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Number: CCMP96-RD-201

Resear ch and Development of Chinese
Medicinal Herbsfor Anti-Liver
Diseases by the Genomic-Based

Platform (2-1)

Tin-Yun Ho
China Medical University

ABSTRACT

Aim:
Although several herbal formulae and herbal comptmédiave been used in

patients with liver diseases, their applicationsx@w drug development remain to be
discovered.

M ethod:

We apply microarray technology to analyze and erptae modern biological
activities of medicinal herbs. The gene expresdaabases established in this project
can further provide the basis for the herb-activilationship, modern definition of
Traditional Chinese Medicine (TCM), new drug deyateent, and preclinical drug
safety analysis.

Results and Discussion:

Microarray data have been used for the developmienew drugs. For examples,
we treated human hepatocytes with herbal compoantte dosages of F@nd TG,
and analyzed microarray data by Cluster and Genwl@yy Tree Machine. Our
results indicated that most herbal compounds a&ftectusters of genes involved in
cell cycle and apoptosis. Genes down-regulateddripah compounds were grouped
into three gene ontology categories, including l&tipn of cellular process, cell cycle,
and death. Furthermorksmeans clustering analysis showed that a clustactfator
protein 1-regulated genes was down-regulated blyah@ompounds. Microarray data
have also been used for the evaluation of drugysdfer examples, we found that the
expressions of genes (UDP glycosyltransferasesjvad in phase Il drug metabolism
were reduced during anthraquinone compounds tredsmé&hese findings suggested

that anthraquinone compounds may slow down theeéigor of drugs, leading to
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increase the half-life of drugs. Furthermore, mecray data have been used for the
modern definition of Traditional Chinese MedicinEor examples, San-Huang-
Xie-Xin-Tang (SHXXT) has been used for the treattmehliver diseases for years.
Gene set enrichment analysis indicated that SHXXd &s herbal components
displayed a unique anti-proliferation pattern vi&8pp53 activated, and DNA damage
signaling pathways in HepG2 cells. Network analystowed that most
SHXXT-affected genes were regulated by a centralecutar, p53. Additionally,
hierarchical clustering analysis showed that Rhizo@optis shared a similar gene
expression profile with SHXXT. These findings magpkain why Rhizoma Coptis is
the principal herb that exerts the major and legdifiects in the herbal combination
SHXXT in TCM. Moreover, this is the first time t@wveal the relationship between
formulae and their herbal components in TCM by pacray analysis and
bioinformatics tools.

Keywords: liver diseases, Chinese medicinal hédb&\ microarray
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FERR TS Az e s bl 4eiFpE 12971 (alcoholic liver disease ALD ) -
3+ (hepatitis)~ #+# i+ ( cirrhosis) £2 3+ m #z *4 % (hepatocellular carcinoma
HCC) % » Bhd B8 A 28t 2 72> A W HCC 47|23 5 7 % B )2 2
%% %]+ (Llovetetal, 2003 fy ez b Fivzt i 2 =% 107 4 ¢ ifu
7 500 % HCC % ) (Llovet etal., 2003 ; ¥ ¢ > AR B SVEPH L
B8 FRRERS - F LR Fl2 - (Lieber, 1993 < 2@ » ¢ F 475
R sy AR B E T F S 0 blde] %778 (sho-saiko-to or
xiao-chai-hu-tang £ #: %% ;5%+;8 (long-dan-tan {iér}ﬁf'&'b‘_ﬂff:}% ek S
= (Chou et al., 2003; Hsu et al., 20063 p % ¥ gﬁﬁfﬂp}%‘ RGP
FEe & B RIS A FOBERAP > F > FHETHF LAY
DNA i 7 3ot (microarray) i — 4 E 31 4 45 H B4 2 $o o st 5y 1 &

DNA Hcrd 71 Fojts 19954’%%%9 A ERAEFEAFLAR Y F
23T A FlehE & 1 £ (Schena et al., 1995 DNA #crd 7| 3t 438 31 2L 7] B
W T AL i R A 47 B (fingerprints) B lg HEF Y 5 blde 0 %
A3 RRE A L O FS DNACL B 71 o B IRA 5 7 P ehAk
¥4 BB (Gasch etal., 2000 4p B 577 7 © A * > & i enfh r]%f'%‘i’x:‘ﬂ
”’L% BB FRA Tk s B el A (Altenheln et al., 2006 + ¥ % I &
Bk Ap M e i s 5 (Gilchrist et al., 2006 # % » DNA zéiﬂﬁt;uu;tﬁf,@_
Tk b o» AR TR B M auT 7 22 4 ) (Sorlie et al.,, 2001Pomeroy et al.,
2002; Pittman et al., 2004 & £ vt i d 4 0 ihim iz 7 e Sl F1 4R
(Perou et al., 2000; Ross et al., 2000; Scherf.e2800; Ramanathan et al.,
2005; Bild et al., 2008 p* ¢k » & ZF LAY > 2 F X R HES LR
P )Esmffﬁ BEAFI ARl T TR 8- HIEFE T B o5 oL 7 &
B a DNA Bcrf s B in vitro 2 LB 47enT S F > P A< |/ # 30
e enéF £ (Scherf et al., 2000; Gunther et al., 2003

