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Different Gene Expression on Human Blood by Administration
of OLT-2

Min Ho Cha, Jin Seok Moon, Byung Hun Jeon', Yong Gab Yun', Yoo Sik Yoon*

Department of Medical Research, KIOM, 1:College of Oriental Medicine, Wonkwang University

This study was performed to investigate genes which are differently expressed in human blood by administrating
of OLT-2. OLT-2 was medical precipitation composed of three medicinal herbs, Ginseng Radix, Astragali Radix,
Glycyrrhizae Radix, and anti-leukemia effect of it was evaluated from Byung Hun Jeon of Wonkwang University. this
study was approved by Institutional Review Board of Korea Institute of Oriental Medicine (Taejeon, Korea) and four
male subjects participated in this study. Gene expressions were evaluated by cDNA chip, in which 24,000 genes were
spotted. Hierarchical cluster and biological process against the genes, which expression changes were more than 1.6
fold, were constructed by cluster 3.0 providing Stanford University and EASE(http:/fapps1.niaid.nih.gov/DAVID). Five
groups were clustered according to their expression patterns. Group A contained gene decreased by OLT-2 and
increased genes by OLT-2 were involved in Group B, C, D. In biological process, expression of genes involved in
cytokine or cell calcium signaling, such as interleukin 18 and G-protein beta 4 were increased, but protein tyrosine
phosphatase receptor type c, which function is cell adhesion between antigen-presenting cell and T or B-cell, was
decreased by OLT-2. This study provides the most comprehensive available survey of gene expressmn changes in’

response to anti-leukemia effect of OLT-2 in human blood.

Key words : Microarray assay, Ginseng Radix, Astragali Radix, Glycyrrhizae Radix, human blood, OLT-2, Leukemia
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compound K@ ZAE promyelocytic leukemia cellsQ] HL-602)
XL apoptosisE FLole ALE HAYRA
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1. BAFNR}
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Alslem, sl
123t Aol ’é}oi'é} ZARN
Hot A& 2 BMIE= 2 78.75 kgt 25.2 kg/m2 0]%
@3mﬂﬁﬁ1ﬁﬂw Y7i0) alcohol 4315 2oHOH, 8
AERE X9} EHE SABINEE OLT-29) HF& 24
Apent 2588 @At SR, IS OLT2 413
% 2A|17h, 4A17E 6A173of ZH2E Sml 4 RESICE AE
total RNA 2ol ALE51
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2. OLT-29] A&

= o170l Al8E OLT2 &2 ABrish aakuiol
@‘2‘3—5’% A ORHE] MIWATE OLT-2 F&Eofl thsid 71t
3l gl thed 2l Q14HGinseng Radix), &h7](Astragali
Radlx) ZHE (Glycyrrhizae Radix)& & vl EIT &7, EF<rol
3R BRI Bhe, 8271X0l0] OLT-2 Z2&=8 MAGINr
3. RNA Rz

A A 5mlg 2000x g oA 1087 MBS0
buffy coat EZ2 &5 2EE  buffy coatdl]l 1ml9]

TriZol(Gibco BRL, Gaithersburg, MD)E 5715} &, 14000x goljA]
1587} AARalsiint 4Edo| 22l phenol/chloroform(1:1)

2 27151 QMEE] &, 45N 0.6u19) isopropanolE F716H
&) RNAE ZHAIA A

152 ARR3IC

4. Microarray probing %! hybridization

AlEe] dE FAA WE HilE 244617] 9161 Tllumina
Expression chip(lllumina, Inc., San Diego, CA)E AFE3I%Ct |
A total RNA 100ngE 01838kd Mlumina RNA Amplification kit
(ambion Inc., austin, TX)E AHE5KH Biotin O F labeling® cRNA
E ATA) Aol wig} MZESIECE o1%, MAESE biotinylated
cRNAZ RNeasy kit{Qiagen, Valencia, CA)E Z A8t & Sentrix

