG AT o F Bt 584 PR ke BE LT hz
AT SRR AT Bk upHA kR R AT 0 T 2R mock
BARELAE LR ETIEE £ X > Brmock e R0 #HHH

% 77 p<0.001 ; B2LPSt fia** £ 51 p<0.01 -
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1200 -

mmm Mock

—3 LPS HitH
1000 - B [LPS/Genipin T
E
)
&
kS 800 - L
g ~ —
S 400 - #i
= T
)
Q

200 i
0 — I == I
TNF-a. IL-1B

B14.12 Genipind# $|LPS#% % IL-1p4-TNF-a & % &>c % - ¥LPS (4
mg/kg) Fv/2 Genipin 12100 mg/kgerd#| £ VL &7 VS 0 2 15
A4 * ELISA T BIIL-1BfcTNF-0 fe s F A2k B o )k & B0 T 35E
+ % X > PBmock et # o ##4 o p<0.01 » ###4 57 p<0.001 ; & LPS

LR 4 p<0.001 o
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IL-1p TNF-o

Mock LPS LPS/Genipin Mock LPS LPS/Genipin
Brain
Heart
9.7+0.8
Liver

2.7+0.2 16.742.2## 2.3+0.3 39.613.5%# 30.743.4"

30.3+4.2°

11.9+0.8 _ 25.112.2’“

17.582.7%

L L
b

W 413 5 s :’f%'-—’;ﬁfr%*m;#i o

fr/" Genipin 14 100 mg/kgﬁ’ﬁfl]ﬂ ”;.’9

22

&

i > i * IL-1B4=TNF- oA e '%k v § Ad > R 1L EEAcAR100
B IL-IBfrTNF—aP%'I“i'&fi“* (%) HE BB T BT o T
F @ TELR R £ > grmock et i 0 ### 4 7 p<0.001 ; 22 LPSHt
k4 7 p<0.05 > ¥4 4 7 p<0.01 > B Y F Bew ST o
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Biological process

Metabolism

Immune system process Response to stimulus
39 genes, p=4.66x10-24 30 gene, p=6.57x10¢
Defense Response || Response Response
response to stress to external to biotic
23 genes, 14 genes, stimulus stimulus
Antigen p=1.98x1012 p=0.003 14 genes, 8 genes,
processing and p=128x10% || p=1.77x10°

presentation

Regulation of 7 genes, p=2.68x10-6 Immune
amino acid response
metabolism 33 genes,
3 genes, p=0.009 p=4.02x1024
Regu!atlon of Regulation of B
protein . cell proliferation
metabolism 2 genes, p=0.008
4 genes, p=0.007

Bl 4.14 12 GO ~ #7

/[

Innate
immune

response

4 genes,
p=0.003

Rvesp(()ll.lse to Response to
wounding other
12 genes, .
p=4.54x10°5 organisms
8 genes,
p=1.77x10"5
Inflammatory
response
8 genes,
p=1.77x10"5

Acute-phase
response
3 genes,

p=0.002

% LPS 4= LPS/genipin = i fe %] ¥ 7% ~ & 5~ 3+

BRAcT R E 3 £ 82 M F] o §1* Gene Ontology Tree Machine € #-
%\Iﬁ-ﬂ}.g‘ mz’i’quirf ;9 ,‘\ S 4 Aa\t‘l

3 Ak F19 GO BT e £ BT
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B ——
-3.0 0.0 3.0

LPS LPS/Genipin

39190987
o~
~
& 19595493
=
-

00

Endothelial-specific receptor yrosine kinase
Notch-reguiated ankyrin repeat protein

SH3-bincing kinase 1

SNF related kinase

Lysosomal-associated protein transmembrane 5
Chemokine (C-X-C motif) kgand 10

Chemokine (C-C mot) ligand 5

Chemokine (C-X-C motif) kgand 9

Chemokine (C-X-C motif) kgand 9

Interferon inducidle GTPase 1

Interferon inducidble GTPase 1

Colon{ stimulasng factor 3 (granulocyte)
CCAAT/enhancer binding protein (C/EBP), delta
Interferon-induced protein 44

Solute carrier family 10 (sodwmvbile acid coransporter family), member 6
CD14 antigen

Radical S-adenosyl methionine domain containing 2
RIKEN ¢cONA AS30077813 gene

Proteasome (prosome, macropain) 28 subunit, beta
Ubiquitin speciic peptidase 18

1SG15 ubiquitin-hke modler

Interferon-induced protein with tetratricopeptide repeats 3
2-5 oligoademtate synthetase-like 1

RIKEN ¢ONA 983014724 gene

Guamyfate nucleotide binding protein 2

Tissue inhibitor of metalloproteinase 1

Interferon gamma inducible protein 47

CD274 anbigen

Interferon gamma induced GTPase

Myxovirus (Influenza virus) resistance 2

Tumor necrosis factor, alpha-induced protein 3

Caspase 4, apoptosis-related cysteine pepddase
Interferon activated gene 2028

B-cell leukemiatymphoma 2 related protein A1d

Traf2 binding protein

RIKEN ¢cONA 9830147J24 gene

Ubiquitin O

Interleukin 1 receptor antagonist

Similar 1o macrophage actvason 2 like

Solute carrier family 16 (monocarboxylic ackd transporters), member 11
Kruppeklike factor 2 (lung)

Angiopoietin-like 4

Phosphodiesterase 4B, cAMP specific
Eosinophil-associated, ribonuciease A family, member 1
Interferon-induced protein with tetratricopeptide repeats 3
Interferon-induced protein with tetratricopeptide repeats 3
Ineérferon-stimulated protein

Matrix metallopeptidase 13

SAM domain and HD domain, 1

DNA segment, Chr 11, Lothar Hennighausen 2, expréssed
Torsin family 3, member A

Torsin family 3, member A

Theee prime repair exonuclease 1

CDNA sequence BC013672

Myxovirus (Influenza virus) resistance 1

DNA segment, Chr 14, ERATO Dol 668, expressed

CD40 antgen

Myeloid differenSiation primary response gene 88
Baculoviral AP repeat-containing 3

Schiafen 2

Mitogen activated protein kinase kinase kinase 8
Oncostatin M receplor

Chemokineg (C-C mot) receptos-like 2

2-5" oligoademytate synthetase 2

Inmerferon-induced protein 35

Transpornter 2, ATP-binding cassette, sub-family B (MDR/TAP)
Chemokine (C-C mot) receptor 7

Interferon regulatory factor 1

Bone marrow stromal cell antigen 2

Proteosome (prosome, macropain) subunit, beta type 8 (large multifunctional peptidase 7)
Proteosome (prosome, macropain) subunit, beta type 8 (large multifunctional peptidase 7)
Interferon induced with helicase C domain 1

2-5" oligoadenylate synthetase 1A

Multiple EGF-Mke-domains 11

8] 4.15 12 Hierarchical clustering 4 #7 f. LPS 4= LPS/genipin = i % %]
§ g R PR T L § AR R T o SUE R ¢ (Normalize)
{6 ehlicdp log2 B Bl P i gad BrR ch A ER (EREI ZHT

b ) AT AR T A d AT oA RTENLES LT oo



FL N\

B 4.16 12 Network 4 7 % LPS v LPS/genipin # i %] # » 55 v <
ST TRE 4 £ BB T o f r A FI AR Y fh T Am g Ak
&+ IN & & » #45%]5 (transcription factor) =k 7] A Bl ¥ e+ 42
g TE R ok > AFA P 44 STF R > et
3 AP B B > SR E > Genomatix U A B YEER S ehi- Mo AP o
bod - BAFIS St e - BEETFI T T IES - Be
fr¥ G i B EAF]F B L apromoter PF 0 iE B AR M-E - L

% d MATE G B EETF]F R E P Flied o
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6%

% 44 qPCR % £ Tigpl I Ifi202 % RAZR o

Sample Average Cr of target Average Ct of GAPDH ACT* AACTb Relative to mock
ligpl

Mock 26.10+0.04 17.13+0.05 8.96+0.06 0.00+0.06 1.00

LPS 23.31+0.05 17.07+0.02 6.24+0.06 -2.72+0.06 6.62

LPS/Genipin 23.84+0.07 17.25+0.01 6.59+0.08 -2.374+0.08 5.17
[£i202

Mock 32.11+0.11 17.13+£0.05 14.97+0.12 0.00+0.12 1.00

LPS 26.25+0.04 17.07+0.02 9.18+0.05 -5.79+0.05 55.40

LPS/Genipin 27.40+0.02 17.25+0.01 10.15+0.02 -4.82+0.02 28.33

* The ACr value is determined by subtracting the average Cr value of GAPDH gene from the average Cr value of target gene. The standard

deviation of the difference is calculated from the standard deviations of the target gene and GAPDH gene.

® The calculation of AACrt involves subtraction by the ACr calibrator value. This is a subtraction of an arbitrary constant, so the standard deviation

ofAACT is the same as the standard deviation of ACt value.
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AR > AP NFkB ## P i=lFpET 5, 5w
silymarin & {7 B[3& o 1% & BT 5 2 P8 L silymarin ¥ 12 & A pF
A 48 T e "3 CCly #7348 (O NF-xB B o ¢ b > NF-xB & |2 &
ARG T A AL Tl e B F arg d and Sk B R ot vt s T NF-xB
F AT R T g PR LR SRR cn W R T S oo BT
Bend F b KB H LAY B RACR IR LR M e 7
W P e e A AR R s R AR B R Uy Tk o ip B HND T C
BRI A PR R E P Wi ik MR e
AP W-2 PRSI (62, 98-100) ° - > 2 il kP
B AL KIFR) EUFER Sk ] (101) o AP A G o e
SHAF 7 NF-«B/luciferase A F]ink FIg A H ¥ ¥ & E Hoang§
NF-kB Bgit 4 k¥ % k3tip 2 Hf-2 R F o3 5% 3T
st AR S P E 3R B (vanilling AR 5 LA
STk B o7 AR FRA Lk (62, 64, 65, 102) o AFTY P
AR 4 Fl kBRI R CCly #7138 avFE G 2R o
JI#* CClL e FHEF G A0 W ERTF b it 2> ¥ 74
TE ¥ # % k&HEFITE PN FBIFES RN (48) o CCly ik 35HS
3 & Fd cytochromep450 c st 2= 57 Az 57 LiFs p
d AR e dpd kp ot CClL ittt € 132 RPN hx 2 3 273 & 4
R HEE oA B % § i N e T R B o T
N OF R T P A R (49) o B E LS CCl @ g hE
AT PR A F LA RS G T S (50, 51)
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taie (52) o WAL o R ROFE L AT ST G A TR
v U e g o 2 3 iR o Rl dkpE X U 4
VRFL B YRR ok PR RR R 2 BoRpp L pR kR Rk T (53-55) o
d 3vd % f;é_}}% F15l Az endE F O FERCE LiE e R R Y X NF«B
B A LR BEA T (1) Flt APkt B NF«B
AFME AR R AR E CCL T % T it - fd 2 pE g d frh
Ji}l%‘« 8L d gt ¥ BT CCly 973 e — 53F% NF-«xB
Hitfrs kG REFR R S T ApR c T BREET 0 AP
NF-xB 2 4 2§ * & CCL#wFdattap i\ £+ 7