ﬂ?%%f%ﬁﬁﬁﬁw@“ﬁ%4E’W&Fﬂ§$%§L¥WF
(F RS S e o AR T RN lﬁﬂ,z%,ﬁ A ITH ik F Wi R o7& £ DNA
ML P PR et AR S B2 AT A BB DL R > b4 PC-SPESY
iz ~BHERZEFTH D F Y (Sutelariabaicalensis) ~ 4 % (Glycyrrhiza
glabra) -~ %z (Ganodermalucidum) -~ 4% #42 (lsatisindigotica) ~ = -
( Panax pseudo-ginseng ) ~ i = ( Dendranthema morifolium) ~ 5 ¥ ( Rabdosia
rebescens) £ 53512 4% (Serenoa repens) o #-ipdt H rR &5 3T 5 E;]"\f%'

(Kubota et al., 2000; Small et al., 2000 * i&—- # & $7 ' #H A F1 L B
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%3l 4 2 %% (Hsieh et al., 2003Rho et al., 200%; % * @44 ¢ g > H
;gijﬂ 13 & > ¥ (Curcumalonga) #7372 M E 3 g a»cd (Huang et

., 1988) > 1% DNA 7|3t pei 474 (7% B > ¥ REF #’u}%’p i & 2
. P%*‘foy}%)%, wi A i AR BE A Flehd o i@ PR e it £ (Chenetal,
2004) -
Pren 3 2o FEF et AN
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— ~ %73k DNA 4 Flicrd 7

L % % 13 fk DNA #& et 7] (Human Whole Genome OneArrd)
ftp Phalanx Biotech Group(Hsinchu- Taiwan) - Human Whole Genome
OneArray" ¢ 7 32,0501 % % 3 fedF 40 % B4 424 60-mersnd ¢ H ik
Whw o o s iFeLY > 28201 >t Biocartafr KEGG 4% E 3 31f#ch
] > 18,824 k34 * *04¢ L7 F CGAPFHE $ :f2ehih ¥ @ 3276 B 4
~ ¢ 17 Entrez gene probes collectich# - 542 =~ p % { i~ #H d 3783
B > Unigene VI75:rfachil Flaf 2 o & fs > 40 » 22651 d 9 %37 % 5%
1 enfF g4 10821 * ¥t 8] g 1 A 23860 32,0501 % 1 AR
& o
-~ g

AR etk (HepG2) pbp & 51 ¥4 E &~ 7 #r (Hsinchu»
Taiwan) - HepG2:m*z 4 ;% a-fetoproteins: * ,i’ﬁ B ”‘JP‘?—% é 7144 ( Knowles
and Aden, 1983 - # F1 £ ‘7 HepG2/AP-1ir HepG2/NF«B m#z 4 % 3
AP-1{- NF-«B responsive element#- i luciferasezk 7] » H 24> j2 4oz
3R 2 #rift (Hsiang et al., 2005 - ‘w232 & & 75T = 2 4 dtissue culture
flasks ¥ > p 2/’]‘ ‘v 10%2 F i) £ % (FBS) (HyClone, Logan, UT,
USA) > 100pg/ml streptomycinf= 100 unit/ml penicillin:©» Dulbecco modified
Eagle’s medium (DMEM ) (Life Technologies, Gaithersburg ,MD, USA-
I AERE S 37C ' 5% CQ s & 45 o
R I

% 3 % (vanillin) ptp Sigma (St. Louis, MO, USA - = % igw #F ~
AR RS en i EREp GMP ZRUL >3 "L & (Taipei> Taiwan)
1,4-naphthoquinoneé- 3% p & £ bclsiz PR sks o /X ﬁ*"fr’ 1,4-naphthoquinone
,P % f2+ dimethyl sulfoxides %1% 2.-30C » @ 100 Nz g geFE SR o
R AR BB AA 500 miagvk T B AC- ko X o Tl MB‘WH\"
B3 121CY 273 B8RP F 15440 & ;ﬂ@m,.wg %43 3-70C -
£ 0 P 3 & B 25-F 3 o 4 eitissue culture flasks 24 ) pF o F dme E'J
i 100%:% B P o e~ 3 kR 4 ¥ pE (0, 1, 5 or 25 mM) o
1,4-naphthoquinone(0, 1, 2, or 4uM ) & TCsoHE = § 5V F » + § >
¥ 5foF i o A X B total RNAzZ 5 » 4¢ # ehim iz 15223 37C » 5% CQ e
BAEfY 24 pF o
2z ~ 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazofiubromide (MTT) 47

