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

Platform (Final Report)

Tin-Yun Ho
China Medical University

ABSTRACT

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

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

M ethod:

We applied microarray technology to analyze andamphe modern biological
activities of medicinal herbs. The gene expresdaabases established in this project
further provided the basis for the herb-activityatenship, modern definition of
Traditional Chinese Medicine (TCM), new drug deyatent, and preclinical drug
safety analysis.

Results and Discussion:

The gene expression databases were establisheddiagcao the standard
operation protocols, including quality controlsdstig treatment, cells, RNA extraction,
microarray, etc. Microarray data have been used for the predictbriherapeutic
potentiation. For examples, in the aspect of navg dlevelopment, we treated human
hepatocytes with herbal compounds at the dosagéCetind TG, and analyzed
microarray data by Cluster and Gene Ontology Treehhe. Our results indicated
that most herbal compounds affected clusters okegeanvolved in cell cycle and
apoptosis. Genes down-regulated by herbal compoweds grouped into three gene
ontology categories, including regulation of celluprocess, cell cycle, and death.
Furthermore, k-means clustering analysis showed that a cluster notlear
factor«B-regulated genes was down-regulated by herbal oangs. In the aspect of
drug safety evaluation, we found that the expressioof genes (DP
glycosyltransferases) in phase Il drug metabolissreweduced during anthraquinones
treatments. These findings suggested that anthrages may slow down the
excretion of drugs, leading to the increased hidfdf drugs. In the aspect of modern
definition of TCM, San-Huang-Xie-Xin-Tang (SHXXT)ak been used for the
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treatment of liver diseases for years. Gene sdtlanent analysis indicated that
SHXXT and its herbal components displayed a unigog-proliferation pattern via
p53, p53 activated, and DNA damage signaling payswa HepG2 cells. Network
analysis showed that most SHXXT-affected genes wegulated by a central
molecular, p53. Additionally, hierarchical clustegi analysis showed that Rhizoma
Coptis shared a similar gene expression profildh VHXXT. These findings may
explain why Rhizoma Coptis is the principal herlttlexerts the major and leading
effect in the herbal combination SHXXT. Moreovénistis the first time to reveal the
relationship between formulae and their herbal comepts in TCM by microarray
analysis and bioinformatics tools. So far, we hastablished and analyzed the gene
expression profiles of herbal formulae that arautady used in the treatment of liver
diseases in TCM. Mice were orally administered wigrbal extracts, and the gene
expression signatures from livers and kidneys veea@yzed by DNA microarray. By
Pathway analysis, we found that herbal formulaeeci#d metabolism-related
pathways as well as antigen processing and pregenfzathways and IGF signaling
pathways. Connectivity Map analysis showed that3dpMeSH disease terms related
to the gene expression signatures of herbal forenwkere diabetes-associated diseases,
cardiovascular diseases, and hepatic diseasesoMaréhe gene expression profiles
of herbal formulae were similar to the ones of dreg compounds with anti-cancer,
anti-inflammatory, and anti-oxidative abilities.n@ily, clustering analysis of gene
expression signatures from herbal formulae ancctdagy-related database from 223
chemicals showed that herbal formulae and 223 atembelonged to two different
clusters. These findings indicated that adminigtnadf herbal formulae did not induce
acute nephro-toxicological effects in mice. In doson, the microarray-based gene
expression database of herbs can provide a traomsfatatform for TCM and scientific
knowledge.

Keywords: liver diseases, Chinese medicinal hédb&\ microarray
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THREAFINSENE e (F) vk » (R) 313 ¢35 7] : GAPDH, F-ACA

CCCACTCCTCCACC TTT/R-TAGCCAAATTCGTTGTCATACC; UGT1A5
F-CAACGG GAAGCCACTATCTCAGG/R-CCACAATTCCATGTTCTCCA
GAAGC; UGT2A1, F-CATTGCTCACATGAAGGCCAAAGG/R-GCGCTA
AGCAAATCCACACTTGTC; UGT2B4, F-CCACTGCAAACCTGCCAAAC
C/R-TCTTCTGA CGTGTTACTGACCATCG; UGT2B7, F-TTGCCGATC

ACCTGATAACATTG C/R-AGCAAGTCTGTACTCGACATTGTG; UGT2B
15, F-GGAAATGGA AGAGTTTGTGCAGAGC/R-GGATCTGGGCAAGGG
CTGATG; UGT2B11, F-TGCTTGTCATAAGGCAGACATCATC/R-TGAG
GTGACTGTACTGGCATCTTC-
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Cedl 1. Cells must be purchased from CCRC.
2. Passage number in lab must be less than 20
3. Subculture ratio = 1:2. Cells reach 100% comftee? days later.
4. Morphological observation

