ORIGINAL ARTICLE

J of Oriental Neuropsychiatry 2015;26(1):63-78

pISSN 1226-6396, elSSN 2234-4942
http://dx.doi.org/10.7231/jon.2015.26.1.063

LHI} AEYAR QIOHAUNO| k| XX| QEXIHSIOY OIX|<

0

Gk -
g d
= A A 5
887, X00*, $BZ, Hotl, 483
SAITHO W OHOIfTHO DR ZF A 0fotul | FATHO Wl OFOIOH Z I ORI *

Genome Wide Expression Analysis of the Effect of Pinelliae
Rhizoma Extract on Psychological Stress

Jong-hyo Jeong, Su-in Cho*, Young-gil Song, Ha-na Kim, Kyeong-ok Kim

Department of Korean Medicine, Graduate School of Dong-Shin University, *School of Korean Medicine, Pu-san National University

Received: February 27, 2015
Revised: March 13, 2015
Accepted: March 19, 2015

Correspondence to

Kyeong-ok Kim

Department of Korean
Neuropsychiatry, Dong-shin
University Hospital at Suncheon, 331,
Isu-ro, Suncheon, Korea.

Tel: +82-61-729-7199

Fax: +82-61-725-1717

E-mail: avecinok@hanmail.net

Objectives: Pinelliae Rhizoma has traditionally been used as an anti-depressant in oriental medicine.
This study is to investigate the effect of Pinelliae Rhizomaextract (PRe) on psychological stress in ge-
nome wild expression of mice.

Methods: After giving physical stress to mice, PRe was orally administered with 100 mg/kg/day for five
days. After extracting whole brain tissue from the mice, their genome changes were observed by mi-
corarray analysis method. The genome changes were analyzed by IMAGENE 4.0, TREEVIEW, FatiGo al-
gorithems, BOND database, cytoscape program, etc.

Results: 1. PRe administered group were remained at normal level; 60% of increase was shown in ex-
pressed genes by physical stress, and 65% of decrease was shown in expressed genes by psychological
stress. 2. Genes with increased expression in control group that remained at a normal state in PRe ad-
ministered group were involved with the gene of a cellular metabolic process on biological process,
protein binding on molecular function, and cell part on cell composition. The pathway was found to
be cytokin-cytokin receptor interaction. 3. Genes with decreased expression in control group that re-
mained at a normal state in PRe administered group were involved with the gene of a cellular metabol-
ic process on biologiacl detail and coupled ATPaes activity on molecular function. This gene related
path was Ubiquintin mediated proteolysis etc. 4. Core node genes analyzed by protein interaction net-
work were Vinculin, Cell sdivision cycle 42 homolog (S. cerevisiae) etc. They played an important role
in maintaining cytoskeleton and controlling cell cycle.

Conclusions: Several genes were up-regulated and down-regulated in response to psychological
stress. The expression of most of the genes that were altered in response to psychological stress was
restored to normal levels in PRe treated mice. When the interaction network information was ana-
lyzed, the recovery of the core node genes in PRe treated mice indicates that this final set of genes may
be the effective target of PRe.
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Fig. 1. Scheme of the communication box. Foot shock mice were
placed individually in the eight shaded areas (foot shock compart-
ments). Sociopsychological mice were placed in the eight solid areas
(non-foot shock compartment). Foot shocks were delivered in shaded
areas.
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Fig. 2. Raw image of microarray. A total sequence set of ~45,000 oli-
go-nucleotides were printed onto glass microscope slides. The probe
preparation and hybridization were performed using 3DNA array de-
tection system with 20 xg of total RNA from physical foot shock (A)
and psychosocial (B as control, C as sample) stress. Normal brain tis-
sue was used as reference RNA for all samples.
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Fig. 3. Expressional profile of microarray. The normalized ratios were hierarchically clustered by using CLUSTER and then visualized using TREEVIEW
program. Red, green, and black color represents up-regulation, down-regulation, and no change of gene expression, respectively. The color intensity
correlates with expression level of the gene. Genes increased in control and not-changed in experiment were clustered in (A). Genes decreased in