Silymarin &= B & A #TRATH R F Mo en iR iTA] (56) o v
P 3SR ATRET I o TS g
fnPe TR T s LA AR R E 4 aE i (57-61) o Silymarin
b3F 5 R RALATRFT LT SR R R o FR P
AR TR e R FE I AL I s AT 4 R F el
TR E (61) o AFL P o2 P s BP R E T ¢ IR silymain
TG - T CCy BRI  NFB i i o @ 2 JEF
silymarin eng 3 JoF 0 AP e BRI 'E K NF-xB a5 [ 13-4
Bitepgs ApF ~ M I > Bov NF-xB B4 B HBBT 0 &k
o AERE PN silymarin GA R T E OV A o B o AL
3 o silymarin &7 *% CCly #7343 %% NF-kB F 12 & 7 {34 ik -
B o

FF AP NF-xBREWMA LR GE N EEE T S ARG
P AT 0 silymarin D A FH o LA ST 3 3 0 o silymarindgh

it fedim Loamcdk 2 & F B % I TGF-B1 pathway (103) ° Silymarin
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T A HE T & B AR 4 1 (HTGF-pl mRNA & @ 4| profibrotic
procollage-aaf-TIMP-1 Flch& I (57) ° - ) > "FE AL DA F
ZFRBET osilymarin F U &3 B F L B4 (oxidative stress) ~ Jwm
23x P (cell cycle) ~ fm?z # 2 (cytoskeletal network) ~ %z - %z f}
¥ (cell-cell adhesion) > "2 #F LB ~ 3 W 2 dw?2 k= il %] (104) o
AF 7 ¢ > microarray sH#ic 8 7 & CClgih # MFg it 22 ™ » silymarin
# 7 TGF-B1-associated ~ TGF-B-induced apoptosis 2 TGF-B-mediated
pathway ° s % % 22 L% = )?{* IR oo gt tb o A microarray A 7
silymarinig B 2 e 2 F1 & R Bl ¥ 0 2 Isilymarin “$ TV AEA
TGF-B-mediated pathway "% K CCl,#73% % cFNF-xB o { - # 3 i e
microarray <h#cy ® » B IR — & RTAT O 0L F] > & NF-kBE AT
P82 5 4R 8 cha 47 0 X Cox A& Flaksilymarin T 3 o 2 i
F74F Bosilymarin® T A fwe § A F ek R T S Bl Fend
Boo B e CCLT MFH#F e § Fenf wsh F 0 ie- B 255
% % ;& w7z (hepatic stellate cells) & * = #f s~ & # ‘m %2
(myofibroblast-like cells) (105) - Silymarin ™ 3% - # 2= w2 § 2%
A& F] o A daplsilymarin ¥ i B i@ Prd] e b g ,E’_T%‘« m ) A+
Bk dmre cnggq] > i d i Pler R R gk o CClh 3 MR it
uEAR R I pd KAF @ pd g %E%*ﬁn%;ugfwiaﬁwg@&@g
Ak g e % (106-108) © % F B RF]FAGF P 5 44547 £ 4o NADH
reductase ~ uccinate reductase ~ cytochrome c reductase%# Cox (109) -
Coxtri § Mg & end ¢ » &7 Lp T+ Befsa T
+ j¥cytochrome ¢ % F|§ & F #7% ZLF 7]+ (109) o &L o e
TE T ER b RECCLHA % aFg i ¥ > NADH reductase

A€ T > ¥ Cox A€ H 4 (106, 108, 110) o A3ty
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%+ B 0 Coxe— £ A F1 & BARCCLE#H B 7 o @ NADH reductase
TR REFEL EERT IR0 F M AR M ERS
(superoxide anion) 1A # »i& @ IR ﬁg}#ﬁf_’;ﬁ"ﬁg ik 4h g ST §
Hohgis o CCLBET R 3 @EMTIF 23+ T F S LRI L 2 ATP
Ea & B Coxenastt (108) © ¥ — 2 o » w502 3 BT 0 J8 % B
% ¢ % Hsilymarin € FrHl M F §F ) 4L & foil - NADH R
7l R AR A A A A R (111, 112) < b 24 e & B 7
i3t Mock 2 > silymarin ¥ 14 " MM CCl4 9734 H = 3t A # % I E Cox
AFR IR o 2 %L BT o silymarin® iy € 350 CClyid = ek
83+ Bifeag it > FHF i B 0% Dlsilymarin € 4 P 2o L CCLA a4
g Y - B oo

FREEZ A e A2 kit

SN R ) DEAS R GE E LG R R A S TR S TR
SR L’F + ) /L;hﬂg_ﬂu T Ligfa FNZREEHEETIEB Y D
SEREEE RS Pl S ECEER S SES Lot R R
EEAMERE R R L . A P akr
BEAR LB g A A AR e R THRE R T L b E

M RRET §ruchBE S 20 EHWBHRE LTI E R o s

b s A 24

522 M E SRS GRS A R aaE I bl

il

L
fA i § 4 J 72 (immunohistochemistry stain; IHC) ~ R izfe =
F & (in situ hybridization) # - fz gt = 2 30 2 Wiy 5 b 4
BEPp PPy L g o MG F 5 L &% > 2 NFxB AF|EE

Rpesw § CRASF R TR A 3 % microarray L A

1R fréestd st B PR Rd g AREFM
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MAFFISFIRET FRFFEAREDPOIRES 2T R G40
F AR FR R (35, 45-47) o F M F F 3 Edrdlinterferon (IFN)
yfeIL-122 4 @ #x i -] RAkconcanavalin A (con A)#73% % "+ (113) -
FW%%E%H%ﬁﬁfﬁwwwﬂ<ﬂﬁﬁﬁ'?‘ﬁ@%ﬁﬁﬂﬁﬁ
* (114) - P b &a > i)t F44 ER R PRI CCH4
AR T L SEAE O R B h O - TRRDEF o FMF
B tE S A e TR B BN Y 0 g dp o TR i %
BITEF TP 0 on ARG T R RO A RE
Mg B ARG (IR > F AL 4% § 429Emodin (46)
A_d Genipin#T#/F R > (47) o @t TP o APERE R G FIT

WA SR Y H R

W
JENTS
4l
4y
Ji

SALERE A
* R Z fed &'E MCCI4# T 3 ONF-kBoc % 24 chds » B 7 X s
ik g 5 PRE o

foF e RILPREY BiRkici & 1EE RIELGPFRE o fe 3
AT T B fitend & i $ F genipin o %15 4 AT F + § 14 geniposided
B P genipin R 4R3I fr ek 2 B o Aw o T4 0 s
3 X B~ % ehgeniposide ™ 3 &+ B %R shicytochrome P-450-dependent
monooxygenases * glutathione %  glutathione S-transferase (115) -

Genipin¥® 2 #r 4|4 IFN-gamma3; 36 0 F 5w ¥ » [L-1beta~ IL-614 %

54



IL-12p70 2 & = (113) ° Genipindr#| % v F % s &4 {3 7 -
e PF» ¢ T *#collagen type I TGF-betal % o-SMA PmRNA fr H¢

?T%Z o Foeka giﬁwﬁljsmadzﬁgm A @ (116) ° KA FemE g @ 4

TR i'ﬁjﬁ P B e g > ¥ b X A% e BT
LAER 0 Ate T BB CCLAE e G OIRm BE AR T o Fpt o A it p

Yo+ ¢ 7 7 dhgenipin® it & UG F PRTA 2~ o

5.3 Genipin#vg & 8 & 45
for ek R - BEOBAY FEY T AES oS Y NsRH L

% "8 Fpom o (117) e Genipin Aj¥ geniposide i #fis s 4 > @
geniposide— B 4o4 8 T3+ (118) ° Genipin® A& * RT3 48 &

I EPenEd FIA (119) - vBRAT kg T2 P n R T F DL
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1
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P g LR - TS o

LABIEAT YR 0 AP W EE RS R B E Blgenipin 88
P& 2 B A S o LPSEE NI Rehl R
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cytokine » bl4rE wim e fo ¥ (4 mre o Hgis 4 A dhcytokine § 3k e
R A S ARG P L me BE (127) - ATt LPSE S
Toll-like receptor 4/CD14:4f & 4 ¢ /% I* NF-xB » 2R {8 + 4 5 L |+
cytokinesrizk F1 4 I » »]4cTNF-a ~ IL-1B4-IL-6 (127) ° ¢ > A

A7 BT 0 LPSt— w MAEEF 4o > § o s R o RN o

FULF LR (128) » Ad P &P TLPSER ¥ A E &
E1 > L HE LF B hi F o R T ehcytokine & & # 4c o A LPS
% WP NF-xBiE (22 L 5 LPS5142NF-xB#% it e > 258 L F R
FARF L ot o LPSE A HFNFxBE M T S S &or 2 & d LPS
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BEET SR OfFIARRRET L RE RGP TR TR
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NF-xB# 4 4 & 82 1B or LPS# % < " > %K 0 7738 B %
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g M E Bz enjg it B¢ ch| Bl w2 % fs %8 chBCR % f2 (129) o
nrarp#_— fa-| A + F-o > #45d Notch signaling pathway3} 477 o L o e5
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Endothelial-specific receptor tyrosine kinase ¥ — f& < 48 > & 1 & 52292
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57



LAl * BWFL-] B 5 9 St @ 20 ifi2024 - B £ & chfid Rk fmve
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New functional genomics platform for analyzing the
effects of Yin-Chen-Hao-Tang and its novel effective

components in liver disease
Graduate Institute of Chinese Medicine, China Medical University
Advisor: Professor Tin-Yun Ho
Student: Chia-Cheng Li

Chronic liver disease is a global health problem that affects hundreds
of millions of people. Liver damage followed by the persistent
inflammation leads to hepatic fibrosis and cirrhosis. The inflammation is
regulated by the transcription factor, nuclear factor-xB (NF-«xB).
Therefore, we applied bioluminescent imaging-guided transcriptomic
analysis to evaluate the feasibility of NF-kB-dependent bioluminescent
image on the assessment of liver disease progression and therapeutic
efficacies of herbs. Transgenic mice, carrying the luciferase genes driven
by NF-kB, were given with carbon tetrachloride (CCl,) and/or silymarin.
In vivo NF-xB activity was evaluated by bioluminescent imaging, liver
fibrosis was judged by Sirius red staining and immunohistochemistry, and
gene expression profiles of silymarin-treated livers were analyzed by
DNA microarray. CCl; enhanced the NF-kB-dependent hepatic
luminescence and induced hepatic fibrosis, while silymarin reduced the
CCls-induced hepatic luminescence and improved CCly-induced liver
fibrosis. Microarray analysis showed that silymarin altered the
transforming growth factor-B-mediated pathways, which play pivotal
roles in the progression of liver fibrosis. Moreover, we newly identified

that silymarin downregulated the expression levels of cytoskeleton
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organization genes and mitochondrion electron-transfer chain genes, such
as cytochrome ¢ oxidase Cox6a2, Cox7al, and Cox8b genes. We further
applied this platform to evaluate the therapeutic potentials of
Yin-Chen-Hao-Tang and its novel effective components. We found that
Fructus Gardeniae, the component of Yin-Chen-Hao-Tang, was effective
for the treatment of liver fibrosis. Furthermore, genipin from Fructus
Gardeniae exhibited anti-fibrogenic and anti-inflammatory effects via
downregulation of chemokine ligand, chemokine receptor, and
interferone-induced protein productions. In conclusion, our data showed
the feasibility of NF-kB-dependent bioluminescent image on the
assessment of disease progression and therapeutic efficacies. Moreover,
the therapeutic potentials and mechainsms of Yin-Chen-Hao-Tang and its
constituents silynmarin and genipin were further identified by

bioluminescent imaging-guided transcriptomic analysis.
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In this study, we applied bioluminescent imaging-guided transcriptomic analysis to evaluate and identify
the therapeutic potentials and novel mechanisms of silymarin on carbon tetrachloride (CCly)-induced
liver fibrosis. Transgenic mice, carrying the luciferase genes driven by nuclear factor-xB (NF-xB), were
given with CCl, and/or silymarin. In vivo NF-kB activity was evaluated by bioluminescent imaging, liver
fibrosis was judged by Sirius red staining and immunohistochemistry, and gene expression profiles of

f_ey W‘;irss" . silymarin-treated livers were analyzed by DNA microarray. CCl, enhanced the NF-kB-dependent hepatic
S;Y;r;arigom luminescence and induced hepatic fibrosis, while silymarin reduced the CCls-induced hepatic lumines-

cence and improved CCly-induced liver fibrosis. Microarray analysis showed that silymarin altered the
transforming growth factor-g-mediated pathways, which play pivotal roles in the progression of liver
fibrosis. Moreover, we newly identified that silymarin downregulated the expression levels of cytoskel-
eton organization genes and mitochondrion electron-transfer chain genes, such as cytochrome c oxidase
Cox6a2, Cox7al, and Cox8b genes. In conclusion, the correlation of NF-kB-dependent luminescence and
liver fibrosis suggested the feasibility of NF-kB bioluminescent imaging for the evaluation of liver fibrosis
progression and therapeutic potentials. Moreover, our findings suggested that silymarin might exhibit
anti-fibrotic effects in vivo via altering the expression of genes involved in cytoskeleton organization
and mitochondrion electron-transfer chain.

