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Gene Expression Profiling of SH-SY5Y Human Neuroblastoma Cells
Treated with Ginsenoside Rg1 and Rb1
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| ABSTRACT I

O bjectives[] The ginsenoside Rgl and Rb1, the major components of ginseng saponin, have neurotrophic and

neuroprotective effects including promotion of neuronal survival and proliferation, facilitation of learning and

memory, and protection from ischemic injury and apoptosis. In this study, to investigate the molecular basis
of the effects of ginsenoside on neuron, we analyzed gene expression profiling of SH—SY5Y human neurobla-
stoma cells treated with ginsenoside Rgl or Rb1.

Methods SH—SY5Y cells were cultured and treated in triplicate with ginsenoside Rgl or Rb1(80u M, 40p M, 20
u M). The proliferation rates of SH—SY5Y cells were determined by MTT assay and microscopic examination. We
used a high density cDNA microarray chip that contained 8K human genes to analyze the gene expression profiles
in SH—SY5Y cells. We analyzed using the Significance Analysis of Microarray(SAM) method for identifying genes
on a microarray with statistically significant changes in expression.

ResultsO Treatment of SH—SY5Y cells with 80y M ginsenoside Rgl or Rb1 for 36h showed maximal proliferation
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compared with other concentrations or control. The results of the microarray experiment yielded 96 genes were
upregulated(= 3 fold) in Rg1 treated cells and 40 genes were up—regulated(> 2 fold) in Rb1 treated cells. Trea-
tment with ginsenoside Rg1 for 36h induced the expression of some genes associated with protein biosynthesis,
regulation of transcription or translation, cell proliferation and growth, neurogenesis and differentiation, regulation
of cell cycle, energy transport and others. Genes associated with neurogenesis and neuronal differentiation
such as SCG10 and MLP increased in ginsenoside Rg1 treated cells, but such changes did not occur in Rb1—
group.

Conclusion(] Our data provide novel insights into the gene mechanisms involved in possible role for ginse-
noside Rgl or Rbl in mediating neuronal proliferation or cell viability, which can elicit distinct pattemns of gene
expression in neuronal cell line. Ginsenoside Rgl have more broad and strong effects than ginsenoside Rb1 in
gene expression and related cellular physiology. In addition, we suggest that SCG10 gene, which is known to be
expressed in neuronal differentiation during development and neuronal regeneration during adulthood, may have
a role in enhancement of activity dependent synaptic plasticity or cytoskeletal regulation following treatment of
ginsenoside Rgl. Further, ginsenoside Rgl may have a possible role in regeneration of injured neuron, promo-

tion of memory, and prevention from aging or neuronal degeneration.
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Fig 1. The microscopic pictures(x 200) of SH-SYSY cells freated with ginsenoside Rb1 or Rgl for 12, 24, 36 and 48
hours. Treatment of SH-SY5Y cells with 80u M Rb1 for 36hours showed maximal proliferation compared with

other concentrations or control.
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Fig 2. MTT assay of SH-SYSY cells treated with fotal gin-
senosides. Cells were treated in triplicate with each
8, 16, 32 y g of total ginsenosides for 12, 24, 36 and
48hours and MTT assays were performed. Y axis
shows the percentages of each treatment group
relative to the untreated matching control.
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Fig 3. MTT assay of SH-SY5Y cells freated with Rgl. Cells
were freated in triplicate with each 20, 40,80 y M
Rg1 for 12, 24, 36 and 48 hours and MTT assays
were performed. Y axis shows the percentages of
each treatment group relative to the unfreated
matching control.
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2. cDNA Microarray 32
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Fig 4. MTT assay of SH-SY5Y cells freated with Rb1. Cells
were freatfed in friplicate with each 20, 40, 80y M
Rb1 for 12, 24, 36 and 48 hours and MTT assays
were performed. Y axis shows the percentages of
each freatment group relative to the untreated
matching control.

Fig 5. The MA plot of cDNA microarray of SH-SY5Y cells
following treated with Rg1 for 36 hours. 96 genes
were up-regulated(Cy5/Cy3= 3) and seven genes
were down-regulated(Cy5/Cy3< 0.33).
M(relative expression ratio)=log2(CY5/CY3).
A(Signal intensity)=[log2(Cy5XCy3)]/2.



Table 1-1. Up-regulated genes and average expressed ratio of SH-SY5Y cells freated with ginsenoside Rg1 for 36 hours