MTT pp Sigmas: ;3 f# & phosphate buffered saline (PBS)137 mM
NaCl- 1.4 mM KH,PQ, > 4.3 mM NaHPQ, - 2.7 mM KCIl> pH 7.2) # - ‘m
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g E N IR it MTT & 4 72 £ 0B (Lee etal., 2007 » #-im9e 32
%5 96744 o iF 24 ) P BTCR £ 21 > A kR LN E
¥ (4 3% > 1,4-naphthoquinone = § /< F > *f > § Z & F i) 4 »
mre? o M A 24 ) PF o KR8 0 LA 2 - WA SSmg/mIMTT 4 » 33 %
AP o G A TC RS e r R R A AR B ER
Az 0.04 N HCl 2352 MTT 2 &m 54 o H 570 nm i £ ek sk {512
microplate readep|i® - % 35 F (%) 1 (FHpJL e wie 0D B3
R e me e OD E) 5 F 3 o ¥rd] 50%mre 3 s K enES ER T
& TC50$?IJ e °
» Total RNAZ% B~
# 4% RNeasy Mini kit (Qiagen, Valencia, CA, USAit {7 ' ## total
RNA (135 B~ - % > 4% Beckman DU800- =& sk & i+ (Beckman Coulter,
Fullerton, CA, USA it {7 total RNA sz & - ¥ A260/A280'" & ~ > 1.8
itk & 0 - 41 * Aglient 2100 bioanalyzer(AgiIent Technologies, Santa
Clara, CA, USA:*iz # total RNA & & - ¥ =1 RNA integrity number
B 8.0 5 A4 ¢ * 3T it el Flik "ifljﬁ"?,‘ﬁé%/%#‘r o
7o~ AT SR B A T
5 ug s total RNA # &4 4] * MessageAmp” aRNA kit ( Ambion)» ‘&
d 32 ¢ P 4&(in vitro transcription) 3 Z 4e 12 2T < <2z < 7 RNACamplified
RNA> i§ #i aRNA)L - Cy5 % &[ig {7 it § F J&» 3 % Cy5 4 &% = 3] aRNA
Fo 2 aRNA = 24 5 F R miad o FRET 08 JI* 3
% 4o Phalanx2: @ #13% & gﬁ,ss@;g F &% =% (hybridization buffep - #-% sk
£ % ik 4 2 Human Whole Genome OneArrdy) i {7 3¢ & F Ji
(hybridization) - 50C ™ » - ke s F B2 {5 o %%‘r* = B
(wash) # B #-222 — fLlg & chffende Jh ¥ Fifif o 35 45 ¥ s
77 i 2 57% 0 41 Axon 40004 # % (Molecular DevicesSunnyvale
CA > USA) 7% kg B rddds - 24 i¢ * genepix 4.1# %8 (Molecular
Devices) ¥t & + & — 81 Cy3 &% Cyb # k3 B8 {7 4 47 o & — BLHUEL
B ;fr",f TERAFFESS SR ERR o N :FW'J“,% ® 5 i) iR &
(probe) &2 3zt (signal-to-noise ratid -] 3t % 8 o i i i st D
é%%%rl R #2 ;' =7 limma package:t (= Eﬁf— it (normalization  ( Smyth,
2005) - % 1,4-naphthoquinon&§ = ¢ » 3% i@ & FhF— T FEE F (N
M AFHERFERF D NFRELF L M - NP “The
Pharmacogenetics and Pharmacogenomics Knowledge” Basttps://www.
pharmgkb.org/index.jsp 4 =k (8 3| 219 & Z5 4+ (% Z4p B 28 F] o i L )P
alcohol dehydrogenasesaldehyde dehydrogenasesi- cytochrome P450
families & ** phase E# # i~ #L #]- @ phase |# # X 314 7] ¢ 3= glutathione
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S-transferases sulfotransferase familiesf= UDP glycosyltransferase families
E ooopteh s Eﬁf— itenF oA w i@ * limma packagel ¥ - £ % = 304 7 2%,
Smyth, 2005 ¢ NIA Array Analysis tool ( % = %4 ¢ % ;Sharovet al., 2005)
PEITEHEARG AT ALARDAT o BTF O RARG LR AT L H E T
Gene Ontology Tree Machirie F (http://bioinfo.vanderbilt.edu/gotm/ i& i
Gene Ontology( § - GO) 47 » 4 gl XA PR FP R i ehlm e
7 % #-% - Gene Ontology Tree Maching - i A % F @ % > A F3F e
(gene sel 7 » 7 A # T #1147 ¥ (data mining 1 £ (Zhanget al., 2005) -
Az FEF %Y o Nprie- R RN 9 PGSEA package €35
P~ p Molecular Signature Database web sit622 i £ F]3# = ( gene sets? -
' ofF s 3 L H O 2 Mmooz £ R o X T ¥
( http://www.broad.mit.edu/gsea/msigdb/msigdb_indemlh) ( Kim and
\Volsky, 2005) - iz 25 A R hA F|F e d G FE %%“E* TIGR
Multiexperiment Viewer (http://www.tm4.org/index.html; Eiseet al., 1998)
TR 3 # & 4~ 47 (hierarchical clustering analysis* 12 B sz at 3k 5] &
SR FEEE S 2o AT ARBE - &6 A4+ BiblioSphere
Pathway Edition Ly 1 ( Genomatix Applications,
http://www.genomatix.de/index.htpz 4 2 5 £ & A Fl2 B eh2 3 5%
¥ (interaction networR - % 1,4-naphthoquinonen$ 2% # > 2\ iF ] *
BiblioSphere Pathway Edition#c % 4~ +7 NF«xB T 2 & 7] &
1,4-naphthoquinonér:% 47 & F]2_ B ez 3 1T % i, - BiblioSphere Pathway
Edition 4 v/ a2 47 5 A A B¢ 0 % prgF e (literature mining ~ 2
FIRLf% 4 47 fofcds + (promoten) F 71 4 47 Rz A F12 3 1% g (Seifert
etal., 2005) o L3R4 B nE it L= = o