HumanRef-8 Expression BeadChip(Illumina, Inc.,, San Diego,

- 854 -

CA)oll hybridization AlZ3C} 0% 1x High Temp washing= 5
5Coll A 1087F A& F Streptavidin-Cy37t & El bufferE
2liAZ] THE, E1BC buffer® MAHZIUEE 018 AXAI &
[llumina BeadArray Reader(Illumina, Inc, San Diego, CA)Z

haad

Scanning &}od Cy39] fluorescence intensityE EH35I3TC

24

Hierarchical clustering® Stanford ThH&F] cluster 3.03%
TreeviewZ 2 I & 2r&0IK] hierarchical clustering(average
linkage)2 &l node correlationo] 0.35~0.81 ztAloJojA]
clusterZ Z&38kd Zt AIZHHEE 28 patternol] Wil 253
C}. k-mean clustering® Bergen TH&}2] J-express 1.1 2218 &
AYE6ld  k-mean clustering8l9itt. FHAMEE  biological
process 2! pathway= Stanfordth g9 SOURCE AlOIE. (http://
genome-wwwb5.stanford.edu/ cgi-bin/ source/sourceSearch) 2}
KEGG(http:/ / www.genome.ad.jp/kegg) & 835l BAIGIMCE

5. Bioinformatics data

6. EAXE

EAN 2He

[Lie R,

avadis prophetic 33 software(http://
iem, Al g0 Bd
A2 8| Ws] $5kd Quantile normalization 290, One-way
ANOVAEZ 0|85k p<0.05 £+ZolA FYHE ASIAUCL

avadis.strandgenomics. com)& AHZ

IIF@i

m@oﬂb QIZFFE X} 24,000707} &)
chip2 AFE3EIS I, 24,0007 |[HR} spot % average intensity
7F 9 Olo]-,] EY spotE2 AASIL lowess smoothing
14600 37 SFAKE dataol 2319t 74

normalizationglo] Q% 5125

A7 e HolE Eolalr] 15k 2 AIRKHE A AL
ZAVS AW, ATAH5 0981099002 WAIZE Holst vla|gh
fal-ol’c_ﬂ 19. 4(Tab1e 1), 14600 047}1 %ﬂxk Z Moo 17}]
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FAAL 2 HIkE
MBItk 241 A0t & HET
= Ferritin heavy chain 2t
o 1.52u wgio] %7}‘5% ACE ZRIEHACE A7 H3 &
chemokine (C-C motif) ligand 5, protein tyrosine phosphatase,
receptor type, C (PTPRC),

lectin-like receptor subfamily D, member 1

k=3
T

transcript variant 4, killer cell
59 wsof 1.54) 0]



O

OLT-29] 5&0] 9§t o

)
ok
ot
=)
e}
>
143
o

Table 1. Correlation of each of subjects
sample LKS OH CJH OH OSK OH LJP OH LKS2H CJyH 2H CSK 2H LJP 2H LKS 4H CJH 4H CSK 4H LJP 4H LKS 6H CJH 6H CSK 6H LJP 6H

LKS OH 0987 0983 0987 0931 0986 098 098 088 098 09 098 098 0981 0986 0982
CJH OH 0983 0988 098 0993 0984 0982 0979 089 0981 0979 0984 0978 0982 0973
CSK OH 0%t 0975 0982 0978 0983 0979 0977 0983 0977 0981 0876 098 0975
LJP OH 098 0987 098 088 09/6 094 0881 0984 087/ 0981 0987 097
LKS 2H 0.989 099 0886 0985 0981 098 0981 098 098 098 0982
CJH 2H 0988 0984 098 0988 0981 0978 0987 0.98 098 0875
CSK 2H 0983 0977 098t 0984 098 0979 0887 098 0975
LJP 2H 0987 0977 0984 0989 098 0978 089 0.985
LKS 4H 0981 0888 0987 098/ 0978 0986 099
CdH 4H 0986 0883 098 0882 0884 0972
CSK 4H 09% 0986 0887 08688 0981
LJP 4+ 0984 0982 0991 098
LKS 6H 0987 0985
CJH 6H 0977
CSK_oH

Table 2. Genes mRNA expression of which were increased or decreased more than 1.5 fold in blood at 2h, 4h and 6h after administrating
of OLT-2