] e

0

RNA 1. Cell morphology
2. Elution volume (20~25¢1)
3. Total RNA: 30~40 . g per 25-crhflask i~
4. Concentration: 1.2~2.Qz g/ | ’
5. 0.D 260/280 >1.8 (in TE)
6. Aglient 2100 Bioanalyzer: RIN 8~10 °

Cell viability (%)
3

Herb 1. Cells are 100% confluence during herb treatment E
2. Morphological observation and cell viability

0 01 05 1 5 10 20 50 100 200
24-h Vanillin treatment, mM

cDNA 1. Elution volume: 70~80 |
2. Concentration: >13 ng//I (-
3. Incorporation efficiencv: ~15 /1000

Scan/Data analysis 1. PMT voltage < 900 V
2. MA plot: after filtration < 75% genes biased
3. Usable genes > 12,000
4. Filtration: (1) exclude control genes; (2) Flag8; (3) SNR532 > 0 & SNR635 > 0

Bl ~ 1% DNAMCEA|Z 1 8 » 2457 ¥ B4 mie L Flend S i b F o
FE - FREDY S FEERATIRGE TR ARE AR T e
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development
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cellular process

biological process

regulation of biological process

47 genes, p=0.0005712
I

|

physiological process

regulation of enzyme regulation of cellular negative regulation of regulation of cellylar death metabolism
system cell LEQU Ilatlon of cell communication activity process biological process physiological process physloLlloglcal 14 genes
development differentiation evelopment 7 genes, p=0.0065968|| 46 genes, p=0.0002064|| 16 genes, p=0.0025027 46 genes, p=0.0001405| process p=0.00083333
—
e ————
nervous I f tra:;gdzaclnon regulation of negative negative regulation of
system regucaetll‘on 0 transferase regulation of regulation of cellular cell cycle cell cell death
development differentiation activity cellular physiological physiological 22 genes proliferation 14 genes cellular primary
6 genes process process process p=0.0000003 14 genes p=0.0007851 metabolism metabolism
p=0.0016569 15 genes 15 genes 45 genes p=0.0005543
p=0.0030705 p=0.0015974 p=0.0001274
—  —————
negative
i regulation of regulation of mitotic programmed generation -
regulation of cellular cell cycle cell cycle cell death alcohol of precursor cellular ’;"ﬂ;‘;f::: macro- carbohydrate b\opoly:nev
signaling kinase activity physiological 18 genes 7 genes 13 genes metabolism metabolites catabolism and mclerc molecule metabolism metabolism
cascade 6 genes process p=0.0000003 p=0.0034468 p=0.0014864 and energy acid
p=0.0016569 15 genes bol
p=0.0010913 metabolism
y . energy
y regulation of regulation of . derivation by
neuron second- regulation of progression programmed apoptosis alcohol oxidation ufy cellular carbohydrate DNA
differentiation message- protein kinase through cell cell death 13 genes catabolism cellular metabolism
- it} organic carbohydrate catabolism
mediated activity cycle 11 genes p=0.0014299 4 genes comgaounds metabolism macromolecule 4 genes 13 genes
signaling _g gggzgsg 18 genes p=0.0005565 p=0.0033044 . genes 8 genes catabolism p=0.0096038 p=0.0031248
i p=0.0000003 p=0.0026115 p=0.0086830
hosphoinositide- regulation of negative
regulation of ’ rSedlaled I g‘n‘:jyclin regul%lion of
neuron signaling regulation of monosarccharide main I DNA
d'"g'e';‘r:‘s“’" 4 genes protein kinase cell cycle cell death apoptosis metabolism pathways of carcbeor:Jy{;rrate replication
- g p=0.068917 activity checkpoint 7 genes 11 genes 5 genes carbohydrate tabol 7
p=0.059953 p=0.0005079 p=0.0005274 p=0.0084089 metabolism “i ae‘;i“‘ - 33?3363
p=0.0005863 6 genes g p=0.
\ p=0.0003061 p=0.0096038
DNA
negative hexose depedent
DNA integrity regulgauon of metabolism monosarccharide DNA
Chze;z:z‘sm apoptosis 5 genes Ci‘z:‘;'::‘ ’959“‘33“0”
7 genes =0.0075483 genes
p=0.0097119 0 0004343 ? $=0.0030980 $=0.0013605
" tosi glucose fructose hexose DNA
anti-apoptosis metabolism metabolism catabolism replication
5 genes 4 genes 2 genes 4 genes initiation
p=0.0072755 p=0.0096038 p=0.0083834 p=0.002905 3 genes
\ p=0.0010544
glucose
catabolism
4 genes
p=0.0016206
glycolysis
4 genes
p=0.0007226