Nuclear factor-kB
Bioluminescent imaging
DNA microarray
Cytochrome c oxidase

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction proinflammatory cytokines, such as interleukin-1p, tumor necrosis

factor-o and interferon-vy, contribute to the progression of hepatic

Liver fibrosis is a pathological sequel of chronic inflammatory
liver injury caused by various etiologies, such as hepatitis virus
infection, autoimmune injury, alcohol, and toxins/drugs. Following
hepatic inflammation and damage, hepatic stellate cells change to
myofibroblast-like cells and produce a large amount of extracellu-
lar matrix like type I collagen. The accumulation of collagen in the
hepatic parenchyma further leads to the fibrosis of liver (Bataller
and Brenner, 2005; Lotersztajn et al., 2005). Production of

Abbreviations: CCly, carbon tetrachloride; Cox, cytochrome c oxidase; GAPDH,
glyceraldahyde-3-phosphate dehydrogenase; H&E, hematoxylin and eosin; NF-kB,
nuclear factor-kB; o-SMA, o-smooth muscle actin; TGF-B, transforming growth
factor-p.
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doi:10.1016/j.fct.2012.02.025

inflammation and sequential fibrosis (Luedde and Schwabe, 2011).
The production of cytokines is further controlled by the transcrip-
tion factor, nuclear factor-xB (NF-kB) (Baldwin, 1996). NF-xB is an
inducible nuclear transcription factor that consists of heterodimers
of RelA (p65), c-Rel, RelB, p5S0/NF-kB1, and p52/NF-kB2. NF-xB
activity is activated by a large variety of stimuli, such as microbes,
inflammatory cytokines, and physical and chemical stresses. When
stimulated, NF-kB binds to the NF-kB-responsive element present
in the promoters of inflammatory genes, resulting in the induction
of gene expression and the inflammatory process. Accordingly,
NF-kB is a critical molecule involved in the regulation of inflamma-
tory cytokine production and inflammation (Bonizzi and Karin,
2004; Karin and Ben-Neriah, 2000; Siebenlist et al, 1994).
Moreover, controlling NF-kB activation has become a pharmaco-
logical target, particularly in the chronic inflammatory disorders
(Baeuerle and Baichwal, 1997).
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Silymarin, a flavonoligan mixture of milk thistle (Silybum maria-
num), is an important herbal hepatoprotective drug (Abenavoli
et al., 2010). Silymarin possesses a variety of pharmacological
activities, such as anti-inflammatory, immunomodulatory, anti-
oxidant, and anti-viral activities (Polyak et al., 2007; Saller et al.,
2001; Shaker et al.,, 2010). Silymarin exhibits hepatoprotective
effects by altering cytoplasmic membrane architecture and, in
turn, preventing the penetration of hepatotoxic substances, such
as carbon tetrachloride (CCly), thioacetamide and p-galactosamine,
into cells (Abenavoli et al., 2010; Basiglio et al., 2009). It also pos-
sesses the anti-fibrotic activity by retarding the activation of hepa-
tic stellate cells (Chandan et al, 2008). Although the
pharmacological mechanisms of silymarin have been reported,
silymarin-altered hepatic gene expression profiles remained to be
elucidated for the identification of novel targets and mechanisms
for silymarin-mediated protection in the liver.

Bioluminescence imaging is a sensitive and noninvasive tech-
nique for real-time reporting and quantification of therapy efficacy
in living animals (Hseu et al., 2011; Wu et al., 2009). This technique
has been used for the assessment of host responses to biomaterials
(Ho et al., 2007; Xiong et al., 2005). It has also been applied for
imaging disease progression and diagnosis (Dothager et al., 2009;
Ottobrini et al., 2005). Microarray is a popular research and screen-
ing tool for differentially expressed genes. Microarray-based gene
expression patterns have been used to predict the candidate bio-
markers, predict the therapeutic efficacies of drugs, and recognize
the toxic potential of drug candidate (Baur et al., 2006; Lamb et al.,
2006; Suter et al., 2004). We have previously applied NF-«xB biolu-
minescent imaging-guided transcriptomic analysis to assess the
host responses to biomaterials and ionizing radiation in vivo (Ho
et al., 2007; Hsiang et al., 2009). In this study, we applied NF-xB
bioluminescent image to evaluate both the progression of CCls-in-
duced liver injury and the therapeutic effects of silymarin. Micro-
array analysis was further applied to globally elucidate the gene
expression profiles of silymarin and to find novel mechanisms of
silymarin on CCls-induced liver injury. Our data showed the feasi-
bility of NF-kB-dependent bioluminescent image on the assess-
ment of disease progression and therapeutic efficacies. Moreover,
we newly identified that silymarin exhibited anti-fibrotic effects
in vivo via regulating transforming growth factor-p (TGF-B)-medi-
ated pathways and altering the expression of genes involved in
cytoskeleton organization and mitochondrion electron-transfer
chain.

2. Materials and methods
2.1. Induction of liver fibrosis and silymarin treatment

Mouse experiments were conducted under ethics approval from the China
Medical University Animal Care and Use Committee. Transgenic mice, carrying
the NF-kB-driven luciferase genes, were constructed previously (Ho et al., 2007).
CCly-induced liver fibrosis was performed as described previously (Sakaida et al.,
2004). Silymarin was purchased from Sigma (St. Louis, MO) and suspended in dis-
tilled water to a final concentration 20 mg/ml. A total of 24 transgenic mice was
randomly divided into three groups of eight mice: (1) mock, mice were intraperito-
neally administered with 0.5 ml/kg olive oil twice a week for 12 weeks, (2) CCl,,
mice were intraperitoneally administered with 0.5 ml/kg 10% CCl, in olive oil twice
a week for 12 weeks, and (3) silymarin, mice were intraperitoneally administered
with 0.5 ml/kg 10% CCly in olive oil twice a week for 12 weeks, and silymarin was
given orally at a dose of 200 mg/kg once a day from week 5 to 12 after CCly
administration.

2.2. In vivo and ex vivo imaging of luciferase activity

For in vivo imaging, mice were anesthetized with isoflurane and injected intra-
peritoneally with 150 mg luciferin/kg body weight. Five minutes later, mice were
placed face up in the chamber and imaged for 1 min with the camera set at the
highest sensitivity by IVIS Imaging System® 200 Series (Xenogen, Hopkinton,
MA). For ex vivo imaging, mice were anesthetized and injected with luciferin
intraperitoneally. Five minutes later, mice were sacrificed, and tissues were rapidly
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removed, placed in the IVIS system, and imaged with the same setting used for
in vivo studies. Photons emitted from tissues were quantified using Living Image®
software (Xenogen, Hopkinton, MA). Signal intensity was quantified as the sum of
all detected photon counts from selected tissues and presented as photon/s.

2.3. Quantitative analysis of liver fibrosis

For detecting hepatic fibrosis, liver sections were stained with 0.1% Sirius red
(Sigma, St. Louis, MO) in a saturated aqueous solution of picric acid (Panreac,
Barcelona, Spain). One hour later, slides were rinsed in two changes of acidified
water (0.5% glacial acetic acid in water), dehydrated in three changes of 100% eth-
anol, cleared in xylene, mounted in a resinous medium, and then observed under a
light microscope. Sirius red-positive areas were measured using Image-Pro Plus
(Media Cybernetics, Bethesda, MD). The proportions of hepatic fibrotic area (%)
were calculated as areas occupied with red color/area of whole tissue.

2.4. Histological and immunohistochemical examination

Parafilm-embedded liver tissues were cut into 5-pum sections and stained with
hematoxylin and eosin (H&E). For immunohistochemistry, sections were deparaff-
inized in xylene and rehydrated in graded alcohol. Endogenous peroxidase was
quenched with 3% hydrogen peroxide in methanol for 15 min and the nonspecific
binding was blocked with 1% bovine serum albumin at room temperature for 1 h.
Sections were incubated with antibodies against p65 (Chemicon, Temecula, CA),
TGF-B1 (Santa Cruz, Santa Cruz, CA), or o.-smooth muscle actin (a-SMA) (Santa Cruz,
Santa Cruz, CA) at 1:50 dilution overnight at 4 °C and then incubated with biotinyl-
ated secondary antibody (Zymed Laboratories, Carlsbad, CA) at room temperature
for 20 min. Finally, slides were incubated with avidin-biotin complex reagent and
stained with 3,3’-diaminobenzidine according to manufacturer’s protocol
(Histostain®-Plus kit, Zymed Laboratories, Carlsbad, CA). TGF-B1, a-SMA, and NF-
KkB-positive areas were measured using Image-Pro Plus (Media Cybernetics,
Bethesda, MD) to quantify the expression levels of TGF-B1, a-SMA, and NF-xB.
The proportions of TGF-B1, a-SMA, and NF-kB-positive areas were calculated as
areas occupied with brown color/area of whole tissue.

2.5. Total RNA isolation

Total RNA was extracted from livers using the RNeasy Mini kit (Qiagen, Valen-
cia, CA) and further treated with RNase-free DNase I (Qiagen, Valencia, CA) to re-
move contaminating DNA. Total RNA was quantified using the spectrophotometer
(Beckman Coulter, Fullerton, CA), and samples with A260/A280 ratios greater than
1.8 were further evaluated using Agilent 2100 bioanalyzer (Agilent Technologies,
Santa Clara, CA). The RNA sample with a RNA integrity number greater than 8.0
was accepted for microarray analysis.

2.6. Microarray analysis

Microarray analysis was performed as described previously (Cheng et al., 2010).
Briefly, fluorescent RNA targets were prepared from 5 pg of total RNA using
MessageAmp™ aRNA kit (Ambion, Austin, TX) and Cy5 dye (Amersham Pharmacia,
Piscataway, NJ). Fluorescent targets were hybridized to the Mouse WG-6 Expression
Bead Chip (Immunina, San Diego, CA) and scanned by an Axon 4000 scanner
(Molecular Devices, Sunnyvale, CA). Number of replicates was three. The Cy5 fluo-
rescent intensity of each spot was analyzed by genepix 4.1 software (Molecular
Devices, Sunnyvale, CA). The signal intensity of each spot was corrected by subtract-
ing background signals in the surrounding. We filtered out spots that signal-
to-noise ratio was less than 0 or control probes. Spots that passed these criteria
were normalized by the limma package of the R program using quantile normaliza-
tion. Normalized data were tested for differential expression using Gene Expression
Pattern Analysis Suite v3.1 (Montaner et al., 2006). Genes with fold changes >2.0 or
<-2.0 were further selected and tested enriched pathways on WebGestalt web site
(http://bioinfo.vanderbilt.edu/webgestalt/login.php) by hypergeometric test.