Time Gene list fold | Time Gene list fold
2 similar to Ferritin heavy chain 152 prenylcysteine oxidase 1 172
chemokine (C-C motif) ligand 5 061 leucine-rich repeat-containing 2 ] , 175
protein tyrosine phosphatase, receptor type, C, transcript variant 4 062 BTB (POZ) domain containing 5 1.76
killer cell lectin-like receptor subfamily D, member 1 transcript variant 1 0.64 Eyﬁg\oggﬁ??&oﬁg%ﬁgﬁor of mcki homolog, - melosis-speciiic 1.79
solute carrier family 16 , member 3 (SLC16A3) 150 similar to large subunit ribosomal protein L36a 1.79
similar to NADH dehydrogenase subunit 5 150 sukaryotic translation elongation factor 1 beta 2, transcript variant 2 1.86
similar to L21 ribosomal protein 153 | 4n similar to ribosomal protein L5 60S ribosomal protein L5 189
similar to hepatocellutar carcinoma-associated antigen HCA557b 154 alkaline phosphatase, placental 192
similar to 60S ribosomal protein L11 155 transcriptional adaptor 3 -like, transcript variant 2 200
nuclear prelamin A recognition factor | transcript variant 2 155 similar to Ferritin heavy chain 201
similar to Laminin receptor 1 155 similar to hypothetical protein FLJ36144 207
acidic (leucine-rich) nuclear phosphoprotein 32 family, member A 155 B7 homolog 3 209
zinc finger protein 454 156 similar to ribosomal protein L5 60S ribosomal protein L5 213
cholinergic receptor, nicotinic, alpha polypeptide 5 1.56 small nuclear RNA activating complex, polypeptide 1, 43kDa 2.31
ras-related C3 botulinum toxin substrate family member 4 1.56 protein tyrosine phosphatase, receptor type, C, transcript variant 4 052
zinc finger protein 14 157 retinoblastoma binding protein 1-like 1, transcript variant 1 055
KIAAQ186 gene product 157 PAI-1 mRNA-binding protein 056
similar to 60S ribosomal protein L10 1.58 CD3G antigen, gamma pelypeptide 059
interleukin 18 159 immune associated nucleotide 058
" similar to Translationally controlled tumor protein 159 splicing factor, arginine/serine-rich 11 064
NADH dehydrogenase (ubiguinone) 1, subcomplex unknown, 2, 14.5kDa 159 chemokine (C-C motif) ligand 5 065
similar to alpha tubulin 160 similar to Nucleophosmin 1 1.50
syntaxin binding protein 4 1.60 ribosomal protein L9 153
guanine nucleotide binding protein, beta polypeptide 4 1.61 RNA polymerase B transcription factor 3 153
-N- [-al -D- a ine: i . "

H-[a)ge\yli\lgafagt%tsém~nyl{?:nifeg)asg%‘ ctosamine:polypeptide 161 similar to Laminin receptor 1 1563
ecotropic viral integration site 5 162 similar to NADH dehydrogenase subunit 5 153
dual adaptor of phosphotyrosine and 3-phosphoinositides 164 o similar to L21 ribosomal protein 154
viperin 165 similar to 60S ribosomal protein L10 157
methyltransferase like 2 165 acidic (leucine-rich) nuclear phosphoprotein 32 family, member A 161
nicotinamide nucleotide adenylitransferase 1 166 solute carrier family 16 , member 3 ’ 161
protocadherin beta 9 167 similar to Translationally controlled tumor protein 163
polymerase (DNA directed), eta 167 leukocyte immunoglobulin-like receptor, subfamily A | member 2 1.70
chromosome 10 open reading frame 6 167 similar to large subunit ribosomal protein L36a 1.76
makorin, ring finger protein, 4 1.68 ras-related C3 botulinum toxin substrate family member 4 1.78
similar to Nucleophosmin 1 169 similar to ribosomal protein L5 60S ribosomal protein L5 179
polymerase (DNA directed) kappa 169 similar to ribosomal protein L5 60S ribosomal protein L5 190
islet cell autoantigen 1, 69kDa  transcript variant 3 1.69 eukaryotic translation elongation factor 1 beta 2, transcript variant 2 2.04
tumor necrosis factor, alpha, converting enzyme transcript variant 2 1.70 similar to Ferritin heavy chain (Ferritin H subunit) 238
ubiquitin specific protease 14 1.71 B7 homolog 3 317

A Z4BI9om, KIAA0I86  gene  product  (KIAAO186), 14 79 FHAA HE HILE BEB Aol A retinoblastoma

interleukin 18, protocadherin beta 9 (PCDHB9)Z Z3&lsH 80772 binding protein 1-like 1 (RBP1L1), transcript variant 1, CD3G

LHAFEO] 1580 014 Wdlo] E716ks AR ERIEIATE 64] antigen, gamma polypeptide (TiT3 complex)S E &S 8719 &
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Table 3. Classification of functional group and gene expression ratio (fold change).