B = ~ f1* Gene ontology~ 17 % ¥ iz
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™ -
Pharmacognosical Name Ratio 55C

Dahuang Radix et Rhizoma Rhei 1 0.15 mg/ml
Huanglian Rhizoma Coptis 0.80 mg/ml
Huangqgin Radix Scutellariae 4.79 mg/ml
SHXT - - 3.66 mg/ml
- ~z2FueFEz HHHeRE2 7z Scoress 7 o

P53_UP DNA_DAMAGE_SIGNALLING?  p53_signalling

Gene Set Name

SHXT z (p) 8.82(9.49E-11) 7.15 (4.19E-10)
Dahuang_z (p) 3.08 (0.0051) 3.65 (0.000731)
Huangqgin_z (p) -0.50 (0.349474) 1.53 (0.122978)
Huanglian_z (p) 3.61 (0.001211) 4.46 (4.26E-05)

6.19 (3.03E-08)
3.20 (0.002878)

-0.04 (0.397707)

3.00 (0.005119)

! Target genes up-regulated by p53 are from Kannah €001).
2Genes involved in DNA damage signaling are fromegemtology

(http://'www.geneontology.org/).

3Genes involved in p53 signaling are from BioCahtap(//www.biocarta.com/index.asp).
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SHXT Dahuang Huangqin Huanglian
Gene Name FC SD P FC SD P FC sD 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
GADDA45A 3.59 1.79 0 250 1.56 0.0052 -1.27 0.96 0.4137 1.87 1.10 0.0508
MDM2 1.99 0.92 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 1.96 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 1.27 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 2.12 130 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 1.85 0.63 0.0316 1.96 1.32 0.0469 1.29 0.42 0.3703 1.36 0.34 0.2566
GADDA45A 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 1.99 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 1.53 0.75 0.0871 1.93 0.89 0.0095 2.58 1.39 0.0004
Genes involved in p53 signaling
ATM 2.12 130 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 1.91 0.35 0.001 -2.26 053 O -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 -296 116 O 1.19 0.36 0.3636
GADDA45A 3.59 1.79 0 250 1.56 0.0052 -1.27 0.96 0.4137 1.87 1.10 0.0508
MDM2 1.99 0.92 0.0088 1.79 1.12 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 3.51 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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Chinese herbal formulae
(Chinese name)

Long-dan-xie-gan-tang Gentiana scabra, Scutellaria baicalensis, Gardenia jasminoides,

Ingredients

L iR =] Alisma plantago, Plantago asiatica, Akebia trifoliate, Rhemannia
glutinosa, Angelica sinensis, Bupleurum chinense and Glycyrrhiza
uralensis

Jia-wei-xia-yao-san Paeonia suffruricosa, @enia jasminoides, Bupleurum chinel

(Dan-zhi-xia-yao-san) Angelica sinensis, Paeonia lactiflora, Atractylodeacrocephal

S ) = T Poria cocos, Mentha haplocalyx, Zingiber officinalanc

(= 453} %5 4%) Glycyrrhiza uralensis

Xiao-chai-hu-tang Bupleurum chinense, Scutellaria baicalensis, Pinellia ternate,

(Sho-saiko-to) Zingiber officinale, Panax ginseng, zzphus jujube anc

| ke F Glycyrrhiza uralensis

Yin-chen-wu-ling-san  Artemisia capillaries, Alisma plantago-aquatica, Poris cocos,

FMI T4 Polyporus umbellatus, Cinnamomum cassia and Atractylodes
macrocephala

Chai-hu-ging-gan-tang Bupleurum chinense, Angelica sinensis, Paeonia lactiflora,

R Ligusticum wallichii, Trichosanthes kirilowii, Rhemannia

glutinosa, Scutellaria baicalensis, Gardenia jasminoides,
Forsythia suspensa, Arctium lappa, Ledebouriella divaricata anc
Glycyrrhiza uralensis

Chai-hu-su-gan-tang  Bupleurum chinense, Paeonia lactiflora, Citrus aurantium,

o L Ligusticum wallichii, Cyperus rotundus andGlycyrrhiza uralensis
Gan-lu-xiao-du-dan Talc, Artemisia capillaries, Akebia trifoliate, Scutellaria
Hgija-2 baicalensis, Forsythia suspensa, Fritillaria cirrhosa, Belamcanda

chinensis, Acorus gramineus, Agastache rugosa, Mentha
hapl ocalyx and Amomum cardamomum