=~ AP-1feNF«Bi& 14 44

* 37C T > HepG2/AP-14r HepG2/NF«B w#z 32 % & 25 T = = & e

tissue culture flaskg 24 - p* > 2 DMEM i#i% » £ 1 7 |k & it & 4 &
w4 (4 X FE > 1,4-naphthoquinone = $ i< F » 2% » F 2 & F i) Ao
3224 | P o RS e ki PBSik o g 2 350 pl Triton lysis buffer
(50mM Tris—HCI> 1% Triton X-100- 1mM dithiothreitol> pH 7.8) % f% ¥’
WG HRfRAY - B2F >R E 20 Wl thiwre 3 f32 A $ fo 100 l 7 luciferase
reagent ( 470mM luciferin, 33.3mM dithiothreitol, 270mM cogme A,
530mM ATP, 20mM tricine, 1.07mM MgCGQ; )4 Mg (OH),>2.67mM MgSQ,
0.1mM EDTA, pH 7.8 & 12 luminometer( FB15, Zylux Corp., Maryville, TN,
USA) 8R4 kB M o dp 44 k3 &4 gJ2 e e orelative luciferase
unit (RLU) K,éf A IR et RLU k2R E o
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AN g 3 lE‘.’ g‘l;,;‘zkg\ﬂ}fr
HepG2/AP-Lm?z {1 * 4\: 0.1% FBS:"DMEM 2 % 4 25T & = &2 eh
tissue culture flasks’ 24 J BF LR ML T 0 mitogen-activated protein
kinases (MAPKs) snfA % § » & V7% kR eNE X /L o 2Ris > wie 1)
7k PBSi% » £ 12 250l sample buffer (62.5mM Tris—=HCIl> 2% sodium
dodecyl sulfate( SDS)-10% glycerol 50mM dithiothreitol 0.1% bromophenol
blue> pH 6.8) ZEX G HARAY - wie 324 kv FRAJIH
Bradford methode 2 ip] 2 o 15-20pg 3o & 12 10% SDS- polyacrylamide
WT ALY TG0 THEB PR EZ . p B3 % blocking
buffer (20mM Tris—HCI> 140mM NaCl- 0.1% Tween 20 5% skim milk
powder> pH 7.6) # i& {7 blocking-> I 12 primary#= c-Jun N-terminal kinases
(INKs) - Fupipe i en INKs» 3o p38: fugifsc i ¢h p38- 3= extracellular
signalregulated protein kinase§ERKs) - = figifis it e ERKs #42 (Cell
Signalling, Beverly, MA, USA :&{7#£p] - 3 % & iadbuf8 1 *  horseradish
peroxidase-conjugated anti-moused it 7 F J& > FHF 11 &84k (ECL
system, Amersham, Buckinghamshire, WK B o & {5 12 p & 420 B 4P fi54p
F}ﬁ o
T 2 E PCR
# 1,4-naphthoquinong 3 7 UDP glycosyltransferasg F1 { — # 1 *
Tl 2§ PCR (gPCRZ ¥ -RNA 4 » % 420C4|* High Capacity cDNA
Reverse Transcrlptlon Kit( Applied Biosystems it {7 7 fi 45~ fiz 30 4 45 o
€ PCR KT ig2ie{s :50C > 2448 95C » 104 48 ; 95C » 15§)4r
60C > 1 » 4838 {7 40 Ve o o * andd|e 45 1wl 538 ea cDNA »
2X SYBR Green PCR Master MikApplied Biosystem$ §- 500 nM it & =
513 o & i £ Fleip] T_# Applied Biosystems 7300 Real-Time PCR system
EF3EA A AREDRFERA* comparative CT* 235 #71) o
BRTHRELAFEELEZ 2 (F) fvx» (R) 313 ¢/ 7] ¢
GAPDH,F-ACACCCACTCCTCCACCTTT/R-TAGCCAAATTCGTTGTCAT
ACC;UGT1A5,F-CAACGGGAAGCCACTATCTCAGG/R-CCACAATTCCA
TGTTCTCCAGAAGC;UGT2A1,F-CATTGCTCACATGAAGGCCAAAGG/R
-GCGCTAAGCAAATCCACACTTGTC;UGT2B4,F-CCACTGCAAACCTGC
CAAACC/R-TCTTCTGACGTGTTACTGACCATCG;UGT2B7,F-TTGCCGA
TCAACCTGATAACATTGC/R-AGCAAGTCTGTACTCGACATTGTG;UGT
2B15,F-GGAAATGGAAGAGTTTGTGCAGAGC/R-GGATCTGGGCAAGG
GCTGATG;UGT2B11,F-TGCTTGTCATAAGGCAGACATCATC/R-TGAGG
TGACTGTACTGGCATCTTC-
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%~ BR