Group Definition Biological process 2H 44 6H P-Value
chemokine (C-C motif) ligand 5 Immunity and defense 072 061 085 0017
killer cell lectin-like receptor subfamily D, member 1, franscript variant 1 Cell adhesion 075 065 075 0039
CD3G antigen, gamma polypeptide Immunity and defense 078 072 059 0031

Group A retinoblastoma binding protein 1-like 1, transcript variant 1 metabolism 092 079 055 0009
immune associated nucleotide Immunity and defense 0% 075 059 0002
protein tyrosine phosphatase, receptor type C ftranscript variant 4 Cell proliferation and differentiation 102 062 052 0001
PAI-1 mRNA-binding protein 079 0688 056 0012
splicing factor, arginine/serine-rich 11 083 084 064 0005
leukocyte immunoglobulin-like receptor, subfamily A, member 2 Signal transduction 131 147 170 0036
solute carrier family 16 (monocarboxylic acid transporters), member 3 Transport 121 150 161 0014
87 homolog 3 (B7H3) Immunity and defense 106 208 317 0027
similar to Translationally controlled tumor protein Immunity and defense 102 159 163 0015
similar to 60S ribosomal protein {10 metabolism 100 158 157 0016
riposomal protein L9 metabolism 082 137 153 0043
acidic (leucine-ich) nuclear phosphoprotein 32 family, member A 120 156 161 0034
similar to Ferritin heavy chain {Ferritin H subunit) 123 201 238 0000
ras-related C3 botulinum toxin substrate family member 4 105 15 179 0023
similar o farge subunit rivosomal protein L36a 099 179 176 0002

Group 8 s@m?lar fo L_aminin receptqr 1 _ ‘ 098 15 153 0015
simifar 1o ribosomal protein L5 60S ribosomal protein L5 09 183 179 0000
similar to Nucleophosmin 1 091 169 150 0002
similar to ribosomal protein L5 60S ribosomal protein L5 083 213 190 0000
similar to NADH dehydrogenase subunit 5 081 150 153 0003
similar to L21 ribosomal protein 084 153 154 0002
similar to Transcription factor BTF3 090 132 153 0042
similar to Laminin receptor 1 098 15 153 0015
similar 1o ribosomal protein L5 60S ribosomal protein L5 0% 189 179 0000
similar to Nucleophosmin 1 081 169 150 0002
similar to ribosomal protein L5 60S rivosomal protein L5 083 213 180 0000
similar to NADH dehydrogenase subunit 5 091 150 153 0003
KIAAQ186 gene progduct - cell cycle 085 157 113 0000
interleukin 18 immunity and defense 098 153 122 0002
dual adaptor of phosphotyrosine and 3-phosphoinositides Immunity and defense 094 164 114 0012
ubiquitin specific protease 14 metabolism 0% 171 125 0001
UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acelylgalactosaminyliransferase 3 metabolism 094 162 126 0012
DMC1 dosage suppressor of mck1 homolog, meiosis-specific homologous recombination metabolism 08 179 129 0005
nicotinamide nucleotide adenylyltransferase 1 metabolism 084 166 117 0001
polymerase (DNA directed) kappa metabolism 096 169 113 0010

Growp cholinergic receptor, nicotinic, alpha polypeptide 5- Signal transduction 09 15 116 0004
methyltransferase like 2 090 166 120 0008
viperin 098 165 126 0005
FKSG17 089 209 143 0004
BTB (POZ) domain containing 5 092 176 128 0001
similar to hepatoceiiular carcinoma-associated antigen HCAS57b 087 154 111 0049
zinc finger protein 454 083 156 110 0021
prenylcysteine oxidase 1 093 172 116 0031
zinc finger protein 14 098 157 110 0008
nuclear prelamin A recognition factor, transcript variant 2 086 155 110 0002
protocagherin beta 9 Cell adhesion 101 167 129 0001
atkaline phosphatase, placental Developmental processes 101 192 126 0000
Jeucine-rich repeat-containing 2 Immunity and defense 100 175 119 0001
small nuclear RNA activating complex, polypeptide 1, metabofism 101 231 148 0001
polymerase (DNA directed), eta metabolism 101 167 120 0001
islet cell autoantigen 1, 69kDa, transcript variant 3 Neuronal activities 108 169 t27 000t
guanine nucleotide binding protein, beta polypeptide 4 Signal transduction 100 161 124 0012