) Gene *Exp Gene bank
Function Gene name .
symbol ratio  access number
Protein RPS21 ribosomal protein S21 1.6 Al026740
biosynthesis RPS15A  ribosomal protein S15a 1.6 AA292861
RPS15 ribosomal protein S15 1.6 J02984
UCHL1 ubiquitin carboxyl-terminal esterase L1 1.7 Al928978
RPL41 ribosomal protein L41 1.8 Al125571
RPL18A ribosomal protein L18a 1.8 F28484
UBAS52 ubiquitin A-52 residue ribosomal protein fusion product 1 1.8 AA522790
ribosomal protein $12
RPS12 ribosomal protein $28 1.8 AA314429
RPS28 ribosomal protein S27a 1.8 Al929726
RPS27A ribosomal protein S3A 1.8 AAS583926
RPS3A ribosomal protein L23 1.9 M77234
RPL23 ribosomal protein L35 1.9 Al147195
RPL35 ribosomal protein S10 2.0 AA305945
RPS10 ribosomal protein L? 2.0 Al066801
RPL9 ribosomal protein L14 2.0 Al625598
RPL14 ribosomal protein L31 2.1 D87735
RPL31 mitochondrial ribosomal protein L3 2.1 AA039258
MRPL3 ribosomal protein L38 2.1 X06323
RPL38 ribosomal protein L3 2.1 Al554584
RPL3 ribosomal protein L23a 2.1 NM_000967
RPL23A ribosomal protein $29 2.2 AA857067
RPS29 ribosomal protein L10a 2.2 AAT715449
RPL10A ribosomal protein S14 2.2 NM_007104
RPS14 ribosomal protein L13 2.2 Al928982
RPL13 ribosomal protein L35 2.3 Al382216
RPL35 ribosomal protein S3 2.3 Al815757
RPS3 ribosomal protein $23 2.3 AA593872
RPS23 ribosomal protein L12 2.4 D14530
RPL12 ribosomal protein $20 2.4 L06505
RPS20 ribosomal protein L6 2.5 AL037652
RPL6 ribosomal protein L17 2.5 Al8838138
RPL17 ribosomal protein L11 2.6 X53777
RPL11 ribosomal protein L7a 2.6 L05092
RPL7A ribosomal protein L37 2.6 Al625430
RPL37 ribosomal protein S4, X-linked 2.6 AlB79226
RPS4X ribosomal protein S7 2.7 M58458
RPS7 2.7 AA315981
Regulation of EIF3S5 eukaryofic translation initiation factor 3, 1.6 U94855
translation subunit 5 epsilon, 47kDa
EEF2 eukaryotic translation elongation factor 2 1.8 211692
EEF1B2 eukaryotic translation elongation factor 1 beta 2 2.2 X60489
RPLPO ribosomal protein, large, PO 2.3 Al92
Regulation of HMGBI high-mobility group box 1 1.6 X12597
transcription HMGB2  high-mobility group box 2 1.6 X62534
MLL2 myeloid/lymphoid or mixed-lineage leukemia 2 1.9 AF010403
INF45 zinc finger protein 45 2.0 L758479696
Signal RAN RAN, member RAS oncogene family 1.6 NM_006325
transduction YWHAE tyrosine 3-monooxygenase/iryptophan 5-monooxygenase 1.6 U54778
activation protein, epsilon polypeptide
YWHAQ  tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 1.8 AF070556
activation protein, theta polypeptide
RGSS regulator of G-protein signalling 5 2.1 Al082260
PLA2GI1B phospholipase A2, group IB 2.1 M21054
CALM2 calmodulin 2 2.1 D45887

*0 Expression rafiod M=log2(Cy3/CyS5)
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Table 1-2. Up-regulated genes and average expressed ratio of SH-SYSY cells following freatment of ginsenoside

Rg1 for 36 hours

*Exp Genebank

Function Gene symbol Gene name .
ratio access number
Cell proliferation  AF1Q ALL1-fused gene from chromosome 1g 1.6 AL038143
and Sun putative translation initiation factor 1.7 Al832315
cell growth DDX5 DEAD/H(Asp-Glu-Ala-Asp/His) box polypep 5 1.9 X15729
FTH1 ferritin, heavy polypeptide 1 2.2 AA102267
Neurogenesis GPI glucose phosphate isomerase 1.6 K03515
and SCGI10 Superior Cervical ganglion 10(Stathmin-like 2) 1.7 D45352
differentiation MLP MARCKS-like protein 1.9 Al341990
Regulation of CDK2AP1 CDK2-associated protein 1 1.6 AB006077
cell cycle CCNDI1 cyclin D1 1.8 X59798
Energy transport ~ ATP5L ATP synthase, H+ transporting, 1.6 W94335
mitochondrial FO complex, subunit g
ATPSJ ATP synthase, H+ transporting, 1.6 AA452026
mitochondrial FO complex, subunit F6
UQCRH ubiquinol-cytochrom ¢ reductase hinge protein 2.1 NM_006004
Miscellaneous OK/SW-cl.56 beta 5-tubulin 1.6 AF070561
SNRPD2 small nuclear ribonucleoprotein D2 polypeptide 16.5kDa 1.6 Al126579
ACTGI actin, gamma 1 1.6 X04098
KATNB1 katanin p80(WD repeat containing) subunit B1 1.6 AF052432
QP-C low molecular mass ubiquinone-binding protein(9.5kD) 1.6 ALO36415
AAMP angio-associated, migratory cell protein 1.7 M95627
XPO7 exportin 7 1.7 AB018288
FLJ10468 hypothetical protein FLJ10468 1.7 AA134589
NPM1 nucleophosmin 1.7 AA173870
HSPA8 heat shock 70kDa protein 8 1.7 AL044172
HSPCB heat shock 90kDa protein 1, beta 1.7 M16660
H3F3B H3 histone, family 3B(H3.3B) 1.8 NM_005324
XAB2 XPA-binding protein 2 1.8 Al613115
ABCF2 ATP-binding cassette, sub-family F(GCN20), member2 1.9 AL050291
GNB2L1 guanine nucleoftide binding protein(G protein), 2.0 AL047767
beta polypeptide 2-like 1
PPIA peptidylprolyl isomerase A 2.1 AA304657
ART3 ADP-ribosyltransferase 3 2.1 Al201027
H3F3A H3 histone, family 3A 2.1 AA313375
C20o0rf4 chromosome 20 open reading frame 4 2.2 AI300103
GNAS GNAS complex locus 2.4 X04409
TPT1 fumor protein, translationally-controlled 1 2.5 Al979107
MDS006 x 006 protein 2.7 Al016298
DKFZp45-1G182 hypothetical protein DKFZp451G182 2.7 AA931319

