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—{ Abstract

DNA and Proteomic Analysis of Ginseng Radix Rubra
Herbal-acupuncture Solution(GRR-HAS) on Gene
Expression in HepG2 Carcinomar Cells

Won Eun-ju, Lee Kyung-min, Lee Bong-hyo, Lim Seong-chul,
Jung Tae-young and Seo Jung-chul

Department of Acupuncture & Moxibustion, College of Oriental Medicine, Daegu Haany University

Objectives : It has long been known about the anticancer effect of GRR-HAS, however, it has not
been systemically determined the differentially regulated genes by GRR-HAS in cancer cells. The
purpose of this study is to screen the GRR-HAS mediated differentially expressed genes in cancer cells
such as HepG2 hepatoma cell lines. Oligonucleotide microarray and proteomic approaches were emploved
to screen the differential expression genes.

Methods : GRR-HAS was prepared by boiling and stored at ~70C until use. Cells were treated with
various concentrations of GRR-HAS(0.1, 0.5, 1.5, 10, 20mg/ml) for 24 h. Cell toxicity was tested by MTT
assay. To screen the differentially expressed genes in cancer cells, cells were treated with 1.5mg/me of
GRR-HAS. For oligonucleotide microarray assay, total RNA was used for gene expression analvsis
using oligonucleotide genechip (Human genome U133 Plus 2.0, Affimatrix Co.). For proteomic analysis,
total protein was analyzed by 2D gel electrophoresis and Q-TOF mass spectrometer.

Results : It has no cytotoxic effects on both HepG2 cells in all concentrations(0.1, 05, 1.5, 10, 20xag/
nd). In oligonucleotide microarray assay, the number of more than twofold differentially regulated known
genes was 320 with 6 up-regulated and 314 down-regulated genes in HepGZ cells. In proteomic analysis,
three spots were identified by 2D-gel electrophoresis and Q-TOF analysis. One down-regulated protein
was protein disulfide isomerase and up-regulated proteins were fatty acid binding protein 1 and 14-3-3
gamma protein by 15mg/ml of CRR-HAS.
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Discussion :

This study showed the comprehensive gene expression anélysis using oligonucleétidé
microarray for the screening of GRR-HAS mediated differentially regulated genes. These results will
provide a better application of GRR-HAS in cancer field and drug target development.

Key words  oligonucleotide microarray, CRR-HAS, gene expression, HepG2
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A EENA AM-¥ f13Ginseng Radix Rubra ;
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8 HepG2(hepatic cancer cel)® ATCC (US.A)e

A T grsigo. fil e AHEE pidole

DMEM/F12k(50 : 50) (GibcoBRL, U.S.A.)ell FBS(fetal
bovine serum)(GibcoBRL, US.A) 10%E #7}3td
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20mg/m¢ = Al HepG2 #HEol 24X7 Aelsldy.
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3) RNA #%

i RS AASk PBSE A3t Trpsin-
EDTA bufferg 1m¢#® #7}eted 37ColA 58 RE
WA & PBS 10meE AH7bste] Ioml FHe me

+ 1L,000rpmoll Al 5% Hob QA Rajste] gise o
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Reagent kit(molecular research center inc., U.S.A.)
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5) Oligonucleotide chip 447

Total RNAS @ £%9 wyist go] Eejssict
Complement DNA(cDNA) ¥4 total RNA 10ug
& 7IAZ ste]  superscript  reagent(Invitrogen,
USA)E AHgsle] Fedstith vhsolxd ¢(DNAE
d37e AAYew FE FE53 T biotin-labeled
cRNA+E BioArray HighYield RNA transcription
labeling kit(Enzo Diagnostics, Farmingdale, NY,
USA)E AHgsto] in vitro Aoz whEQith
W= biotinylated ¢cRNAE RNeasy minikit(Qiagen,
Valencia, CA, US.A)2Z cleandtil 4& &33%
t}. Biotinylated cRNA 0ugs M°C &E (200mM
tris—acetate(pH 8.1), 200KOAc, and 150 MgOAc)
Zof 3587 Fo] ¢F 30 nucleotides 3712 THE
t}. Hybrid E3ES 15ugd £4 Z4E cRNA%
Eukaryotic Hybridization controls(ZI# cRNA®}
oligonucleotide B2 E3HZ ol glom ol& iR
3t Human Affymetrix chip(Human genome U133
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Plus 2009 45°CelA] 16417t 52} genechip Hybridization
Oven 640(Affymetrix, US.A)E o] 83819 hybridization
ANAY. 2 Fo chipg genechip Fluidics Station
400(Affymetrix, US.A)2.2 low-stringency buffer
(6xstandard saline phosphate 2 EDTA, 0.01%
Tween 200005% antifoam)ol A 10 cycle(two mixes
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phycoerythrin® 2 GA3IATE o] ZAe ojejA normal
goat IgGS} biotinylated mouse antistreptavidin antibody
Z wS-Al7]3 ©hA] streptavidin phycoerythrin&. 2
AAaetaATt Chipe Hewlett Packard Gene Array
Scamner(Affymetrix, Santa Clara, CA, USA)E ~
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(Micro Array Suite) version 5022 ##dtdch
AZAEE 1509 FHA o] zAHIAL
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afrakel  FASEW JtFEA FE glogel
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Sample preparation