Group D NADH dehydrogenase 1, subcomplex unknown, 2, 14.5kDa Transport 100 159 124 0001
transcriptional adaptor 3-like, transcript variant 2 107 200 136 0001
makorin, ring finger protein, 4 108 169 126 0002
ecotropic viral integration site 5 109 163 129 0000
chromosome 10 open reading frame 6 103 168 128 0001
similar to 60S ribosomal protein L11 10t 185 137 003
syntaxin binding protein 4 093 160 118 0000
similar 10 alpha tubuiin 105 160 117 0004

Group £ similar to Ferritin heavy chain 152 097 108 0023
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A} e¥s10] 1.580
receptor, subfamily A2} B7 homolog 3 (B7TH3)E Z ok 157
9] FHA} walo] 156} ol4) Erichs AL E ERIFQUCE 7} Al
T EE wdlo] Hgmls FHARGS Table 200 37151930

245199 M, leukocyte immunoglobulin-like

2. OLT-2 280 25t A 2Fd pattern E4

40l gHolAH OLT-28 BHE8AIZ] & A7k WE & |4
A9} 2k pattern2 hierarachical clustering SF 23} & 5719
clusterS ZX619CHFig. 1). Cluster Ax OLT-2 =& 0% A|7H
of) wiel 248k SHAFER chemokine ligand 5, CD3 antigen
T18])1L protein tyrosine phosphatase receptor C & 8719 74
A7E o] FEof  EEErh Boll =
immunoglobulin-like receptor, B7 homolog 3, RAC4 & 22719]
FRAE0] ZEHH, OLT-2 B8 ol% A&HOE Srlshe &
HAEE FeE=o] QArk Cluster C2F DE OLT-2 & 441310
7t aadkeE FARRESE KIAADLSS,
Interleukin 18, protocadherin beta 9 Z12] 1l Leucine-rich repeat
containing 25 42719} FEAIE o) Foll T Cluster Ex
=28 & 2A7t] wilo] EU1e & Zadhs FAANRE Ferritin
subunit)7} o} ol EEETEL 7 2ol
B 5h= Table 30 F713I1%

Cluster Leukocyte

25| &

heavy chain (Ferritin H
e SAREY Ud

2H 44 6H A B
o
(r: D
AN

et o PRI S

Fig. 1. Hierarchical cluster analysis of genes at different time. feft, 92
genes were clustered 5 groups according their expression profile. Right, the
normalized K-mean expression level was shown for each cluster of genes in
graphical form.

3. OLT-2 280 93} VIsd FHAF wd vin 24
OLT-2¢0] &j3 M= FHAIEY] biological processE
AYgH 23}, eukaryotic translation elongation factor 1 beta 2
13749} SHZ7} metabolismol] Highs ASFE ERIFU S,
interleukin 18 & 8719 |FHAl= WEEGY Todle ALE
2O1EIYrt. 2t biological processol] £8H= &AL 4F Fig. 2
ol E7I5I9C) ol FAAL & KEGG databaseE 0]E3}]
AE7NHAL 2018t A, antigen presenting celldt T-cell 719

=
=
o

cell communicationol] TAGIH T-cell ESE FEdh= AOE
QEdZ] PTPRCY A2 OLT-20 9Ja whalo] LAsE Aog &

SRz e W

==
20

f!

rr

QR CH, cytokine?] ¢t EFE B-celld] E3E HXSh= A2

UEA7R) 1L182} cell W signal transductionoll #odsh= GNB4
o] w2 OLT-20] 9al £715Hs ASRE FolEAriFig. 3).
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Fig. 2. Number of regulated genes differentially expressed in human
blood by OLT-2 according to biological process.
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Fig. 3. Pathway analysis (cell adhesion, hypertrophy and calcium
signaling pathway) using genechip pathway profiler that is a
computer application designed to visualize gene expression data on
screen representing biological pathways and groupings of genes.
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Microarray 23}, OLT-2 B& 2A17WHA] Halsls AR
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