Gan-lu-yin Eriobotya japonica, Rhemannia glutinosa (fresh and boiled),

H B4 Ophiopogon japonicus, Asparagus cochinchinensis, Dendrobium
nobile, Scutellaria baicalensis, Artemisia capillaries, Citrus
aurantiumandGlycyrrhiza uralensis

Liu-wei-di-huang-wan  Rhemannia glutinosa, Cornus officinalis, Dioscorea opposite,

AFREF 1 Alisma plantago, Paeonia suffruticosa andPoria cocos
Zhi-bai-di-huang-wan  Anemarrhena  asphodeloides, Phellodendron  amurense,
iR F ot Rhemannia glutinosa, Cornus officinalis, Dioscorea opposite,

Alisma plantago, Paeonia suffruticosa andPoria cocos
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%3 ~ ¥ H & E fold changes > 2.86< 0.52 £ F A& T A AT
11 MetaCores 17 7 Jp 4 Bf 2 & 5 -

Disease Observed Total p-value
Metabolism, Inborn Errors 77 463 3.30E-15
Metabolic Diseases 155 1392 2.83E-13
Hepatitis, Chronic, Drug-Induced 18 42 2.41E-11
Hepatitis, Toxic 18 42 2.41E-11
Liver Diseases 128 1131 2.46E-11
Nutritional and Metaboli 161 1548 2.83E-11
Diseases

Hepatitis 61 428 2.28E-09
Hepatitis, Chronic 32 161 7.67E-09
Brain Diseases, Metabolic 32 162 8.99E-09
Lipid Metabolism, Inborn Errors 30 150 1.96E-08
Hyperlipidemia, Familial 18 60 2.10E-08
Combined

Ischemia 68 532 2.52E-08
Hyperlipoproteinemia 18 61 2.81E-08
Brain Diseases, Metabolic, Inborn 30 154 3.68E-08
Genetic Diseases, Inborn 178 1935 4.54E-08
Digestive System Diseases 217 2489 5.84E-08
Brain Diseases 144 1498 1.14E-07
Hypoxia-lschemia, Brain 16 55 2.08E-07
Brain Ischemia 16 55 2.08E-07
Hyperinsulinism 40 276 9.96E-07
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. ... Hepatitis ... Liv . . .
Liver ... Hepatitis, Hepatitis Liver neoplasms, carcinoma,Liver
. Hepatitis ral, . heoplasm : .
diseases chronic toxic hepatocellular cirrhosis
human S
/|- 8¢ 2% ;7 0.00E+00L.99E-05 2.29E-03 1.73E-042.96E-011.44E-09 6.99E-10 3.22E-01
+ %4 0.00E+001.95E-06 7.22E-02 1.62E-031.13E-042.48E-11 9.05E-10 1.91E-01
.fj:/ 2.22E-145.84E-06 9.87E-01 3.31E-036.96E-027.97E-08 1.66E-06 1.00E+00
WP+ AL
bp e
" ‘,2/ 0.00E+001.03E-06 5.74E-03 4.00E-053.83E-034.22E-11 2.63E-10 3.40E-01
LS b T
fﬁjﬂ, 8.35E-147.73E-05 2.81E-02 8.50E-034.64E-023.58E-09 2.75E-08 6.77E-02
R
L Ly
E‘/;‘;‘f’ 1.78E-141.36E-06 2.79E-01 2.10E-053.66E-041.95E-08 3.34E-07 6.11E-01
b Ly
M;g 0.00E+006.11E-08 5.35E-03 5.26E-053.14E-032.13E-09 7.06E-08 1.57E-02
/F q
¥ M3 2 5.54E-122.09E-03 4.45E-01 5.09E-026.88E-029.32E-07 7.10E-06 7.00E-02
M
f; . 0.00E+0(3.15E-07 2.60E-02 3.26E-042.50E-026.65E-10 1.43E-08 7.29E-02
a LES
3ok
?;,;;g 0.00E+007.60E-07 9.14E-03 1.54E-041.28E-021.07E-14 1.24E-14 4.82E-02
- 0.00E+001.64E-08 3.61E-03 9.09E-061.69E-025.25E-11 1.20E-10 2.39E-03

3t

4 41* R 43¢ limma package’ 1 geneSetTestk % & diseasesgt ¢ 7 i 7 - # fold
changesi_® 7% A TP FfFhl & f w Fi0 P L ¥ F N pvaluee - #Hd =B
#Jp ehpvaluefl* R #2 7% e multtest packagés 3+ # iz i+ 5 (false discovery rate, FDR)
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