control and not-changed in experiment were clustered in (B).
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Fig. 4. The relationship between physical and psychological stress on gene expression. (A) The number of genes altered by physical or psychological
stress are depicted. The threshold for up- and down-regulation was set at 1.5 fold (0.5849 of the logarithm of base 2). (B) The effect of PRe was de-
termined based on the expression level of genes that were up-regulated in response to both physical and psychological stress. The figures represent
the number of up-regulated, normally-expressed and down-regulated genes according to each treatment condition. The dotted line indicates the
baseline of up- or down-regulation. (C) The effect of PRe was determined based on the expression level of genes that were down-regulated in re-
sponse to both physical and psychological stress. Phy; physical stress, Psy; psychological stress.

Table 1A. Functional Annotation of Genes Related in Biological Process. The Horizontal Bar Represents the Percentage of Specific Functional
Category in Biological Process, The List was Arrayed in Decreasing Percentage of Functional Category

GO biollogical process at level 3

Term Genes N[Jof genes  Percentage

Cellular metaboloc process (GO: 0044237) Rtx4.Phks2 Map3k3.MIlt3.Rars.lkzf2... 150 51.37
Primary metabolic process (GO: 0044238) Rtx4.Phks2.Map3k3.MIlt3.Rars.lkzf2... 145 49.66
Macromolecule metabolic provess (GO: 0043170) Trp53bp1.Nsbp1.Carrk2b.Fanca.Tbcel.Z.... 128 43.84
Cell communication (GO: 0007154) Ctfr468.Dffa.Cxci10.Rasgef1b.Ctfr13.... 99 33.9

Regulation of biological process (GO: 0050789) Myh10.Csf3.Epas1.4932441K18Rik.Zfp5.... 98 33.56
Cellular component organization and biogenesis (GO: 0016043)  Ppp4c.Sirt2.Edar.Rffi.Bci3.Myh14.Sy... 63 21.58
Multicellular organismal development (GO: 0007275) Hoxb8.Pax4.Mapk1.Ccrd.Bart12.Satb?... 62 21.23
Anatomical structure development (GO: 0048856) Gpr88.Vegfb.Rein.Fgtr4.Sir2 Mxt12.E.... 57 19.25
Cellular developmental process (GO: 0048869) Vegfb.Rein.Fgfr4.Sirt2 Aff4.FasSd1... 52 17.81
Establishment of localization (GO: 0051234) Atp5g3.Scn7a.Rab5b.Sic4a8.Grm2.9830... 52 17.81
Neurological process (GO: 0050877) Otfr539.Bbs4.Grm2.Rpgr.Cin5.0tfr938... 41 14.04
Cell cycle (GO: 0007049) Camk2b.Fancs.Mtbp1.Rif1.Cvcl1... 24 8.22
Response to stress (GO: 0006950) 220018M11Rik.Grm7.Myh10.Epas1.MIh3... 23 7.88
Biosynthetic process (GO: 0009058) Bci3.Aldh112.Gtpbp1.Pbx1.Mc1r.Cyid... 20 6.85
Cell adhesion (GO: 0007155) Robo2.Gp1ba.Vci.Cxadr.Spon1.Dic1.Al.. 19 6.51
Protein localization (GO: 0008104) Rab5b.5830134C10Rik.Srix12.Edzr.Rffl... 15 5.14
Catabolic process (GO: 0009056) Aldh112.Mdh1.Mrmp1a.6530401N04Rik.Mc... 15 5.14
Cell proliferation (GO: 0008283) Tix1.Vegfb.Tbx18.Rin1.Ctf2. Pbx1.Fan... 14 479
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Table 1B. Functional Annotation of Genes Related in Molecular Function. The Horizontal Bar Represents the Percentage of Specific Functional
Category in Molecular Function, The List was Arrayed in Decreasing Percentage of Functional Category