AU AT RS FT R R 2 vy S —u 4 3 (vanillin)
&
(- ) 3 ¥ pE4 HepG2 ‘¥z 2_ e & 4 4 47
F1* MTT @&~ 174 R me s (o Bl- R34 X gk
BaelOmMERIp 37 32585 HepGwm e cE |4 § 4 X Rk R
# 3 20 MM pF > HepG2im 2 ﬁ?i’é'fﬁ.giﬁﬁ‘:‘ gl A EFEER
25 MM R #_HepG2im e enTCspo 2. {6 » FH T EH 7+ B IR 3
¥pE (1-5%25mM) 4o
(=) 1% A F 5] 47 d £ X FED &k F2 4 LBl
A F L5 A4 enk Fli 4 30968 0 4 A kR 2 15
25 mM it * HepG2im*s {8 » X 3| Beh™ A L F& 2L 7] 26+
119¢7 213; F A A FIR 5 A F] 28~ 84 &2 347 1 B F ik AL Flix
I web site :& {7 Gene Ontology GO) &4 47 - GO 4 7.8 % & 1
XA G 5mMpE gﬁ%wm k. ER R R T
L% Pvalue] > 0018 F L 82 wmed Frasic 5 471 -
% ¢ cell cycler? 2 apoptpsisy i (Bl= ) ° 127 P\»‘"‘}%)i&ﬁé ¥pE
iT* HepGim*2 en GO &~ 47 > X% R A X a7 B wre Bt
kR (12 5mM) T » & cyclin-dependent protein klnase activity
M E apoptosistp i 5 A AR EMEE wie g Bk R (25 mM) T
Al mre e G2 phasey £ & BB o 4 3 iz (7% HepG2im e #7325
g A e AT 8 7 = <3 > ¢ 4& cellular process cell cycle# cell
deathsp & 4L %] # 7 S100A6 CCNA2-MYBL2-BIRC5-AURKB
2 PLK1( % - ) ¥ ¢ & A F¢ S100A6- BIRC5~ AURKB -
PLK1 22 UBE2CH|£ cancer progress M o izt S % %7 ¥ 4
FEERT i AR B P e ) KGR T RUR A -
(2) % 4 X g Bengl F1M B4 2. network 4 +7
B DR X pEITH R A FE T networks 470 B IRHE A
B Py w5 AT S Fose Xm0 Fos £ #4475+ AP-1 4 &
g1 component. — > d network s 7 50 % 7 1 pr el Fos & Fl & 3
EE YRR P AT S g (B2 )
(2) 4 ¥EEier HepG2im®s 2. AP-17 %
¥-72 AP-1# 4573 2. HepGim® e %5 kR & 5 1-5 11 % 25
MM 2.4 3 g > I3 24 ) PFis s AP-1 it o S % 87T 0§
AEFEER L 25 MMPF s & 2 w4 Mehle S 3 7T 1 AP-1
A Ra o B- HFIR o FAEMEER A S MM F > HepG2
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fnRe B dEF R Rl E 3 A SRR > BT 'R AP-LeniE |
(Bw) > @B SHhE T 4 5 E 44 HepGRim#e ch AP-1 & 14
(1) 22 4 Xpded] AP-LiE 2 3 L Befiin
AP-1 thiE % 5] MAPKS 2 4 @i s cn Bl 8 > & 387
ERKs~ p38~ 122 JNKs ¥ g5 o 1 # @ = .n,élé‘!«/»\%’? AP-1 1 *%a
B BRI B %I ERKS § %% 4 X FEk B cnd 4o
i)é"' Yoo o B K EERe4] AP-1A4E A & £4Ed ERKs L @ikEk
mkiEd (BT ) o
~ A éﬂamﬂﬂﬁﬁ%%“@%%”%@%gﬁﬁ%@—ﬂ
1,4-naphthoquinoné i
(- ) 1,4-Naphthoquinongr#] NF«B /& {2 fm¥e 75 & &
Ao A p# 100 B 1,4-Naphthoquinonenis4 it & 4= @ 35 4
BL 3 4] NF«B & ahit & 4 8 & w4+ NF-«B reporter gene
systemez MTT jpz& NF«kB 7 1Cs0 17 2 TCspo H ¢ » Frd| i & &
B &g chft & 4 §_1,4-Naphthoquinone # 1C50%r TCs &4 %] 5 5.1
UM 2 59uM (% = ). £ % » A -1 4-Naphthoquinonét = &
i Bk DNA B 7] 4 47 2 AL Flehd JRI3¥ -
(=) 1,4-Naphthoquinone-regulated gegesNF-«B 2. 2 3 7%
= Michael Zhang Lab website 17 ¥ # &%) 5 1001% 4 F] &2
NF-kB 4p b o #igus 2304 £ 8 2 & NF«B § M i Al eie
- # i¥ network analysig Bl ) ' % geneSetTest 4 #7¥ NF«B
2 EApM eIk (22 ) 2% CCNA2-~ CDK5 -~ CDKN2C
(pl8) -~CDKN3 (CDI1) % PLK1- £ P2 &= & ‘o 38
42 & AR E3 B (Pagano et al., 1992; Dhavan et al., 2001;
Weishaupt et al., 2003; Guan et al., 1994; Gyutisale 1993;
Toyoshima-Morimoto et al., 2001; van Vugt et a002) -
(=) A F1£ & 4 & Gene ontologyr4 15
#-% Wy £ % 2 AT T Gene ontologyr i Arig d ik A Fl Ay
B GOterme &% R 2R A2 AR Mﬁtp 2201 » % I
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Gene symbol  Description 1 mM vanillin 5 mM vanillin GO terms
Fold changes®  p-Value®  Fold changes®  p-Value®
MCMS5 Minichromosome maintenance —2.65 = 0.17 0.0092 —-3.61 £0.72 0.0015 Regulation of cellular process/cell cycle