2.7. Quantitative real-time polymerase chain reaction (qPCR)

The expression levels of cytochrome c oxidase genes (Cox6a2, Cox7al, and
Cox8b) were validated by qPCR. RNA samples were reverse-transcribed for 2 h at
37 °C with High Capacity cDNA Reverse Transcription kit (Applied Biosystems,
Foster City, CA). qPCR was performed by using 1 pl of cDNA, 2x SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA), and 200 nM of forward and re-
verse primers. The reaction condition was followed: 10 min at 95 °C, and 40 cycles
of 15 s at 95 °C, 1 min at 60 °C. Each assay was run on an Applied Biosystems 7300
Real-Time PCR system in triplicates. The efficiency of PCR was measured by the
serial dilution test. A 4-log dilution range was generated using 10-fold serial dilu-
tions of the DNA with four concentration points at 108, 107, 106, and 10° copies/
pl. Fold changes were calculated using the comparative CT method. Primer sets
used in this study were designed using Primer3 program (http://frodo.wi.mit.edu/
primer3/). The specificities of primer sets were analyzed by nucleotide BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). Each primer set was able to amplify a
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target DNA fragment from the respective gene with specificity. The primer set for
each gene is followed: Cox6a2 forward, 5'-CAGAGAAGGACAGTGCCATTC-3’; Cox6a2
reverse, 5-GAAGAGCCAGCACAAAGGTC-3’; Cox7al forward, 5'-CAATGACCTCCCA
GTACACTTG-3’; Cox7al reverse, 5'-CCAAGCAGTATAAGCAGTAGGC-3’; Cox8b for-
ward, 5'-TCCCAAAGCCCATGTCTCTG-3’; Cox8b reverse, 5-CATCCTGCTGGAACCAT
GAAG-3'; glyceraldahyde-3-phosphate dehydrogenase (GAPDH) forward, 5'-TCACC
CACACTGTGCCCATCTATGA-3'; GAPDH reverse, 5'-GAGGAAGAGGATGCGGCAGTGG-
3. Previous study has shown that the levels of GAPDH mRNA and protein in livers
are consistent in mice given with CCl, (Hellerbrand et al., 1999). Therefore, we used
GAPDH gene as the reference gene in this study.

2.8. Statistic analysis

Data were presented as mean + standard error. Data were analyzed by one-way
ANOVA and post hoc LSD test using PASW Statistics (SPSS) version 12. A p value less
than 0.05 was considered as statistically significant.

3. Results

3.1. Silymarin exhibited a steady decrease of CCly-induced NF-kB
activity in the liver

Transgenic mice were given with CCl4 and/or silymarin and im-
aged for the NF-kB-driven luminescence on week 4, 6, 8, and 12. As
shown in Fig. 1, administration of CCl, significantly induced the
NF-kB-dependent bioluminescent signal in the abdominal region
as compared with mock group. Ex vivo imaging displayed that
CCly specifically induced the luminescence in the liver (Fig. 2). Oral
administration of silymarin significantly suppressed the CCly-in-
duced luminescent intensity in the abdominal region and the sup-
pression displayed a time-dependent manner. Ex vivo imaging also

Week 4

Week 6 Week 8 Week12

(A)

Mock

Silymarin

C.-C. Li et al./Food and Chemical Toxicology 50 (2012) 1568-1575

displayed that silymarin specifically reduced CCls-induced NF-kB-
driven bioluminescence in the liver. These findings suggested that
CCl, induced NF-xB activation in the liver with specificity, while
silymarin displayed a steady decrease of CCl4-induced NF-kB activ-
ity in the liver.

3.2. The decrease of NF-kB activity by silymarin in the liver was
correlated with the improvement of liver fibrosis

To evaluate the histological changes of liver and the degree of
liver fibrosis, we stained the hepatic sections with H&E and Sirius
red. Hepatic fibrosis is induced by the accumulation of collagen in
the hepatic parenchyma (Bataller and Brenner, 2005). Sirius red is a
strong anionic dye that has been used for the quantification of col-
lagen in tissue sections for many years (Jimenez et al., 1985;
Lopez-De Leon and Rojkind, 1985). Therefore, Sirius red-positive
area can be a direct marker for the degree of liver fibrosis. As
shown in Fig. 3, no apparent pathological alternations were found
in mock group. Sirius red-positive region in the mock group was
appeared around the central vein but not in the hepatic paren-
chyma. CCl; damaged the lobular structure of liver, which was
characterized by the infiltration of immune cells, hemorrhage, vac-
uolar degeneration, and necrosis of hepatocytes. Sirius red-stained
areas were clearly appeared in the boundaries of liver lobules and
the proportion of the hepatic fibrotic area was 3.86 + 0.54%. In con-
trast, silymarin improved the histological changes induced by CCl,.
The CCly-induced hemorrhage and necrosis in livers were amelio-
rated by silymarin. Moreover, Sirius red-stained areas in the
silymarin group were reduced as compared with CCl, group, and
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Fig. 1. NF-kB-dependent bioluminescence in living mice. Transgenic mice were administered with CCl, and/or silymarin, and imaged at indicated periods. (A) In vivo imaging.
The color overlay on the image represents the photon/s emitted from the animal, as indicated by the color scales. Photos are representative images (n = 8). (B) Quantification
of photon emission from whole animal. Values are mean + standard error (n = 8). ###p < 0.001, compared with mock. *p < 0.05, **p < 0.01, compared with CCl,.
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Fig. 2. NF-kB-dependent bioluminescence in individual organs. Transgenic mice were administered with CCl, and/or silymarin. Twelve weeks later, mice were sacrificed and
organs were subjected to image. (A) Ex vivo imaging. The color overlay on the image represents the photon/s emitted from the organ, as indicated by the color scales. Photos
are representative images (n=38). (B) Quantification of photon emission from organs. Values are mean * standard error (n=_8). ###p < 0.001, compared with mock.

**p <0.001, compared with CCly.

the proportion of fibrotic areas (1.94 + 0.29%) was significantly de-
creased by silymarin. These data suggested that silymarin im-
proved the CCly-induced liver fibrosis.

We further performed immunohistochemical staining to corre-
late the liver fibrosis with NF-kB activity. Liver sections were
immunostained with a-SMA antibody to detect the presence of
myofibroblasts that produce collagen (Wells, 2005). Sections were
also immunostained with antibody against TGF-1, a cytokine
playing a pivotal role in the liver fibrosis (Lotersztajn et al.,
2005). As shown in Fig. 4, there were many brown TGF-B1-positive
cells and o-SMA-positive myofibroblasts in the CCly-treated liver.
However, oral administration of silymarin decreased the number
of brown cells in the liver. The proportions of TGF-p1, a-SMA,
and NF-kB-positive areas were increased in CCly group and de-
creased in silymarin group, suggesting that CCl; induced the
expression of TGF-B1, a-SMA, and NF-kB, while silymarin inhibited
the CCly-induced TGF-B1, a-SMA, and NF-kB expression. Moreover,
these findings suggested that silymarin ameliorated CCls-induced
liver fibrosis, which was coincident with aforementioned histolog-
ical data. Immunostaining with antibody against p65 revealed that
there were many brown p65-positive cells in the CCl,-treated liver.
However, silymarin decreased the number of p65-positive cells in
the liver. These data suggested that silymarin might improve

78

CCly-induced liver fibrosis via inhibition of NF-xB, TGF-B1, and
o-SMA. Moreover, the correlation between NF-xB activity, liver
fibrosis, and bioluminescent imaging suggested the feasibility of
NF-kB-dependent bioluminescent imaging for the evaluation of
therapeutic efficacy of drugs for hepatic fibrosis.

3.3. Analysis of gene expression profile of silymarin in the CCly-treated
liver

We further analyzed the gene expression profile of silymarin-
treated liver by DNA microarray to identify the novel mechanisms
of silymarin. In comparison with mock, 420 transcripts were
upregulated and 439 transcripts were downregulated by 2-fold
by CCly. In comparison with CCly, the expressions of 67 transcripts,
including 2 upregulated and 65 downregulated transcripts, were
altered with fold changes >2.0 or <—2.0 by silymarin. These genes
were further selected for pathway classification. Table 1 shows
that 34 pathways were significantly altered by silymarin
(p <0.01). The half of pathways was associated with metabolism,
while others were related to regulation of cellular process and sig-
nal transduction. TGF-B-associated pathways, including TGF-p sig-
naling pathway, TGF-B-induced apoptosis and TGF-B-mediated
pathway, were significantly regulated by silymarin. Because
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Fig. 3. Histological examination of liver by H&E and Sirius red staining. (A) Histological examination. Transgenic mice were administered with CCl4 and/or silymarin. Twelve
weeks later, mice were sacrificed, livers were excised, and sections were stained with H&E (100x magnification) or Sirius red (40x magnification). Photos are representative
images (n = 8). (B) Quantification of liver fibrosis by Sirius red stain. Results are expressed as fibrotic area (%), which was calculated as areas occupied with red color/area of
whole tissue. Values are mean #* standard error (8 sections/group and 10 fields/section). ###p < 0.001, compared with mock. **p < 0.001, compared with CCl,.

TGF-B1 plays a pivotal role in the progression of liver fibrosis,
alteration of TGF-B-related pathways might contribute to the
improvement of CCl,-induced liver fibrosis by silymarin. Silymarin
downregulated the expression levels of 65 genes in the CCly-trea-
ted liver. The genes with fold changes <—4.0 are shown in Table
2. The half of silymarin-downregulated genes was associated with
cytoskeleton organization and muscle contraction, while three
genes, including Cox6a2, Cox7a2 and Cox8b genes, were related
to mitochondrion electron-transport chain. These findings sug-
gested that silymarin might improve the CCls-induced liver fibrosis
via regulation the expression of genes involved in cytoskeleton
organization and electron transport.

3.4. Verification of expression levels of novel silymarin-regulated genes
by qPCR

Microarray data showed that the expression of mitochondrial
respiratory chain-related genes, including Cox6a2, Cox7al and
Cox8b genes, were downregulated by silymarin. We further ap-
plied qPCR to validate the transcriptional expression levels of these
genes. As shown in Table 3, the expression levels of Cox6a2,
Cox7al, and Cox8b genes in CCl, group were 496.21-, 21.36-, and
240.38-fold higher, respectively, as compared with mock group.
However, CCly-upregulated gene expression was downregulated
by silymarin, and the expression levels of Cox6a2, Cox7al, and
Cox8b genes in silymarin group were 9.84-, 0.72-, and 0.7-fold,
respectively, as compared with mock group. The consistent data
from qPCR and microarray indicated that silymarin downregulated
the CCly-induced expression of Cox6a2, Cox7al, and Cox8b genes.