GO molecular function at level 3

Term Genes N[Jof genes Percentage
Protein binding (GO: 0005515) Smc2.Fhi5.Piaur.Ccrd.Cxd10.TIx1.Sp... 141 45.05
lon binding (GO: 0043167) Eoe2.Phi20.Rars.Arhgefi2.Mmp1a.Rrm2... 68 21.73
Nucleic acid binding (GO: 003676) Smg8.kzf2.Rccr3.Zfp111.Rix4 Msi2.N... 67 21.41
Receptor activity (GO: 0004872) Synj2bp.Trim42.01fr958.01fr1217.0f... 64 20.45
Nucleotide binding (GO: 0000166) Pip5k3.Chd1.Rac2.Sfrs9.Hac3.Rick1.D... 50 15.97
Hydrolase activity (GO: 0016787) Myh10.Pde1c.Gnb5.Smpd3.Sirt2.Ppp4c... 45 14.38
Transferase activity (GO: 0016740) 2610029101RikMap3k3.Mapk1.Ugt1ass... 39 12.46
Oxidoreductase activity (GO: 0016491) Rrm2.Hgd.F8.Hs03.Rpgr.Picd3.Msrb3.M... 19 6.07
Lipid binding (GO: 0008289) Hs1bp3.Acbd3.Srtx12.0tos.Cpm.Atp5g3... 11 3.51
Ligase activity (GO: 0016874) Ube2g2.Gluid1.Mccc1.Rffl.Ube2h.Cero... 10 3.19
GTPase regulator activity (GO: 0030695) Arhgef12.Rpgr.Rasgeflb.Gnb5.Dlc1.Ra... 8 2.56
lon transporter activity (GO: 0015075) Pidrej.Trfm45.Hyon1.Rpgr.Grm7 Atp5g... 8 2.26
Transcriptional activator activity (GO: 0016563) Trp53bp.Elf2.Epas1.Mk12.Nsbp1.Fhis... 7 2.24
Chromatin binding (GO: 0003682) MIh3.Smarca4 Nsbp1.Smarcc1.Chd1.Nsd... 6 1.92
Carbohydrate binding (GO: 0030246) Vegfb.Gaint14.Ncl9.Kira9.Dgo2 Masp... 6 1.92
Channel or pore class transporter activity (GO: 0015267) Hyon1.Nup153.Grm7.Konmb2.Pidrej.Nup... 6 1.92
Helicase activity (GO: 0004386) Smarca4.Eroo6l.Wrn.Chd1.Dhx38 5 1.60
Small protein conjugating enzyme activity (GO: 0008639) Ube2g2.Ube2h.Heow1.Ube2r2.Cblc 5 1.60

Table 1C. Functional Annotation of Genes Related in Cellular Component. The Horizontal Bar Represents the Percentage of Specific Functional
Category in Cellular Component, The List was Arrayed in Decreasing Percentage of Functional Category

GO cellular component at level 3

Term Genes N[Jof genes Percentage

Cell part (GO: 0044464) Soml2.Adam1a.1810008K21Rik.Zfp715.S... 289 95.7

Membrane-bound organelle (GO: 0043227) Acbd3.Ugt8a.Chd1.Dffs.Mgmt.Sic25a40... 128 42.38
Organelle part (GO: 044422) Pbx1.Lhx8.Trp53bp1.Atp5g3 Krtap8-1... 58 19.21
Extracellular region part (GO: 00044421) Rgr.Plod3.Tmem8.Trem1.Crif1.Apos5.E... 46 15.23
Non-menbrane-bound organelle (GO: 0043228) Chd1.Tekt4.Histth1d.Gan.Bbs4.Add2.B... 41 13.58
Vesicle (GO: 0031982) Sv2s.Rab5b.Snap23.Tmed2.Eoe2.Rffl.P.. 7 2.32
Receptor complex (GO: 0043235) ll6ra.Sdobp.Cd79a 3 0.99
Synapse part (GO: 0044456) Gabbr1.Grm2.Grm7 3 0.99
Neuromuscular junction (GO: 0031594) Myh10 1 0.33
Unlocalized protein complex (GO: 0005941) Phka2 1 0.33
Immunoglobulin complex (GO: 00019814) Cd79a 1 0.33
Virion part (GO: 00044423) NIrp9c 1 0.33
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Table 2. Pathway Analysis of Restored Genes from up-regulation by Psychological Stress. Pathway Analysis between Class A Genes in Animals
Treated with PRe. Involvement of These Genes on Different Pathway was Analyzed (A). The Horizontal Bar Represents the Percentage of Genes on
each Pathway. The List was Arrayed in Decreasing Percentage of Pathway Involvement. Sample Pathways (B and C) were Showed in Detail in which
the Class A Genes were Colored in Red. The Represented Pathways were Obtained from KEGG