Hybridization
Fig. 1. Procedure of oligonucieotide chip assay
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6) Proteomic analysis
I ZEEEEW S o] &3 proteomic analysist U
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(1) Analytical two dimensional(ZD) gel
electrophoresis
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Sample preparation

Stain; scan
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Fig. 2. Procedure of proteomic analysis
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S8F9 1, 5% stacking gelol A 3ImAR A AEHA

(2) Gel scanning, image analysis, in-gel
proteolytic digestion
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1. MTT assay

R AE] 24X 3 e S AR
WO AREEREe] AS 05mgy/mAME $8)e i
Aol 0mg/mi(229%)N A BHES M 5 W
vE BAE 4 QU HFg. 3).

2. Oligonucleotide chip 447

B A8 AlgH EET chip2 Human Genome
U133 Plus 2022 chip $191 & probe B} 54,676
oln EWETF HEE 4000077 1A gk
M e Aol A ol A1 IEHEHK
o} FEE FE3 Yehd F e AFT15ng/ml)
B xzFo 2 o] Airstich
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1) Bl MY T ‘ .
01 2 o1 A METE UCAGpreguted 2ndrogen-regulated transcript 1G5 No. AJ0I0S5)

during “camptothecin-induced apoptosis of U937

% paraneoplastic antigen(GB No. AM22335), prostate

o) FEgol sEmEh o ¥ MESLH d¥HE

cells)(GB (genebank) No. BG389789), ryanodine EHTF2 UCIA(GB No. BG389789)7F A ATHTable
receptor 2(GB No. BE9GSTS0) 5 67413 o] 9o 1, Fig. 4-1).

Table 1. Increased Genes after Treatment with GRR-HAS in HepG2

Signal Log Ratio Descriptions

43 BG389789 upregulated during camptothecin-induced apoptosis of U937 cells
35 BE968750 ryanodine receptor 2
34 AL1376241  ¢DNA DKFZp434M1812
31 BF445013 mitogen-activated protein kinase 8 interacting protein 3
2.8 Al422335 paraneoplastic antigen
2.3 AT770098 prostate androgen-regulated transcript 1
1.7 AJ01039%5 dyskeratosis congenita 1
15 BF593650 sin3-associated polypeptide

GRR-HAS ; Ginseng Radix Rubra Herbal-acupuncture Solution.

Cell viability (relative O.D)

Control

0.

(mg/mL)

Fig. 3. Effects of GRR-HAS on HepG2 cell proliferation
*. Statistically significant value compared with control data. (* : P<0.05)
GRR-HAS ; Ginseng Radix Rubra Herbal-acupuncture Solution.

AL137624.1

BG 3898789

BEY68750

BF445013
A1422335 &
A1770098 ’5"
AJ0101395

BF593650 I

Fig. 4-1. GRR-HAS increased their gene expression in HepG2
Each bar indicates fold increase as shown in Table 1. X-axis indicates fold increase of GRR-HAS compared to
control and Y-axis indicates genebank numbers.
GRR-HAS ; Ginseng Radix Rubra Herbal-acupuncture Solution.

182



25w DNASH @9l 3Rl vAe Z8

2) Bl BAH EMT

o) 20 ol BAE BETFE TGR(transforming
growth factor)-a I (GB No. AF14909%.1), complement
component 1(GB No. BC007010.1) % 31474t} o}
% ffe e #AHE #ETEE TGF-a1(GB
No. AF149096.1), TGF B receptor I (GB No.
NM_003242.1), v-akt murine thymoma viral oncogene

homolog 2(GB No. AAT769075) %°] AN, cell
junction®] #H U= EETEE integrin betal(GB
No. AF086249.1), desmocollin 3(GB No. AI797281)
49 RBPl-like protein(GB No. Al051476) ol U
t}. o] 9= F-box only protein 10 (GB No.
BUS53712) T°1 AAtHTable 2, Fig. 4-2).