*[J Expression ratiod M=log2(Cy3/Cy5)
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Rgld 000 OO OO0 O0O0O OOODO oo gd gooo. 00 AF1Q, DDX50 OO OOOoOO oo
00 0000 ribosomal proteins(RPs) OO0, O 000 0000 0000 ooo ooooo@o s5)
00 Rbl0 OO0 0000 O 00O0.000 ooo (@ 1-2).

000 0000 EIF3S5, EEF1b2, RPLPO, HMGBL, Rgl0 OO0 OO0 GPI, MLP, SCG10 O UOD
HMGB2, MLL2, ZNF4500 00O 0000 000 OO OO 0000 (neurogenesis and neronal diffieren-
0000, 0O000O(signal transduction)d OO0 Yw-  tiation)d OO0 0000 000 30 00 OO0000.

Table 2. Up-regulated genes and average expressed ratio of SH-SY5Y cells following freatment of ginsenoside Rb1
for 36 hours

*Exp Genebank

Function Gene symbol Gene name .
ratio  access number
Protein RPL23A ribosomal protein L23a 1.1 AA857067
Biosynthesis RPL3 ribosomal protein L3 1.1 NM_000967
RPS27A ribosomal protein S27a 1.1 AA583926
RPS29 ribosomal protein $29 1.1 AA715449
RPS3A ribosomal protein S3A 1.1 M77234
MRPL3 ribosom mitochondrial ribosomal protein L3 1.2 X06323
RPL10OA ribosomal protein L10a 1.2 NM_007104
RPL13 ribosomal protein L13 1.2 Al382216
RPL35 ribosomal protein L35 1.2 Al815757
RPL38 ribosomal protein L38 1.2 Al554584
RPS3 ribosomal protein S3 1.2 AA593872
RPL9 ribosomal protein L9 1.2 Al625598
RPS10 ribosomal protein S10 1.2 Al066801
RPL31 ribosomal protein L31 1.3 AA039258
RPL37 ribosomal protein L37 1.3 Al879226
RPL7A ribosomal protein L7a 1.3 Al625430
RPL17 ribosomal protein L17 1.3 X53777
RPS20 ribosomal protein $20 1.4 AL037652
RPS23 ribosomal protein $23 1.4 D14530
RPL12 ribosomal protein L12 1.4 L06505
RPL11 ribosomal protein L11 1.5 L05092
RPL6 ribosomal protein L6 1.5 Al888138
RPS4X ribosomal protein S4, X-linked 1.5 M58458
RPS7 ribosomal protein S7 1.7 AA315981
Regulation of EEF1B2 eukaryofic translation elongation factor 1 beta 2 1.1 X60489
translation RPLPO ribosomal protein, large, PO 1.4 Al929696
Regulation of XAB2 XPA-binding protein 2 1.1 Al613115
transcription INF45 zinc finger protein 45 1.1 L75847
Cell proliferation TSPAN-1 tetraspan 1 1.1 AF065388
Miscellaneous ART3 ADP-ribosyltransferase 3 1.2 Al201027
C20o0rf4 chromosome 20 open reading frame 4 1.3 AI300103
H3F3A H3 histone, family 3A 1.3 AA313375
PPIA peptidylprolyl isomerase A(cyclophilin A) 1.4 AA304657
TPT1 tumor protein, tfranslationally-controlled 1 1.4 Al979107
GNAS GNAS complex locus 1.5 X04409
DKFZp451 hypothetical protein DKFZp451G182 1.7 AA931319
MDS006 x 006 protein 1.7 Al016298

*0 Expression rafiod M=log2(Cy3/CyS5)



Fig 6. The MA plot of cDNA microarray of SH-SY5Y cells
with Rb1 for 36 hours. 40 genes were up-regulated
(Cy5/Cy3= 2) and no single gene was down-re-
gulated(Cy5/Cy3< 0.5).

M(relative expression ratio)=log2(CY5/CY3).
A(Signal intensity)=[log2(Cy5XCy3)]/2.
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