KEGG
Term Genes N[ of genes Percentage
Cytokine-cytokine receptor interaction (mmu04060) Caf3.Amh.Cxci10 3 10.71
Neuroactive ligand-receptor interaction (mmu04080) Oprm1.Mafe.P2ry10 3 10.71
Mmu04120 Ube2r2.Ube2h 2 714
Olfactory transduction (mmu04740) Pdetc.Camk2b 2 714
Mmu01030 Rpn1.Mgats 2 7.14
Mmu00980 Cyp3ad4.Ugtfaba 2 714
Natural killer cell mediated cytotoxicity (mmu045650) Klca9.Cd244 2 7.14
Melanogenesis (mmu04916) Camk2b.Mc1r 2 7.14
N-Glycan biosynthesis (mmu00510) Mgat5.Rpn1 2 714
Calcium signaling pathway (mmu04020) Pdetc.Camk2b 2 714
Wnt signaling pathway (mmu04310) Cond2.Camk2b 2 714
Jak-STAT signaling pathway (mmu04630) Cond2.Csf3 2 7.14
Oxidative phosphorylation (mmu00190) Atp5g3 1 3.57
Ribosome (mmu03010) BC003885 1 3.57
MTOR signaling pathway (mmu04150) 4921505C17Rik 1 3.57
Purine metabolism (mmu00230) Pdelc 1 3.57
Focal adhesion (mmu04510) Cond2 1 3.57
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Table 3A. Functional Annotation of Genes Related in Biological Process. The Horizontal Bar Represents the Percentage of Specific Functional
Category in Biological Process, The List was Arrayed in Decreasing Percentage of Functional Category

GO biological process at level 3

Term Genes N[Jof genes  Percentage
Cellular metabolic process (GO: 0044237) Pmm1.Rsh12s.Atp5f1.Posk2. OTTMUSGO000... 157 64.08
Primary metabolic process (GO: 0044238) Pmm1.Rsh12s.Atp5f1.Posk2.OTTMUSG000... 156 63.67
Macromolecule metabolic process (GO: 0043170) Adam17.Ppib.Uch14.Dist.Zfp319.TafSb.... 134 54.69
Regulation of biological process (GO: 0050789) Ppap2s.Zip189.Lsm4.Taf9. Aes.Jazf1.Z... 90 36.73
Establishment of localization (GO: 0051234) Abd2.Chm.Sic39a8 Konc3.Kifba.Myo5s... 58 23.67
Cell communication (GO: 0007154) Trp83.Gpr158.Rab5a.Rasgeftb.V1irk1.A.... 57 23.27
Cellular component organization and biogenesis (GO: 0016043) Pop4.Smyd3.Scfd2.Chd3.Tbpl1.Sertad1... 57 23.27
Multicellular organismal development (GO: 007275) Lhx2.Fos.Rapgeft.Smpd3.Reck.Neb.Pin... 40 16.33
Anatomical structure development (GO: 0048856) Tmie.Hoxb5.Tbpl1.Sertad1.Rptgas3.Cb... 39 15.92
Biosynthtic process (GO: 0009058) Lss.Fdft1.Tbpl1.Pemt.Rpl4.Rps28.Eif... 30 12.24
Cellular developmental process (GO: 0048869) Nc13.Snrpd2.Nudt2 Hoxb5.Culs.Lpini... 27 11.02
Protein localization (GO: 0008104) Ints7.Pex7.Rab34.Scfd2.Stx1a.lpott... 14 5.71
Cell cycle (GO: 0007049) Mdm2.Fos.Smpd3.Reck.Cks2.Rbm7.Spin2... 14 5.71
Neurological process (GO: 0050877) Kif5a.Myo5a.0lfr1276.01fr890.0Ifr70... 14 5.71
Regulation of biological quality (GO0065008) Slo40a.Cckdr.Pin.Pkhd1.Ugt8s.Myoba... 11 4.49
Catabolic process (GO: 0009056) Uch14.DIst Mdm2.Smg5.Smpd3.Neb.Adam... 10 4.08
Response to stress (GO: 0006950) Hspa12a.Dusp10.A770011L01Rik.Nme5.P.. 10 4.08
Cell proliferation (GO: 0008283) Vip.Cul5.Sertad1.Pthr1.Fanci.Mdm2.C... 10 4.08