4. Discussion

In this study, we found that silymarin exhibited a steady de-
crease of CCly-induced NF-xB activity in the liver, and the decrease
of NF-kB activity by silymarin in the liver was correlated with the
improvement of liver fibrosis. During a steady decrease of CCly-in-
duced NF-kB-dependent luminescence by silymarin, microarray
analysis of liver showed that silymarin altered the TGF-B-mediated
pathways. Moreover, we newly identified that novel target genes
like Cox genes were downregulated by silymarin, which was evi-
denced by NF-kB bioluminescence imaging-guided transcriptomic
analysis. Bioluminescence imaging is a sensitive and noninvasive
technique for real-time reporting disease progression and quanti-
fying therapy efficacies in living animals. This technique has been
used for monitoring tumor cell trafficking, tumor targeting, and
host-biomaterial interaction (Contag and Bachmann, 2002; Ho
et al., 2007; Ottobrini et al., 2005; Xiong et al., 2005). It has also
been used to predict hepatic tumor burden in mice (Sarraf-Yazdi
et al., 2004). In previous studies, we have constructed the trans-
genic mice carrying the NF-kB-driven luciferase gene and demon-
strated the feasibility of NF-kB-dependent bioluminescent imaging
for assessing the host-biomaterials interaction, elucidating the
host response to ionizing radiation, evaluating the therapeutic ef-
fects of vanillin in inflammatory bowel diseases, and analyzing
the anti-inflammatory effects of Antrodia camphorata (Chang
et al,, 2011; Ho et al., 2007; Hseu et al., 2010; Wu et al., 2009).
In this study, we applied bioluminescent imaging to evaluate the
progression of CCly-induced liver damages. Liver injury induced
by CCl, is the best-characterized mechanism of xenobiotic-induced
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Fig. 4. Inmunohistochemical examination of liver. Transgenic mice were administered with CCl, and/or silymarin. Twelve weeks later, mice were sacrificed, livers were
excised, and sections were immunostained with antibodies against TGF-B1, a-SMA, and p65 (100x magnification). Quantification of TGF-B1, «-SMA, and p65-positive areas
(%) was shown at the bottom. Values are mean + standard error (8 sections/group and 3 fields/section). Photos are representative images (n = 8).

hepatotoxicity and a commonly used model for the screening of
anti-hepatotoxic and/or hepatoprotective drugs (Weber et al.,
2003). CCl, is metabolized by cytochrome p450 system and con-
verted to trichloromethyl and trichloromethyl peroxy radicals.
The free radicals of CCl, bind covalently to macromolecules and
cause lipid peroxidation, which results in the fatty infiltration of
hepatocytes and the sequential liver damage and fibrosis
(Comporti et al., 2009). CCl4 has been used extensively to induce
liver injury in various animal models for decades. The experimen-
tally induced cirrhotic response by CCl, in rats and mice are similar
to liver cirrhosis in human (Weiler-Normann et al., 2007). Tradi-
tionally, liver injury and liver fibrosis induced by hepatotoxic sub-
stances can be evaluated by histological changes and
concentrations of alanine aminotransferase, aspartate aminotrans-
ferase, alkaline phosphatase, and y-glutamyl transpeptidase in sera
(Nanji et al., 2001; Sun et al., 2010; Tacke et al., 2005). Because the
sustained hepatic inflammation induced by various etiologies leads
to liver fibrosis, and NF-kB plays a critical role in regulating inflam-
matory responses (Luedde and Schwabe, 2011), we tried to apply
NF-xB transgenic mice to report the liver fibrosis induced by
CCly. CCly induced the NF-kB-dependent luminescence in the liver
with specificity and the NF-kB activation was correlated with liver
fibrosis, judged by Sirius red staining and immunohistochemical
analysis. These findings indicated the feasibility of NF-kB biolumi-
nescent imaging on the reporting of liver fibrosis induced by CCl,.

Silymarin is a well-known hepatoprotective agent for the treat-
ment of liver diseases (Abenavoli et al., 2010). It possesses antiox-
idative, antilipid peroxidative, antifibrotic, membrane stabilizing,
immunomodulatory, and liver regenerating activities (Polyak
et al.,, 2007; Saller et al., 2001; Shaker et al., 2010). Silymarin offers
a good protection in various models of experimental liver diseases.
It has also been applied clinically for alcoholic liver diseases, liver
cirrhosis, Amanita mushroom poisoning, and drug-induced liver
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diseases (Pradhan and Girish, 2006). In this study, bioluminescent
imaging showed that oral administration of silymarin reduced the
CCly-induced NF-kB-dependent luminescent intensity in the liver
with specificity. The correlation of the decreased NF-«xB activity
and the improved liver fibrosis by silymarin, suggesting the feasi-
bility of NF-kB-dependent bioluminescent imaging for the evalua-
tion of therapeutic effect of silymarin in vivo.

NF-kB bioluminescent imaging-guided transcriptomic analysis
was further applied for the evaluation of novel targets and mecha-
nisms of silymarin-mediated protection in the liver. Previous stud-
ies indicated that the anti-fibrotic and anti-inflammatory effects of
silymarin are associated with TGF-B1 pathway (Ai et al., 2010).
Silymarin suppresses the expression of profibrotic procollagen-o
and TIMP-1 via downregulation of TGF-B1 mRNA in rats with bili-
ary fibrosis (Jia et al., 2001). Moreover, genes associated with oxi-
dative stress, cell cycle, cytoskeletal network, cell-cell adhesion,
extracellular matrix, inflammation, and apoptosis are altered by
silymarin in pyrogallol-exposed liver (Upadhyay et al., 2010). In
this study, microarray data showed that silymarin altered the
TGF-B1-associated pathways, including TGF-B signaling pathway,
TGF-B-induced apoptosis and TGF-B-mediated pathway, in CCl4-in-
duced liver fibrosis, which were in agreement with previous re-
ports. Furthermore, we newly identified that silymarin
downregulated the expression levels of cytoskeleton organization
genes and mitochondrion electron-transfer chain genes. It has been
known that CCl, treatment induces the reorganization of cytoskel-
eton and, in turn, induces the differentiation of hepatic stellate
cells into myofibroblast-like cells (De Minicis et al., 2007).
Silymarin downregulated the expression of cytoskeleton compo-
nent genes, suggesting that silymarin might suppress the transfor-
mation of hepatic stellate cells via inhibiting cytoskeleton
reorganization and thus ameliorate the fibrosis of liver. Progression
of CCly-induced liver fibrosis is associated with free radicals pro-
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Table 1

Pathway analysis of silymarin-altered genes with fold changes >2.0 or <-2.0.
Pathway p Value?®
Regulation of cellular process/cell cycle and death
TGF-p signaling pathway 2.75x 1077
p53-Mediated pathway 0.00171
Tight junction 0.00014
TGF-B-induced apoptosis 0.00261
Adherens junction 0.00494
TGF-B-mediated pathway 0.00976
Metabolism
Urea cycle and metabolism of amino groups 249 x 107°
Citrate cycle 245 %107
Arginine and proline metabolism 0.00016
Galactose metabolism 0.00034
Biosynthesis of steroids 0.00049
Glycine, serine and threonine metabolism 0.00070
Glycolysis/gluconeogenesis 0.00100
Butanoate metabolism 0.00098
Folate biosynthesis 0.00218
Pyruvate metabolism 0.00223
Fatty acid metabolism 0.00273
Bile acid biosynthesis 0.00273
Alanine and aspartate metabolism 0.00442
Glutathione metabolism 0.00544
Starch and sucrose metabolism 0.00601
Glycosaminoglycan degradation 0.00799
Glutamate metabolism 0.00921
Signal transduction
Adipocytokine signaling pathway 8.26 x 107°
IL6 signaling pathway 0.00016
PPAR signaling pathway 0.00039
Insulin signaling pathway 0.00047
Vitamin D3 signaling pathway 0.00067
RANKL signaling pathway 0.00548
TNF signaling pathway 0.00629
IGF signaling pathway 0.00655
Chemokine signaling pathway 0.00709
EGF signaling pathway 0.00770
PTH/PTHIP signaling pathway 0.00840

@ p Value was calculated on WebGestalt web site by hypergeometric test.

Table 2
Expression levels of silymarin-downregulated genes in CCl,-treated liver.

Gene Description Fold changes*®

symbol

Actal Actin, alpha 1, skeletal muscle —90.21 £ 0.001

Myll Myosin, light polypeptide 1 —77.05 £0.001

Tnni2 Troponin I, skeletal, fast 2 —49.39 + 0.001

Atp2al ATPase, Ca*? transporting, cardiac muscle, fast —48.46 + 0.001
twitch 1

Mylpf Myosin light chain, phosphorylatable, fast —41.90 £ 0.001
skeletal muscle

Mb Myoglobin —35.39 +0.002

Cox6a2 Cytochrome c oxidase, subunit VI a, —28.43 £0.003
polypeptide 2

Cox8b Cytochrome c oxidase, subunit VIII b —18.60 £ 0.004

Eno3 Enolase 3, beta muscle —8.17 £ 0.009

Tnnt1 Troponin T1, skeletal, slow —7.60+0.011

Tnncl Troponin C, cardiac/slow skeletal —7.56 £0.010

Cox7al Cytochrome c oxidase, subunit VIla 1 —6.67 £0.015

Eefla2 Eukaryotic translation elongation factor 1 —4.64 £ 0.022
alpha 2

EG433229 Predicted gene, EG433229, transcript variant 7 —4.06 +0.016

¢ Fold changes are mean # standard error (n = 3).

duction that results in the significant alternations in functional
state of mitochondrial respiratory chain (Tanaka et al., 1987). The
electron transporters are combined in four complex: NADH reduc-
tase, succinate reductase, cytochrome c reductase, and Cox (Boyer,
1997). Cox plays a crucial role in oxidative metabolism, acting as
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Table 3

Expression levels of Cox6a2, Cox7al, and Cox8b genes by qPCR.
Sample Average Cr Average Cr AC? AACT? Relative

of target of GAPDH to mock

Cox6a2
Mock 35.82+040 19.71+0.03 16.11+£0.40 0.00 + 0.40 1.00
CCly 25.80+0.05 18.64+0.05 7.16+£0.07 -8.96+0.07 496.21
Silymarin  31.17+0.09 18.36+0.01 12.81+0.09 -3.30+0.09 9.84
Cox7al
Mock 29.98+0.10 19.71+0.03 10.27£0.11 0.00+0.11 1.00
CCly 2449+0.04 18.64+0.05 5.85+0.07 —4.42+0.07 21.36
Silymarin  29.10+0.11 1836+0.01 10.74+0.11 0.47 £0.11 0.72
Cox8b
Mock 32.81+0.11 19.71+£0.03 13.09+0.12 0.00+0.12 1.00
CCly 23.83+0.05 18.64+0.05 5.18+0.07 -7.91+0.07 240.38
Silymarin 31.97+0.29 1836+0.01 13.61+0.29 0.52+0.29 0.70

2 The ACr value is determined by subtracting the average GAPDH Cr value from
the average target gene Cr value. The standard deviation of the difference is cal-
culated from the standard deviations of the target gene and GAPDH.

b The calculation of AACy involves subtraction by the ACy calibrator value. This is
a subtraction of an arbitrary constant, so the standard deviation of AACt is the same
as the standard deviation of ACy value.

the terminal component of the mitochondrial electron-transport
chain in which electrons are passed from cytochrome c to molecu-
lar oxygen (Boyer, 1997). Previous studies showed that CCl, treat-
ment decreases the activity of NADH reductase and increases the
activity of Cox in rats with CCls-induced liver fibrosis (Krahenbuhl
and Reichen, 1992; Shiryaeva et al., 2008; Tanaka et al., 1987). Our
data also showed that the expression levels of Cox genes were ele-
vated by CCly. The decrease and damage of NADH reductase results
in electron leakage to ‘O,~ oxygen and superoxide anion produc-
tion, which lead to the increased oxygen consumption by the respi-
ratory chain of pathologic mitochondria. Subsequently, the
elevated activity of Cox by CCl, promotes the transfer of electrons
to molecular oxygen and drive the ATP production of the mito-
chondria (Shiryaeva et al., 2008). In contrast, previous study indi-
cated that silymarin inhibits the oxygen consumption in
mitochondria isolated from rats and increases the iron-reduced
NADH reductase activity to the basal level (Chavez and Bravo,
1988; Pietrangelo et al., 2002). Moreover, our data showed that
silymarin reduced the CCls-induced expression levels of Cox genes
to the basal levels as compared to mock. These findings suggested
that silymarin might counteract the mitochondrion electron-trans-
fer chain alteration by CCly, which might be associated with the
improvement of CCly-induced liver fibrosis by silymarin.