deficient 5, cell division cycle 46 (S.
cerevisiae)
CCNA2 Cyclin A2 —2.11 £0.25 0.0354 —3.36 £ 0.44 0.0018 Regulation of cellular process/cell cycle
S100A6 S100 calcium binding protein A6 - - —2.85 £ 092 0.0074 Regulation of cellular process/cell cycle
(calcyclin)
MIF Macrophage migration inhibitory —2.30 = 0.59 0.0273 —2.39 £ 0.36 0.0135 Regulation of cellular process/death
factor (glycosylation-inhibiting
factor)
PLK1 Polo-like kinase 1 (Drosophila) - - —2.43 £ 0.76 0.0153 Regulation of cellular process/cell cycle
EMP3 Epithelial membrane protein 3 —2.27 £ 0.42 0.0159 Regulation of cellular process/death
DUSP6 Dual specificity phosphatase 6 - - —2.13 £0.35 0.0175 Regulation of cellular process/cell cycle
TCF19 Transcription factor 19 (SC1) - - —2.06 £ 0.06 0.0178 Regulation of cellular process/cell cycle
KIFC1 Kinesin family member C1 —=2.11 £ 0.16 0.0183 Cell cycle
NAB2 NGFI-A binding protein 2 (EGR1 —2.42 £ 0.11 0.0112 —2.03 £ 0.04 0.0185 Regulation of cellular process
binding protein 2)
CALR Calreticulin - - —2.05 £0.29 0.0194 Regulation of cellular process/death
YWHAH Tyrosine - - —2.03 £0.38 0.0234 Regulation of cellular process/cell
3-monooxygenase/tryptophan cycle/death
5-monooxygenase aclivation protein,
eta polypeptide
UBE2C Ubiquitin-conjugating enzyme E2C —1.98 £ 0.13 0.0413 —1.96 £ 0.06 0.0239 Regulation of cellular process/cell cycle
HMGAI1 High mobility group AT-hook 1 - - —2.01 £ 032 0.0239 Regulation of cellular process
PCNA Proliferating cell nuclear antigen - - —2.05 £ 0.28 0.0239 Regulation of cellular process/cell cycle
MCM4 Minichromosome maintenance - - —=2.19 £ 0.70 0.0239 Regulation of cellular process
deficient 4 (S. cerevisiae)
AURKB Aurora kinase B - - —2.22 £ 0.88 0.0243 Cell cycle
ANXA1 Annexin Al - - —2.03 £ 0.43 0.0245 Regulation of cellular process/death
HMGA2 High mobility group AT-hook 2 - - —1.96 £ 0.07 0.0245 Regulation of cellular process
CDKN3 Cyclin-dependent kinase inhibitor 3 - - —2.00 £ 0.22 0.0247 Regulation of cellular process/cell cycle
(CDK2-associated dual specificity
phosphatase)
LGALSI Lectin, galactoside-binding, soluble, - - —1.91 £ 0.05 0.0263 Regulation of cellular process/death
1 (galectin 1)
CKS2 CDC2 8 protein kinase regulatory - - —1.92 £ 0.03 0.0263 Regulation of cellular process/cell cycle
subunit 2
SOCS1 Suppressor of cytokine signaling 1 - - —1.90 £ 0.23 0.0318 Regulation of cellular process
ETV5 Ets variant gene 5 (ets-related - - —2.01 £0.63 0.0334 Regulation of cellular process
molecule)
CDC45L CDC45 cell division cycle 45-like (S. - - —1.94 £ 0.49 0.0335 Regulation of cellular process/cell cycle
cerevisiae)
CKS1B CDC28 protein kinase regulatory - - —1.81 £0.31 0.0435 Cell cycle
subunit 1B
MYBL2 v-myb myeloblastosis viral oncogene - - —1.98 £ 0.55 0.045 Regulation of cellular process/cell
homolog (avian)-like 2 cycle/death
SERPINE2 Serpin peptidase inhibitor, clade E - - —1.76 £ 0.07 0.0454 Regulation of cellular process
(nexin, plasminogen activator
inhibitor type 1), member 2
ECT2 Epithelial cell transforming sequence - - —1.81 £0.17 0.0458 Regulation of cellular process
2 oncogene
BIRCS Baculoviral IAP repeat-containing 5 —2.51 £ 0.07 0.0092 —1.76 £ 0.03 0.0459 Regulation of cellular process