Table 3B. Functional Annotation of Genes Related in Molecular Function. The Horizontal Bar Represents the Percentage of Specific Functional
Category in Molecular Function, The List was Arrayed in Decreasing Percentage of Functional Category

GO molecular function at level 9

Term Genes NCJof genes Percentage
ATPase activity, coupled (GO: 0042623) Atp8viel.Atp511.Abcf2.Rshi2sCdh3.D... 7 43.75
MAP kinase activity (GO: 0004707) Mspk6.Mapk9 2 12.5
MAP kinase phosphatase activity (GO: 0017017) Dusp10 1 6.25
Dihydrolipoyllysine-residue succinyltransferase activity (GO: 0004149) Dist 1 6.25
Protein phosphatase type 2C activity (GO: 0015071) Dusp10 1 6.25
Cholecystokinin receptor activity (GO: 0004951) Cokbr 1 6.25
Protein phosphatase type 2A activity (GO: 0000158) Dusp10 1 6.25
Bis (5-nucleosyl)-tetraphosphatase (asymmetrical) activity (GO: 0004081) Nudt2 1 6.25
CTD phosphatase activity (GO: 0008420) Dusp10 1 6.25
Ribonuclease P activity (GO: 0004526) Pop4 1 6.25
Neuropeptide Y receptor activity (GO: 0004983) Cokbr 1 6.25
Protein phosphatase type 1 activity (GO: 0000163) Dusp10 1 6.25
Histone-lysine N-methyltransferase activity (GO: 0018024) Smyd3 1 6.25
Rab escort protein activity (GO: 00005084) Chm 1 6.25
Phosphoinositide phospholipase C activity (GO: 0004435) Cokbr 1 6.25
Bis (5-nucleosyl)-tetraphosphatase (symmetrical) activity (GO: 0008803) Nudt2 1 6.25
sto] ARragto] WAk B ot oA e, 919, Bujeldle Wotdw, AEd Ao o
olH7 giREnEle] siael Ao ole) Y 28 3 o] vk Alek Aple] duargor st 9)
Aell oldol=Al, 719] ®ale] ofgt Aol=A] A or @45’47‘48).
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Table 4. Pathway Analysis of Restored Genes from Down-regulation by Psychological Stress
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KEGG
Term Genes N[ of genes Percentage
Mmu04120 Mdm2.Herc3.Cu15.Ube3b 4 13.33
MAPK signaling pathway (mmu04010) Mapk9.Fgf11.Dusp10.Mras 4 13.33
Ribosome (mmu03010) Rpl7a.Rps28.Rp14 3 10.00
Neuroactive ligand-receptor interaction (mmu04080) Ltb4r2.Pthr1.Cokbr 3 10.00
Purine metabolism (mmu00230) Polo3.Nme5 2 6.67
Focal adhesion (mmu04510) Rapgef1.Mapk9 2 6.67
Pyrimidine metabolism (mmu00240) Nme5.Pcid3 2 6.67
Glycerolipid metabolism (mmu00561) Ach5.Ppap2a 2 6.67
Glycerophospholipid metabolism (mmu00564) Pemt.Ppap2a 2 6.67
Melanoma (mmu05218) Fgf11.Mdm2 2 6.67
Regulation of actin cytoskeleton (mmu04810) Fgf11.Mras 2 6.67
Insulin signaling pathway (mmu04910) Rapgef1.Mapk8 2 6.67
Amyotrophic lateral sclerosis (ALS) (mmu05030) Rab5a.Sw4 2 6.67
Calcium signaling pathway (mmu04020) Ltb4r2.Cdkbr 2 6.67
Terpenoid biosynthesis (mmu00900) Fdft1 1 3.33
Fc epsilon Rl signaling pathway (mmu04664) Mapk9 1 333
Adipocytokine signaling pathway (mmu04920) Mapk9 1 333
Oxidative phosphorylation (mmu00190) Atp5f1 1 3.33
Biosynthesis of steroids (mmu00100) Fdft1 1 3.33
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Fig. 6. Regulation of Ubiquitin mediated proteolysis. Pathway analysis between Class A genes in animals treated with PRe. Involvement of these
genes on different pathway was analyzed (A). The horizontal bar represents the percentage of genes on each pathway. The list was arrayed in de-
creasing percentage of pathway involvement. (B) Regulation of MAP kinase signaling pathway.
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Table 5. Top 10 Core Node Genes Altered by Psychological Stress. Genes were Ordered according to the Number of Interaction Edges. The
Expression Level of each Gene Following Treatment with PRe is also Shown