5. Conclusions

In conclusion, we applied for the first time the in vivo NF-xB
bioluminescent imaging and microarray analysis for the evaluation
and identification of the therapeutic potentials and novel mecha-
nisms of silymarin in CCls-induced liver fibrosis. The correlation
of NF-kB bioluminescence and liver fibrosis suggested the feasibil-
ity of NF-xB bioluminescent imaging on the evaluation of thera-
peutic potentials of drugs for the treatment of liver fibrosis.
Moreover, we newly identified that silymarin exhibited anti-fibro-
tic effects in vivo via regulating TGF-B-mediated pathways and
altering the expression of genes involved in cytoskeleton organiza-
tion and mitochondrion electron-transfer chain.
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Genipin is a natural blue colorant in food industry. Inflammation is correlated with human disorders, and
nuclear factor-xB (NF-kB) is the critical molecule involved in inflammation. In this study, the anti-inflam-
matory effect of genipin on the lipopolysaccharide (LPS)-induced acute systemic inflammation in mice
was evaluated by NF-kB bioluminescence-guided transcriptomic analysis. Transgenic mice carrying the
NF-kB-driven luciferase genes were administered intraperitoneally with LPS and various amounts of gen-
ipin. Bioluminescent imaging showed that genipin significantly suppressed LPS-induced NF-kB-depen-
dent luminescence in vivo. The suppression of LPS-induced acute inflammation by genipin was further
evidenced by the reductions of cytokine levels in sera and organs. Microarray analysis of these organs
showed that the transcripts of 79 genes were differentially expressed in both LPS and LPS/genipin groups,
and one third of these genes belonged to chemokine ligand, chemokine receptor, and interferon (IFN)-
induced protein genes. Moreover, network analysis showed that NF-kB played a critical role in the reg-
ulation of genipin-affected gene expression. In conclusion, we newly identified that genipin exhibited
anti-inflammatory effects in a model of LPS-induced acute systemic inflammation via downregulation

of chemokine ligand, chemokine receptor, and IFN-induced protein productions.

© 2012 Published by Elsevier Ltd.

1. Introduction

The fruit of Gardenia jasminoides Ellis is a medicinal herb that
has been used for the treatment of inflammation, jaundice, and he-
patic disorders in traditional Chinese medicine (Tseng et al., 1995).
Genipin is the aglycon of geniposide found in gardenia fruit (He
et al., 2006). Genipin has been used as a blue colorant in food

Abbreviations: BCR, B-cell receptor; CCL, chemokine (C-C motif) ligand; CXCL,
chemokine (C-X-C motif) ligand; ELISA, enzyme-linked immunosorbent assay;
GAPDH, glyceraldahyde-3-phosphate dehydrogenase; GO, gene ontology; Ifi202,
[FN-activated gene 202B; IFN, interferon; IL-1B, interleukin-1p; LAPTMS5,
lysosomal-associated protein transmembrane 5; LPS, lipopolysaccharide; MTT,
methylthiazolyldiphenyl-tetrazolium bromide; NF-«B, nuclear factor-xB; Nrarp,
Notch-regulated ankyrin repeat protein; PBS, phosphate-buffered saline; qPCR,
quantitative real-time polymerase chain reaction; RLU, relative luciferase unit; SNF,
sucrose nonfermenting protein; TNF-o, tumor necrosis factor-o.
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industry (Fujikawa et al., 1987). It also has been used as the
cross-linking agent for biological tissue fixation (Sung et al.,
1998). Genipin possesses a variety of pharmacological activities,
such as anti-microbial, hepatoprotective, and neurotrophic effects
(Yamamoto et al., 2000; Yamazaki and Chiba, 2008). Anti-topical
inflammatory potentials of genipin have also been reported (Koo
et al., 2004, 2006); however, the therapeutic effect and mechanism
of genipin on systemic inflammation in vivo remain to be clarified.

A wide range of human disorders, such as pneumonia, asthma,
rheumatic arthritis, neurodegenerative diseases and obesity, corre-
lates with inflammation (Amor et al., 2010; Thaler and Schwartz,
2010). Moreover, epidemiological studies have identified chronic
infections and inflammation as major risk factors for various types
of cancers (Karin, 2006). The development of inflammation is con-
trolled by various cytokines, such as interleukin-1 (IL-1B), tumor
necrosis factor-o. (TNF-a) and interferon-y (IFN-y) (Hanada and
Yoshimura, 2002). The production of cytokine is further controlled
by the transcription factor, nuclear factor-kB (NF-«xB) (Baldwin,
1996). NF-xB is an inducible nuclear transcription factor that con-
sists of heterodimers of RelA (p65), c-Rel, RelB, p50/NF-kB1, and
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P52/NF-kB2. NF-kB activity is induced by a large variety of signals,
such as bacteria, viruses, necrotic cell products, and inflammatory
cytokines. When stimulated, NF-kB binds to the NF-kB-responsive
element present in the promoter of inflammatory genes, leading to
the induction of gene expression. Accordingly, NF-kB is a critical
molecule involved in the regulation of inflammatory cytokine pro-
duction and inflammation (Bonizzi and Karin, 2004).

We have previously applied NF-kB bioluminescent imaging to
assess the host inflammatory responses to Antrodia camphorata,
vanillin, and biomaterials in vivo (Ho et al., 2007; Hseu et al,,
2010; Hsiang et al., 2009; Wu et al., 2009). Transgenic mice carry-
ing the NF-kB-driven luciferase genes were used to monitor the
host inflammatory responses, and the anti-inflammatory mecha-
nism was further analyzed by transcriptomic tools. In this study,
we applied such a platform to evaluate the anti-inflammatory po-
tential of genipin in an in vivo model of lipopolysaccharide (LPS)-
induced acute systemic inflammation. Our findings showed that
genipin exhibited systemic anti-inflammatory effects in vivo via
inhibiting the expressions of chemokine ligand, chemokine recep-
tor, and IFN-induced protein genes.

2. Materials and methods
2.1. Materials

LPS was purchased from Sigma (St. Louis, MO) and dissolved in phosphate-buf-
fered saline (PBS) (137 mM NacCl, 1.4 mM KH,PO,4, 4.3 mM Na,HPO,4, 2.7 mM KCl,
pH 7.2). Genipin was purchased from Wako (Osaka, Japan). Methylthiazolyldiphe-
nyl-tetrazolium bromide (MTT) was purchased from Sigma (St. Louis, MO) and dis-
solved in PBS at 5 mg/ml. p-Luciferin was purchased from Xenogen (Hopkinton,
MA) and dissolved in PBS at 15 mg/ml. Mouse monoclonal antibodies against IL-
1B and TNF-o0 were purchased from Santa Cruz (Santa Cruz, CA).

2.2. Cell culture and genipin treatment

Recombinant HepG2/NF-kB cells, which contained the luciferase genes driven
by NF-xB-responsive elements, were constructed as described previously (Ho
et al., 2007). HepG2/NF-xB cells were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum. For genipin treatment, cells
were cultured in 96-well plates at 37 °C. Twenty-four hours later, cells were treated
with 100 ng/ml LPS and various amounts of genipin for an additional 24 h.

2.3. Luciferase assay and cell viability assay

Luciferase assay was performed as described previously (Ho et al., 2007). Rela-
tive NF-xB activity was calculated by dividing the relative luciferase unit (RLU) of
treated cells by the RLU of untreated cells. Cell viability was monitored by MTT col-
orimetric assay as described previously (Ho et al., 2007). Cell viability (%) was cal-
culated by (OD of genipin-treated cells/ OD of solvent-treated cells).

2.4. Animal experiments

Mouse experiments were conducted under ethics approval from the China Med-
ical University Animal Care and Use Committee (Ethics Approval Number 97-28N).
Transgenic mice, carrying the luciferase genes driven by NF-kB-responsive ele-
ments, were constructed as described previously (Ho et al., 2007). All transgenic
mice were crossed with wild-type F1 mice to yield NF-xB-luc heterozygous mice
with the FVB genetic background.

A total of 25 transgenic mice (female, 6 to 8 weeks old) were randomly divided
into five groups of five mice: (1) mock, no treatment; (2) LPS (4 mg/kg), (3) LPS plus
genipin (1 mg/kg), (4) LPS plus genipin (10 mg/kg), and (5) LPS plus genipin
(100 mg/kg). Mice were challenged intraperitoneally with LPS and then with geni-
pin 10 min later. Four hours later, mice were imaged for the luciferase activity, and
subsequently sacrificed for ex vivo imaging, RNA extraction, and immunohisto-
chemical staining.

2.5. In vivo and ex vivo imaging of luciferase activity

For in vivo imaging, mice were anesthetized with isoflurane and injected intra-
peritoneally with 150 mg/kg luciferin. Ten minutes later, mice were placed face up
in the chamber and imaged for 1 min with the camera set at the highest sensitivity
by IVIS Imaging System® 200 Series (Xenogen, Hopkinton, MA). Photons emitted
from tissues were quantified using Living Images® software (Xenogen, Hopkinton,
MA). For ex vivo imaging, mice were anesthetized and injected with luciferase

intraperitoneally. Ten minutes later, mice were sacrificed and tissues were rapidly
removed. Tissues were placed in the IVIS system and imaged with the same setting
used for in vivo studies. Signal intensity was quantified as the sum of all detected
photon counts per second from tissues and presented as photon/s.

2.6. Cytokine enzyme-linked immunosorbent assay (ELISA)

IL-1B and TNF-a were quantified by ELISA with the OptEIA™ mouse IL-1B and
TNF-o sets (Pharmingen, San Diego, CA). Sera were placed into wells that were
coated with monoclonal antibody against IL-18 or TNF-o. After three washes with
0.05% Tween 20 in PBS, peroxidase-conjugated avidin, biotinylated antibody against
IL-1B or TNF-a, and chromogenic substrate were added to each well in that order.
The absorbance at 450 nm was measured in an ELISA plate reader.

2.7. Immunohistochemical staining

Parafilm-embedded organs were cut into 5-um sections, deparaffinized in xy-
lene, and then rehydrated in graded alcohol. Endogenous peroxidase was quenched
with 3% hydrogen peroxide in methanol for 15 min and the nonspecific binding was
blocked with 1% bovine serum albumin at room temperature for 1 h. Sections were
incubated with mouse monoclonal antibody against IL-1B or TNF-a at 1:50 dilution
overnight at 4 °C and then incubated with biotinylated secondary antibody (Zymed
Laboratories, South San Francisco, CA) at room temperature for 20 min. Finally,
slides were incubated with avidin-biotin complex reagent and stained with 3,3'-
diaminobenzidine according to manufacturer’s protocol (Histostain®-Plus Kit,
Zymed Laboratories, South San Francisco, CA). IL-1p- and TNF-o-positive areas were
measured using Image-Pro Plus (Media Cybernetics, Bethesda, MD) to quantify the
expression levels of IL-1B and TNF-o.. The proportions of IL-1B- and TNF-o-positive
areas (%) were calculated as areas occupied with brown color/area of whole tissue.