(survivin)

 Fold changes are means = S.D. of duplicate assays.
b The statistical analysis was performed by moderated z-statistics. Genes with p<0.05 after fdr adjustment are listed.
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GeneSymbol  Description fold changes SD P value

ATBF1 AT-binding transcription factor 1 -1.34 0.07 8.50E-06
BTG1 B-cell trandocation gene 1, anti-proliferative -1.40 0.11 5.74E-04
CBX6 chromobox homolog 6 -2.00 0.54 1.80E-05
CBX7 chromobox homolog 7 -1.54 0.13 1.58E-04
CCNA2 cyclin A2 -2.21 0.13 5.05E-06
CDK5 cyclin-dependent kinase 5 -1.47 0.25 3.27E-04
CDKN2C cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK 4) -1.83 0.16 2.48E-05
CDKN3 cyclin-dependent kinase inhibitor 3 (CDK 2-associated dual specificity phosphatase) -2.86 0.47 1.77E-05
CITED2 Cbp/p300-inter acting transactivator, with Glu/Asp-rich carboxy-ter minal domain, 2 -4.44 0.80 3.20E-08
DERL2 Der 1-like domain family, member 2 -1.49 0.28 1.90E-04
EGR1 early growth response 1 -3.89 0.65 1.24E-08
EXT1 exostoses (multiple) 1 -2.74 0.37 5.94E-07
GRK6 G protein-coupled receptor kinase 6 -2.08 0.37 3.24E-04
HNRPUL1 heter ogeneous nuclear ribonucleoprotein U-like 1 -1.42 0.14 5.24E-04
KNTC1 kinetochor e associated 1 -2.01 0.30 1.16E-04
MCM5 M CM5 minichromosome maintenance deficient 5, cell division cycle 46 (S. cerevisiae) -1.49 0.16 9.53E-05
MCM7 M CM 7 minichromosome maintenance deficient 7 (S. cerevisiae) -2.27 0.31 2.34E-06
MEF2C M ADS box transcription enhancer factor 2, polypeptide C (myocyte enhancer factor 2C) -2.55 0.61 3.72E-06
MTCH1 mitochondrial carrier homolog 1 (C. elegans) -1.58 0.21 3.70E-04
MTPN myotrophin -1.43 0.15 1.52E-04
MTSS1 metastasis suppressor 1 -1.84 011 1.36E-04
NFIB nuclear factor 1/B -2.58 0.28 2.65E-06
NFIX nuclear factor 1/X (CCAAT-binding transcription factor) -2.58 0.50 9.59E-07
NKX2-2 NK2 transcription factor related, locus 2 (Drosophila) -3.42 0.38 3.09E-06
NR4A3 nuclear receptor subfamily 4, group A, member 3 -3.69 0.45 2.95E-05
PLCB1 phospholipase C, beta 1 (phosphoinositide-specific) -2.45 0.30 5.94E-06
PLK1 polo-likekinase 1 (Drosophila) -1.92 0.45 1.18E-04
PMP22 peripheral myelin protein 22 -2.46 0.28 5.33E-06
PSCD2 pleckstrin homology, Sec7 and coiled-coil domains 2 (cytohesin-2) -1.24 0.10 3.33E-04
PURA purine-rich element binding protein A -1.82 0.36 1.07E-04
ROBO1 roundabout, axon guidance receptor, homolog 1 (Dr osophila) -1.58 0.22 9.70E-05
SATB2 SATB family member 2 -1.38 0.07 5.95E-04
SPRED2 sprouty-related, EVH1 domain containing 2 -1.56 0.23 1.26E-04
SPTBN1 spectrin, beta, non-erythrocytic 1 -171 0.06 3.95E-08
TWIST1 twist homolog 1 (acr ocephalosyndactyly 3; Saethre-Chotzen syndrome) (Drosophila) -1.60 0.20 6.45E-05
ZFP36L1 zinc finger protein 36, C3H type-like 1 -1.77 0.18 4.12E-05
ZNF254 zinc finger protein 254 -2.16 0.99 5.08E-04
ZNF433 zinc finger protein 433 -3.00 0.07 7.11E-05
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Cell cycle single channel dual channel

Gene Symbol Description Fold changes SD Pvalue Fold changes SD Pvalue
CCNA2 cyclin A2 -221 013 5.05E-06 -1.76 0.23 1.39E-03
CCNC cyclinC 1.89 0.39 3.45E-04 1.73 0.22 1.29E-04
CDKN3 cyclin-dependent kinase inhibitor 3 (CDK 2-associated dual specificity phosphatase) -2.86 047  1.77E-05 -2.90 092  1.06E-04
CGRRF1 cell growth regulator with ring finger domain 1 191 080  5.54E-04 1.29 013  3.82E-03
EXT1 exostoses (multiple) 1 -2.74 037  5.94E-07 -240 002 1.67E-04
GADD45A growth arrest and DNA-damage-inducible, alpha 292 031  1.38E-08 270 0.37  5.58E-06
KNTC1 kinetochor e associated 1 -2.01 0.30 1.16E-04 -1.77 0.02 3.19E-03
LATSL LATS, large tumor suppressor, homolog 1 (Drosophila) 3.66 135 8.87E-05 204 0.14  2.80E-04
MCM7 M CM 7 minichromosome maintenance deficient 7 (S. cerevisiae) -2.27 031  2.34E-06 -2.08 0.06 1.56E-04
MTSs1L metastasis suppressor 1 -1.84 011  1.36E-04 -2.34 049  1.70E-04
PAFAH1B1 platelet-activating factor acetylhydrolase, isoform Ib, alpha subunit 45kDa -244 040  3.82E-05 -2.00 022  450E-04
PLCB1 phospholipase C, beta 1 (phosphoinositide-specific) -245 030 5.94E-06 -333 114  4.05E-05
PLK1 polo-like kinase 1 (Drosophila) -1.92 045  1.18E-04 -191 046  2.11E-03
PRKCA protein kinase C, alpha 202 035  2.24E-05 1.92 002  3.23E-04
STAG1 stromal antigen 1 218 101  852E-05 145 040  2.54E-03
ESCO2 establishment of cohesion 1 homolog 2 (S. cerevisiae) -2.00 025 1.18E-06 -3.85 240  7.10E-04
GNL3 guanine nucleotide binding protein-like 3 (nucleolar) 207 030 3.63E-06 1.78 023 9.35E-05

Pharmacognosical Name Ratio shC
Dahuang Radix et Rhizoma Rhei 1 0.15 mg/ml
Huanglian Rhizoma Coptis 1 0.80 mg/ml
Huangqin Radix Scutellariae 1 4.79 mg/ml
SHXT - - 3.66 mg/ml

22 ~Z2F ez HHHek 2 7 Scoresk 7 o
Gene Set Name P53 _UP DNA_DAMAGE_SIGNALLING? p53_signalling

SHXT z(p)  8.82 (9.49E-11) 7.15 (4.19E-10) 6.19 (3.03E-08)
Dahuang_z (p) 3.08 (0.0051) 3.65 (0.000731) 3.20 (0.002878)
Huanggin_z (p) -0.50 (0.349474) 1.53 (0.122978) -0.04 (0.397707)
Huanglian_z (p) 3.61 (0.001211) 4.46 (4.26E-05) 3.00 (0.005119)

! Target genes up-regulated by p53 are from Kannah €001).
2Genes involved in DNA damage signaling are fromegentology (http://www.geneontology.org/).