Over by psychological stress

Unigene Symbol Name Edge number Status after PRe
Mm.279361  VCL Vinculin 87 Normal
Mm.196581  MAPK1 Mitogen-activated protein kinase 1 54 Normal
Mm.6536 FANCA Fanconi anemia, complementation group A 51 Normal
Mm.27592 NCOA6 Nuclear receptor coactivator 6 49 Increased
Mm.286593  SMARCA4 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 4 Normal

subfamily a, member 4
Mm.439744  RARA Retinoic acid receptor, alpha 40 Normal
Mm.7906 PIN1 Protein (peptidyl-prolyl cis/trans isomerase) NIMA-interacting 1 32 Normal
Mm.245715  SNAP23 Synaptosomal-associated protein 23 30 Normal
Mm.2314 PRKCD Protein kinase C, delta 27 Increased
Mm.85410 SMARCC1 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 21 Normal

subfamily ¢, member 1

Down by psychological stress

Unigene Symbol Name Edge number Status after PRe
Mm.1022 CDC42 Cell division cycle 42 homolog (S. cerevisiae) 60 Normal
Mm.21495 MAPK8 Mitogen-activated protein kinase 8 47 Decreased
Mm.246513  FOS FBJ osteosarcoma oncogene 40 Normal
Mm.6225 STX1A Syntaxin 1A (brain) 40 Normal
Mm.239865  HSPA4 Heat shock protein 4 28 Normal
Mm.22670 MDM2 Transformed mouse 3T3 cell double minute 2 28 Normal
Mm.6799 FHL2 Four and a half LIM domains 2 23 Normal
Mm.27591 PSMD6 Proteasome (prosome, macropain) 26S subunit, non-ATPase, 6 22 Normal
Mm.154378  NCL Nucleolin 20 Normal
Mm.249645  JAK3 Janus kinase 3 20 Normal

Fig. 7. Protein interaction network of genes. The network of total protein interactions was measured using cytoscape program. The database was ob-
tained in BOND database (http://bond.unleashedinformatics.com). A shows the first neighborhood nodes of genes that were up-regulated in re-
sponse to psychological stress and B, down-regulated genes. Yellow nodes indicate core node genes that were altered by psychological stress.
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