2.8. Microarray analysis

Total RNA was extracted from brain, heart, liver, or kidney using the RNeasy
Mini kit (Qiagen, Valencia, CA). Total RNA was quantified and evaluated as de-
scribed previously (Cheng et al., 2010). Microarray analysis was performed as de-
scribed previously (Cheng et al., 2010). Briefly, fluorescence-labeled RNA targets
were prepared from 5 pg of total RNA using MessageAmp™ aRNA kit (Ambion, Aus-
tin, TX) and Cy5 dye (Amersham Pharmacia, Piscataway, NJ). Fluorescent targets
were hybridized to the Mouse Whole Genome OneArray™ (Phalanx Biotech Group,
Hsinchu, Taiwan), and the slides were scanned by an Axon 4000 scanner (Molecular
Devices, Sunnyvale, CA). Number of replicates was three. The Cy5 fluorescent inten-
sity of each spot was analyzed by genepix 4.1 software (Molecular Devices, Sunny-
vale, CA). The signal intensity of each spot was corrected by subtracting background
signals in the surrounding. We filtered out spots that signal-to-noise ratio was less
than 0 or control probes. Spots that passed these criteria were normalized by the
limma package of the R program. Normalized data were tested for differential
expression using the Gene Expression Pattern Analysis Suite v3.1 (Montaner
et al., 2006). Genes with fold changes >2.0 or <—2.0 were selected and analyzed
by gene ontology (GO) on Gene Ontology Tree Machine (http://bioinfo.vander-
bilt.edu/gotm/) (Zhang et al., 2004). We used the WebGestalt tool to test significant
GO terms. The hierarchical clustering analysis of differential expressed genes was
further performed and displayed using the TIGR Multiexperiment Viewer (http://
www.tm4.org/index.html). Furthermore, we constructed the interaction networks
of differential expressed genes using BiblioSphere Pathway Edition software (Gen-
omatix Applications, http://www.genomatix.de/index.html). Microarray data are
MIAME compliant and the raw data have been deposited in a MIAME compliant
database (Gene Expression Omnibus, accession number GSE35934).

2.9. Quantitative real-time polymerase chain reaction (qPCR)

The expression levels of IFN-induced protein genes, including IFN-inducible
GTPase (ligp1) and IFN-activated gene 202B (Ifi202) genes, in the brains of three
mice per group were validated by qPCR. RNA samples were reverse-transcribed
for 2 h at 37 °C with High Capacity cDNA Reverse Transcription kit (Applied Biosys-
tems, Foster City, CA). qPCR was performed using 1 pl of cDNA, 2x SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA), and 200 nM of forward and re-
verse primers. The reaction condition was followed: 10 min at 95 °C, and 40 cycles
of 15 s at 95 °C, 1 min at 60 °C. Each assay was run on an Applied Biosystems 7300
Real-Time PCR system in triplicates. Primer sets used in this study were designed
using Primer3 program (http://frodo.wi.mit.edu/primer3/). The specificities of pri-
mer sets were analyzed by nucleotide BLAST (http://blast.ncbi.nlm.nih.gov/Blas-
t.cgi). Each primer set was able to amplify a target DNA fragment from the
respective gene with specificity. The primer set for each gene is followed: ligp1 for-
ward, 5'-CTTGACATGGTGACTGAGGATG-3'; ligp1 reverse, 5'-AGGTGGATAAAGCCC-
GAATAAC-3'; 1fi202 forward, 5-AAGGCTGGTTGATGGAGAG-3'; Ifi202 reverse, 5'-
GTCAATTCAAAGCAGACAAGTC-3";  glyceraldahyde-3-phosphate dehydrogenase
(GAPDH) forward, 5'-TCACCCACACTGTGCCCATCTATGA-3'; GAPDH reverse, 5'-GAG-
GAAGAGGATGCGGCAGTGG-3'.
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Fig. 1. Effect of genipin on the LPS-induced NF-xB activation in HepG2/NF-«B cells. HepG2/NF-kB cells were exposed to 100 ng/ml LPS and/or various concentrations of
genipin. After a 24-h incubation at 37 °C, NF-kB activity and cell viability were measured by luciferase assay and MTT assay, respectively. Bars represent relative NF-xB
activity, which is presented as the comparison with RLU relative to solvent-treated cells. Line represents cell viability, which is presented as the comparison with the OD

relative to solvent-treated cells. Values are mean + standard error of triplicate assays.
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Fig. 2. NF-kB-dependent bioluminescence in living mice. Transgenic mice were intraperitoneally administered with 4 mg/kg LPS and/or various amounts of genipin. Four
hours later, mice were injected intraperitoneally with p-luciferin and imaged for 1 min. In vivo imaging is shown on the top. The color overlay on the image represents the
photon/s emitted from the animals, as indicated by the color scale. Photos are representative images (n = 5/group). Quantification of photon emission from the whole body is
shown on the bottom. Values are mean = standard error. #p < 0.05, compared with mock. *p < 0.05, **p < 0.01 compared with LPS.

2.10. Statistical analysis

Data were presented as mean + standard error. Data were analyzed by one-way
ANOVA and post hoc LSD test using PASW Statistics (SPSS) version 12. A p value less
than 0.05 was considered as statistically significant.

3. Results
3.1. Genipin suppressed LPS-induced NF-kB activities in vitro and
in vivo

To evaluate the effect of genipin on the LPS-induced NF-xB
activity, we first treated recombinant HepG2/NF-kB cells with
LPS and various amounts of genipin. LPS significantly induced

NF-xB activity by 1.8-fold, while genipin significantly inhibited
LPS-induced NF-kB activation in a dose-dependent manner
(Fig. 1). No cytotoxicity was observed during treatment. These
findings indicated that genipin suppressed LPS-induced NF-xB
activity in vitro.

Next, we treated mice with LPS and various amounts of genipin,
and NF-kB-driven luciferase activity was evaluated by in vivo
imaging 4 h later. As shown in Fig. 2, LPS induced an approximately
14.7-fold increase of NF-kB-driven luminescent intensity in mice.
Strong luminescent signals were emitted from the abdominal re-
gion of LPS group. However, genipin significantly suppressed the
LPS-induced luminescence in vivo, and the inhibition displayed a
dose-dependent manner (1, 10, and 100 mg/kg). These findings
indicated that genipin suppressed LPS-induced NF-xB activity

Please cite this article in press as: Li, C.-C., et al. Genipin inhibits lipopolysaccharide-induced acute systemic inflammation in mice as evidenced by nuclear
factor-kB bioluminescent imaging-guided transcriptomic analysis. Food Chem. Toxicol. (2012), http://dx.doi.org/10.1016/j.fct.2012.05.054

213
214
215
216
217
218
219
220
221
222
223
224
225
226


http://dx.doi.org/10.1016/j.fct.2012.05.054

227
228
229
230
231

232
233

234

FCT 6666
14 June 2012

No. of Pages 9, Model 5G

4 C.-C. Li et al./Food and Chemical Toxicology xxx (2012) XXx—XxXX

Heart

Mock

LPS

LPS/
Genipin

100

O Mock

LPS
80+
E LPS/Genipin

60 -

40 1

Relative intensity

20

Heart

Lung

Lung

Liver Spleen Kidney

-

e

L

G

N[l

Liver Spleen Kidney

Fig. 3. NF-kB-dependent luminescence in individual organs. Transgenic mice were administered with 4 mg/kg LPS and/or 100 mg/kg genipin. Four hours later, mice were
injected intraperitoneally with p-luciferin. Five minutes later, mice were sacrificed, and organs were excised rapidly and subjected to image. Photos ate representative images
(n =5/group). Quantification of photon emission from organs is shown at the bottom. Results are expressed as relative intensity, which is presented as the comparison with
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Fig. 4. Effect of genipin on the LPS-induced IL-1p and TNF-o productions.
Transgenic mice were intraperitoneally injected with 4 mg/kg LPS and/or 100 mg/
kg genipin. The levels of IL-1B and TNF-a in sera were measured by ELISA. Values
are mean + standard error (n =5/group). **p <0.01, **#p <0.001, compared with
mock. “**p <0.001, compared with LPS.

in vivo, and we chose 100 mg/kg genipin for further experiments.
Since our previous study has demonstrated that NF-kB-driven bio-
luminescence is correlated with inflammatory responses, these
data suggested that genipin suppressed LPS-induced acute sys-
temic inflammation in vivo.

3.2. Genipin suppressed LPS-induced NF-kB activities in various
organs

We performed ex vivo imaging to elucidate the target organs
that genipin acted on. As shown in Fig. 3, LPS significantly en-

p <0.001, compared with mock. ***p < 0.001, compared with LPS.

hanced the NF-kB-dependent luminescence in brain, heart, lung, li-
ver, spleen, and kidney. Administration of genipin reduced LPS-
induced bioluminescent intensities in brain, heart, liver, and kid-
ney. The induction of genipin in brain, heart, and kidney displayed
significant differences. Therefore, we analyzed the cytokine pro-
ductions by ELISA and immunohistochemical staining, and col-
lected RNA samples from these organs for DNA microarray
analysis.

3.3. Genipin suppressed LPS-induced IL-1p and TNF-o productions

IL-1B and TNF-o are proinflammatory cytokines that initiate the
acute-phase responses and lead to inflammation (Hanada and
Yoshimura, 2002). We further analyzed the productions of IL-1p
and TNF-o by ELISA and immunohistochemical staining to validate
whether genipin inhibited systemic inflammation. As shown in
Fig. 4, the concentrations of IL-1B and TNF-a in sera from LPS-given
mice were 969 +47 and 339 + 25 pg/ml, respectively. However,
administration of genipin decreased the levels of IL-1B and TNF-o
productions. Immunohistochemical staining with antibodies
against IL-1B and TNF-a revealed that, in comparison with mock,
there were many brown IL-1B- or TNF-a-reactive cells in LPS-trea-
ted organs, and the proportions of brown areas were significantly
increased by LPS (Fig. 5). However, the proportions of IL-1B- or
TNF-o-reactive areas were significantly decreased by genipin in
these organs. Genipin decreased the levels of IL-1B and TNF-a in
sera and organs, suggesting that genipin suppressed LPS-induced
systemic inflammation via the inhibition of proinflammatory
cytokine production.
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both LPS and LPS/genipin groups. Differentially expressed genes were organized using

Gene Ontology Tree Machine. The enriched GO categories (p <0.01 and at least two genes) are shown.

3.4. Microarray analysis of genipin-regulated gene expression profile

Microarray data were analyzed by Gene Expression Pattern
Analysis Suite v3.1 to test for the differential expressed genes in

brain, heart, liver, and kidney treated with LPS and/or genipin. In
a total of 30,968 genes, the transcripts of 79 genes were differen-
tially expressed in both LPS and LPS/genipin groups. We further
used the WebGestalt tool to annotate these genes and to get an
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Fig. 7. Hierarchical clustering analysis of differential expressed genes in brain, heart, kidney, and liver in both LPS and LPS/genipin groups. Normalized log, expression values
are color-coded according to the legend on the top. Increased transcript levels are colored red and decreased levels are colored green. (For interpretation of the references to

color in this figure legend, the reader is referred to the web version of this article.)

overview of cellular physiological status altered by genipin in these
organs. GO categories were considered if they contained at least
two genes and their p values were below 0.01. As shown in
Fig. 6, most differential expressed genes were grouped into immu-
nity-related GO categories, such as antigen processing and presen-
tation, regulation of B cell proliferation, inflammatory responses,
and acute-phase response. Only few genes were associated with
metabolism.