Table 2. Decreased Genes after Treatment with GRR-HAS in HepG2

Signal Log Ratio

Descriptions

transforming growth factor-alpha variant I
complement component 1, s subcomponent
sialyltransferase 1 (beta-galactoside alpha-2,6-sialytransferase)

signal recognition particle receptor (docking protein)

putative mitochondrial space protein 32.1

transforming growth factor, beta receptor II

prostate specific G-protein coupled receptor

v-akt murine thymoma viral oncogene homolog 2
nuclear receptor subfamily 2, group F, member 6
dimethylglycine dehydrogenase-like protein isoform 2
sprouty (Drosophila) homolog 4 (SPRY4)
dimethylarginine dimethylaminohydrolase 1

immunoglobulin receptor translocation associated protein 1b (IRTA1)
SPARC-like 1 (mast9, hevin) (SPARCL1)

membrane-type matrix metalloproteinase

-59 AF149096.1

-5 BC007010.1

-4.8 AVE95711

-4.6 AI761675 ubiquitin specific protease 9
-46 BI600341 limkain bl

-45 BG474541

-45 BUS53712 F-box only protein 10

-45 AF086249.1 integrin, beta 1

-44 AF050198.1

-4.3 Al797281 desmocollin 3

-42 NM_004807.1  heparan sulfate 6-O-sulfotransferase
-4.2 Mb64240.1 helix-loop-helix zipper protein
-4.1 Al051476 RBP1-like protein

-4 NM_003242.1

-4 AF311306

-39 AATENTS

-39 BFO00629

-38 AF047190.1

-38 NM_030964.1

-38 AIBRST18

=37 NM_003319.1  titin (TTN)

-36 NM_0043181  beta-hydroxylase (ASPH)

-36 NM_001936.1  dipeptidylpeptidase VI (DPP6)
-36 BE675337 gelsolin

-36 D78260.1 GATA-4 transcription factor
-35 BE646076 arsenate resistance protein ARS2
-35 NM_002772.1  protease, serine, 7 (enterokinase)
~-35 AF343660.1

-34 NM_004684.1

-33 X83535.1

-32 AJ2763%.1 migration stimulation factor FN70
-32 AI393937

heat shock transcription factor 1

GRR-HAS ; Ginseng Radix Rubra Herbal-acupuncture Solution.
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-7 -6 -5

Fig. 4-2. GRR-HAS decreased their gene expression in HepG2
Each bar indicates fold decrease as shown in Table 2. X-axis indicates fold decrease of GRR-HAS compared to

control and Y-axis indicates genebank numbers.

GRR-HAS ; Ginseng Radix Rubra Herbal-acupuncture Solution.

Control 5-a

Fig. 5. Proteomic analysis of HepG2 cells after GRR-HAS treatment. Confluent HepG2 cells were treated
with 1.5mg/ml of GRR-HAS for 24hrs and total proteins were obtained and analyzed as described in
materials and methods. Control was no treatment with GRR-HAS. Spot 1 is a single circle in control. Spot
2 and spot 3 are upper and lower circle in  GRR-HAS (1.5mg/mé), respectively

3. Q-TOF &#f

FIEEEER A elol BE EHE Jehie vz
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184

i F gt BAE ekl *
o7t F% AT HAFsel FPHAL. 2D-gel
=
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o EETF chipE FIATEN KB BET BE
HHRE AN Frlstd EET A HHR ¥
oflz} i 9 #LE ZHA HAE £ A H
QAo ® U f1ze] t§ oligonucleotide chip
& o] 838 BET BE HRE oME 5 Uk
T8 B olFold vzt A9 gl ARl

olo FRIKAY fEAKES Hu} Zo] olssta &
Ry FEAS 2L Wile do =8¢ HE 1% &
52 29 F JEE {BOE FEHFPKRS ZA G,
yoEsEeS Welut FrEdtiaEe] HA oligonucleotide
chip assay¥< 5§ KEY HET #EE IAA
o fgste HfrstAl =AUk

A sES BETE 21 I BEES dolde
g F&l9 Southern©|t} Northern blotting, PCRE
71208 3 SSH(substractive suppressive hybridization)””,
RDA (representational difference analysis)® 1]
T difference display™ J#ESo] QA9 B ool
RNAE MEZ3 BigHE] Fo} £2L& <7ty
EETE vasted A Q9. gy He
DNA chip 7|9 EYORE o] Hof Higed 7|3
o A7|7}F ahEEJAT T, olelet HF iy W
WA dHsks Az 74 gete) vy 9
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@7Ael TAEE dol & 4 9
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