3Genes involved in p53 signaling are from BioCahtip(//www.biocarta.com/index.asp).
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SHXT Dahuang Huangqin Huanglian
Gene Name FC sD P FC SD P FC sSD P FC SD P
Target genes up regulated by p53
BAX 1.65 0.29 0.0048 1.47 0.30 0.0288 1.35 0.29 0.0917 1.84 0.33 0.0005
BBC3 6.25 0.16 0 438 0.82 0 1.80 0.27 0.0016 3.47 0.18 0
GADD45A 3.59 1.79 0 250 1.56 0.0052 -1.27 0.96 0.4137 1.87 1.10 0.0508
MDM2 199 092 0.0088 1.79 1.12 0.0404 1.45 0.82 0.1636 1.73 0.99 0.0458
NDN 1.96 0.53 0.0195 1.87 0.67 0.0371 1.14 0.63 0.8705 -1.04 0.10 0.8829
NHLH2 196 0.79 0.0049 1.61 0.55 0.0364 2.02 0.79 0.0032 1.37 0.52 0.1744
NINJ1 1.63 0.16 0.0131 155 0.17 0.0277 -2.87 127 O 1.07 0.18 0.7403
SCRIB -1.77 0.23 0.0024 -1.06 0.16 0.7534 -1.64 0.79 0.0027 1.57 0.32 0.0171
Genes involved in DNA damage signaling
ATM 2.12 1.30 0.0042 1.19 0.87 0.451 1.85 1.12 0.0156 1.97 1.28 0.0107
BAX 1.65 0.29 0.0048 1.47 0.30 0.0288 1.35 0.29 0.0917 1.84 0.33 0.0005
BBC3 6.25 0.16 0 438 0.82 0 1.80 0.27 0.0016 3.47 0.18 O
BNIP3 2.15 0.67 0.006 1.33 0.25 0.2889 1.41 0.29 0.2076 1.38 0.82 0.4039
ERCC1 185 0.63 0.0316 1.96 1.32 0.0469 1.29 0.42 0.3703 1.36 0.34 0.2566
GADD45A 3.59 1.79 0 250 1.56 0.0052 -1.27 0.96 0.4137 1.87 1.10 0.0508
GADD45G 5.44 3.11 0 254 1.32 0 2.06 1.16 0.0011 2.45 1.27 O
MDM2 199 0.92 0.0088 1.79 1.12 0.0404 1.45 0.82 0.1636 1.73 0.99 0.0458
PURA -1.94 0.47 0.0005 -1.06 0.31 0.7699 -1.56 0.49 0.0167 -1.70 0.52 0.0044
RAD51 -1.71 0.35 0.0067 1.30 0.28 0.1718 1.69 0.37 0.0069 -1.43 0.28 0.0743
XPC 2.12 1.06 0.0042 153 0.75 0.0871 1.93 0.89 0.0095 2.58 1.39 0.0004
Genes involved in p53 signaling
ATM 2.12 1.30 0.0042 1.19 0.87 0.451 1.85 1.12 0.0156 1.97 1.28 0.0107
BAX 1.65 0.29 0.0048 1.47 0.30 0.0288 1.35 0.29 0.0917 1.84 0.33 0.0005
BBC3 6.25 0.16 0 438 0.82 0 1.80 0.27 0.0016 3.47 0.18 O
BRAP 1.81 0.30 0.0025 191 0.35 0.001 -2.26 053 0 -1.12 0.36 0.5169
CSNK1A1 1.77 0.68 0.0356 -1.01 0.44 0.973 -1.56 0.97 0.0727 1.04 0.47 0.8599
El24 1.60 0.17 0.0209 1.12 0.16 0.5765 -1.28 0.47 0.1555 1.57 0.63 0.0473
FAF1 1.64 0.43 0.0093 1.24 0.33 0.2497 -2.96 1.16 O 1.19 0.36 0.3636
GADD45A 3.59 1.79 0 250 1.56 0.0052 -1.27 0.96 0.4137 1.87 1.10 0.0508
MDM2 199 092 0.0088 1.79 1.2 0.0404 1.45 0.82 0.1636 1.73 0.99 0.0458
PMP22 -2.29 0.28 0 461 131 0 -17.506.45 O -3.76 088 0
PRKCA 1.60 0.24 0.0115 157 0.28 0.016 -3.81 058 O 244078 O
RELA 222 199 0.0332 -1.00 0.67 0.6251 1.67 1.11 0.0831 1.07 0.75 0.55
SFN 1.78 0.30 0.002 351 0.78 0 1.30 0.14 0.1526 1.13 0.23 0.5252
TRAF4 1.88 0.60 0.0004 1.83 0.69 0.0009 1.14 0.48 0.4991 1.60 0.54 0.0086
WIG1 -1.93 0.28 0.0342 1.06 0.32 0.8805 -1.05 0.26 0.8616 1.31 1.09 0.8246
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