The expression patterns of these genes were further assessed by
hierarchical clustering analysis and visualized by TIGR Multiexper-
iment Viewer. It was interesting to find that the expression levels
of LPS-affected genes were reversed by genipin in these organs
(Fig. 7). LPS activated the expressions of most genes, while genipin
downregulated the LPS-induced gene expression. Only 5 genes,
including endothelial-specific receptor tyrosine kinase, Notch-reg-
ulated ankyrin repeat protein (Nrarp), SH3-binding kinase 1, su-
crose nonfermenting protein (SNF)-related kinase and lysosomal-
associated protein transmembrane 5 (LAPTM5) genes, were down-
regulated by LPS, while genipin activated the LPS-repressed
expressions of these genes. Additionally, about one third of genes

belonged to chemokine ligand, chemokine receptor, and
IFN-induced protein genes. These findings suggested that genipin
suppressed LPS-induced inflammation by downregulation of che-
mokine ligands, chemokine receptors, and IFN-induced proteins.
The relationship between differential expressed genes was fur-
ther analyzed by Genomatix Applications software based on
knowledgebase. Genes were correlated based on the literatures,
the Genomatix Knowledge Base, and the promoter DNA sequence
analysis. Interestingly, most genes were directly connected to
NF-xB and NF-kB seemed to be in the central part of the network
(Fig. 8). These findings suggested that NF-xB may play a central
role in the regulation of genipin-affected gene expression network.

3.5. Verification of expression levels of novel genipin-regulated genes
by qPCR

Microarray analysis showed that one third of differentially ex-
pressed genes belonged to chemokine ligand, chemokine receptor,
and IFN-induced protein genes, so we validated microarray data by
gPCR analysis. We quantified the expression levels of IFN-induced
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Fig. 8. Network analysis of differentially expressed genes in brain, heart, kidney, and liver in both LPS and LPS/genipin groups. Input genes are marked with IN. Gene that codes
for a transcription factor is marked with TF. The product of the gene marked with ST is part of a Genomatix signal transduction pathway. If a gene that codes for a transcription
factor is connected to a gene that is known to contain a binding site for this transcription factor in its promoter, the connecting line is colored green over half of its length near
the gene containing the binding site. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 1
Expression levels of ligp1 and Ifi202 genes by qPCR.

Sample Average Cr of target Average Cr of GAPDH ACGH? AACP Relative to mock
ligp1

Mock 26.10 £ 0.04 17.13 £ 0.05 8.96 + 0.06 0.00 + 0.06 1.00

LPS 23.31+0.05 17.07 £0.02 6.24 + 0.06 —2.72£0.06 6.62
LPS/Genipin 23.84 £0.07 17.25 +0.01 6.59 +0.08 -2.37+0.08 517

1fi202

Mock 32.11+0.11 17.13 £0.05 14.97 £0.12 0.00+0.12 1.00

LPS 26.25 £ 0.04 17.07 +0.02 9.18 £0.05 —5.79 £ 0.05 55.40
LPS/Genipin 27.40 £0.02 17.25+0.01 10.15 +0.02 —4.82+0.02 28.33

? The ACr value is determined by subtracting the average Cr value of GAPDH gene from the average Cr value of target gene. The standard deviation of the difference is

calculated from the standard deviations of the target gene and GAPDH gene.

" The calculation of 4ACr involves subtraction by the AC; calibrator value. This is a subtraction of an arbitrary constant, so the standard deviation of 4ACy is the same as

the standard deviation of ACy value.

protein genes, including ligp1 and I1fi202 genes, by qPCR because
the expressions of these genes were directly regulated by NF-xB
in the network analysis. As shown in Table 1, the expression levels
of ligp1 and Ifi202 genes in LPS group were 6.62- and 55.4-fold,
respectively, as compared with mock group. However, LPS-upreg-
ulated gene expression was downregulated by genipin, and the
expression levels of ligp1 and 1fi202 genes in LPS/genipin group
were 5.17- and 28.33-fold, respectively, as compared with mock
group. The consistency of qPCR data and microarray analysis indi-
cated that genipin downregulated the LPS-induced expression of
ligp1 and Ifi202 genes.

4. Discussion

Genipin is a natural iridoid compound and an aglycon of genipo-
side found in gardenia fruit. It has been used as a natural blue color-
ant for staining food. Several reports have shown that genipin
exhibits anti-inflammatory effects in cell models, such as LPS-trea-
ted brain microglial cells, LPS-stimulated murine macrophages,
intact human erythroleukemia cells, and intact rat adrenal pheo-
chromocytoma cells (Nam et al., 2010; Park et al., 2010). Addition-
ally, previous studies indicated that genipin possesses significant
topical anti-inflammatory effects by inhibiting carrageenan-in-
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Fig. 9. Schematic diagram illustrates the molecular mechanism of anti-inflammatory effects of genipin in the LPS-induced acute systemic inflammation. Anti-inflammatory
effect of genipin in mice was evaluated by NF-kB bioluminescence-guided transcriptomic analysis. Genipin suppressed LPS-induced systemic inflammation via the inhibition
of inflammatory cytokine production and the downregulation of chemokine ligand, chemokine receptor, and IFN-induced protein genes. Moreover, genipin inhibited the
expression of novel anti-inflammatory targets, such as IFN-inducible GTPase, which plays critical roles in mediating innate resistance to intracellular pathogens, and Ifi202,

which is an important NF-kB activator in dendritic cells.

duced paw edema in rats, croton oil-induced ear edema in mice, con-
canavalin A-induced hepatitis in mice, HCl/ethanol-induced gastri-
tis in rats, and LPS-induced brain inflammation in rats (Koo et al.,
2006, 2004; Lee et al., 2009; Mase et al., 2010). In this study, we
found that intraperitoneal administration of genipin led to the inhi-
bition of LPS-induced NF-kB activities and cytokine productions in
many organs. These findings suggested that genipin exhibited not
only topical but also systemic anti-inflammatory potential in vivo.
In this study, we applied NF-kB-driven bioluminescent imaging
to monitor the anti-inflammatory potential of genipin in an in vivo
model of LPS-induced acute systemic inflammation. LPS is the
major integral structural component of the outer membrane of
Gram-negative bacteria. Release of LPS from Gram-negative bacte-
ria activates cells, such as macrophages and neutrophils, to pro-
duce proinflammatory cytokines. The production of cytokine
subsequently leads to the expression of adhesion molecules and
the recruitment of inflammatory cells (Andonegui et al., 2003). It
has been shown that LPS binds to the Toll-like receptor 4/CD14
complex, activates the NF-kB, and then up-regulates the expres-
sions of proinflammatory cytokine genes, such as TNF-o, IL-18,
and IL-6 (Andonegui et al., 2003). Additionally, previous study
has demonstrated that LPS produces its effect largely on pivotal or-
gans, such as liver, kidney, spleen, lung, and heart (Mathison and
Ulevitch, 1979). In this study, LPS-induced acute systemic inflam-
mation was evidenced by elevations of cytokine levels in sera
and organs. LPS-induced NF-kB-dependent bioluminescence in
whole body was consistent with previous observations of NF-kB
activation caused by systemic administration of LPS. Moreover,
LPS-induced NF-kB activation was observed in heart, liver, spleen,
and kidney, which have been known to be the major organs af-
fected by LPS treatment. Therefore, these findings suggested that
NF-kB-driven bioluminescent imaging could be used to reflect
the real-time inflammatory status in vivo. Furthermore, in addition
to the previous known organs, LPS also produced its effect on brain.
NF-kB bioluminescent imaging showed that LPS-induced NF-xB
activities in brain, heart, liver, and kidney were suppressed by gen-
ipin. The gene expression profiles of these organs were further ana-
lyzed to elucidate the anti-inflammatory mechanisms of genipin.
GO classification showed that differential expressed genes be-
longed to the immunity-related GO categories. Moreover, it was
interesting to find that the expression levels of LPS-affected genes
were reversed by genipin. It was noticed that LPS activated the
expressions of most genes except endothelial-specific receptor

tyrosine kinase, Nrarp, SH3-binding kinase 1, SNF-related kinase,
and LAPTM5 genes. LAPTM5 is a lysosomal protein specially ex-
pressed in the myeloid and lymphoid lineages. LAPTM5 negatively
regulates the cell surface B-cell receptor (BCR) levels and B cell
activation by promoting BCR degradation in the lysosomal
compartment of mouse cells (Ouchida et al., 2010). Nrarp is a small
protein that is transcriptionally regulated by Notch signaling
pathway. Previous study has shown that Nrarp specifically inhibits
T cell development in the hematopoietic system (Yun and Bevan,
2003). Endothelial-specific receptor tyrosine kinase is a receptor
that critically involves in the formation of embryonic vasculature.
Previous studies have shown that phosphorylation of endothe-
lial-specific receptor tyrosine kinase recruits and activates A20
binding inhibitor of NF-kB2, leading to the suppression of NF-kB
activation (Hughes et al., 2003). LPS downregulated the expres-
sions of endothelial-specific receptor tyrosine kinase, Nrarp, and
LAPTMS5 genes, suggesting that LPS might promote B cell activa-
tion, T cell development, and NF-kB activation. However, genipin
might abolish the LPS-induced B cell activation, T cell develop-
ment, and NF-kB activation via upregulation of these genes.
Among 79 differential expressed genes, 74 genes were upregu-
lated by LPS and downregulated by genipin, and about one third of
these genes belonged to chemokine ligand, chemokine receptor,
and IFN-induced protein genes. Helper T cell Ty1 attractant genes,
such as chemokine (C-X-C motif) ligand 9 (CXCL9), CXCL10 and
chemokine (C-C motif) ligand (CCL5), were upregulated by LPS
and downregulated by genipin in this study. CXCL9 (also known
as monokine induced by IFN-y) and CXCL10 (also known as IFN-
v-inducible protein 10) stimulate the chemotaxis of activated
CXCR3-positive T cells and natural killer cells in vitro. They are also
pivotal for T cell migration in infectious and chronic inflammatory
diseases (Ellis et al., 2010). CCL5 (also known as RANTES) generally
produces later in immune responses and contributes to augmenta-
tion of the adaptive immune responses (O’Sullivan et al., 2010). In
addition to these chemokines, some IFN-induced proteins were af-
fected by LPS. For examples, IFN-inducible GTPase and IFN-vy-
inducible protein 47 belong to immunity-related GTPases, which
play critical roles in mediating innate resistance to intracellular
pathogens (MacMicking, 2004). IFN-activated gene 202B (Ifi202)
belong to the IFN-inducible 200-protein family. Ifi202 is an impor-
tant NF-xB activator in dendritic cells and involved in IL-12 pro-
duction in BWF1 mice (Yamauchi et al., 2007). IFN induced with
helicase C domain 1 serves as a cytoplasmic sensor for virus infec-
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tions and activates the antiviral immune responses (Balan et al.,
2006).

5. Conclusions

In conclusion, previous studies indicated that genipin possesses
topical anti-inflammatory potential by suppressing cytokine and
nitric oxide productions, or by inhibiting lipid peroxidation (Amor
et al., 2010; Nam et al., 2010; Park et al., 2010). Additionally, gen-
ipin enhances the anti-inflammatory capacity via upregulation of
heme oxygenase-1 in macrophages (Jeon et al., 2011). In this study,
we found that genipin exhibited systemic anti-inflammatory ef-
fects in the LPS-induced acute systemic inflammation model.
Moreover, genipin suppressed LPS-induced inflammation via new-
ly identified mechanisms, including downregulation of chemokine
ligand, chemokine receptor, and IFN-induced protein productions
(Fig. 9). These findings suggested that genipin could be a potent
candidate for the treatment of systemic inflammation.
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