Available online at www.tox.or.kr

Genomewide Expression Profile of Forsythia Suspensa on
Lipopolysaccaride-induced Activation in Microglial Cells

Sung-Hwa Sohn!?, Eunjung Ko',
Yangseok Kim', Minkyu Shin'?,
Moochang Hong' & Hyunsu Bae!'~

'Department of Physiclogy, College of Oriental Medicine,
KyungHee University, Seoul 130-701, Korea

’BK21 Oriental Medical Science Center, KyungHee University,
Seoul 130-701, Korea

Correspondence and request for materials should be addressed to
H. S. Bae (hbae@khu.ac.kr)

Accepted 1 April 2008

Abstract

Microglia, which is the primary immune effector cells
in the central nervous system, constitutes the first
line of defense against infection and injury in the
brain. The goal of this study was to determine the
protective (anti-inflammation) mechanisms of forsy-
thia suspense (FS) on LPS-induced activation of BV-
2 microglial cells. The effects of FS on gene expres-
sion profiles in activated BV-2 microglial cells were
evaluated using microarray analysis. BV-2 microglial
cells were cultured in a 100 mm dish (1 x 107/dish)
for 24 hr and then pretreated with 1 pg/mL FS or left
untreated for 30 min. Next, 1 pg/mL LPS was added
to the samples and the cells were reincubated at 37
°C for 30 min, 1 hr, and 3 hr. The gene expression
profiles of the BV-2 microglial cells varied depending
on the FS. The oligonucleotide microarray analysis
revealed that MAPK pathway-related genes such as
Mitogen activated protein kinase 1 (Mapk1), RAS
protein activator like 2 (Rasal2), and G-protein coupl-
ed receptor 12 (Gpr12) and nitric oxide biosynthesis-
related genes such as nitric oxide synthase 1 (neu-
ronal) adaptor protein (Nos7ap), and dimethylargi-
nine dimethylaminohydrolase 1 (Ddah1) were down-
regulated in FS-treated BV-2 microglial cells. FS can
affect the MAPK pathway and nitric oxide biosynthe-
sis in BV-2 microglial cells. |
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It has been proposed that microglia, which is the
primary immune effector cells, play a role in host
defense and tissue repair in the central nervous system
(CNS). Microglia constitute the first line of defense
against infection and injury in the brain', and activat-
ed microglia release neurotoxic factors such as nitric
oxide (NO), as well as cytokines and chemokines,
such as interleukin (IL)-173, IL6, tumor necrosis fac-
tor (TNF)-at, and MIP-1**. Nitric oxide (NO) plays
an important role in diverse physiological processes,
including smooth muscle relaxation, platelet inhibi-
tion, neurotransmission, immune responses and inflam-
mation. In addition, NO is known to be an important
mediator of acute and chronic inflammation’. Inhibi-
tion of microglial activation, therefore, would be an
effective therapeutic approach to alleviate the progres-
sion of inflammation disease, Alzheimer’s disease,
Parkinson’s disease and other neurodegenerative dis-
cases™ P,

During a search for new agents from medicinal
plants for use in the treatment of neuroinflammation
disease, the spray-dried extracts of 270 herbal medi-
cines in a phytolibrary™ kit were tested for their abil-
ity to inhibit LPS-induced NO production in BV-2
microglial cells. Of these medicinal plants, forsythia
suspense (FS) was selected for this study based on its
higher inhibitory activity. FS is a well-known tradi-
tional Chinese medicine that is used in its crude form
as an antipyretic, antidotal and anti-inflammatory
agent for the treatment of infections, such as acute
nephritis, erysipelas and ulcer’. Many factors contri-
bute to the appeal of herbal medicine, and its support-
ers claim that herbs may both treat and prevent dis-
eases. This adds to a deep belief that these treatments
are safe because they are natural and fit into the image
of a gentle and, therefore, harmless alternative to
conventional medicine'®-!,

This study was conducted to determine the pro-
tective effects of FS on LPS-induced activation in
BV-2 microglial cells. Specifically, FS was evaluated
to determine if it could prevent LPS induced activa-
tion of microglial cells. The anti-neuroinflammation
strategies and their possible mechanisms are also
discussed herein.
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Gene Expression Profiles in BV-2
Microglial Cells

Gene expression profiles were significantly up- or
down-regulated in the experimental groups (LPS or
LPS plus FS-treated BV-2 microglial cells) when
compared with the control (non-treated BV-2 micro-
glial cells). When the microglial cells were treated
with LPS and FS were evaluated, 497 up-regulated
probe sets and 758 down-regulated probe sets were
selected from the experimental group using approxi-
mately 45,100 oligonucloetide probes. These up- and
down-regulated probes revealed that several genes
involved in various functional categories were coor-
dinately induced in the experimental groups when
compared with those in the control (Figure [). These
genes were Involved in processes including metabo-
lism, signal transduction, transcription, cell cycle,
transport, apoptosis, biological process, development,
cell adhesion, translation and proliferation (Figure 1).
Genes showing highly altered expression levels were
aligned according to the magnitude of the altered
expression. The most differentially expressed genes
(113 up-regulated, 122 down-regulated) are listed in
Table 1 and 2, which shows a comparison of the ex-
pression levels of a variety of genes between the ex-
perimental group and the control. All genes were
grouped 1nto functional categories and metabolic path-
ways based on the KEGG database. To obtain a mole-
cular portrait of the metabolism associated with the
experimental group, we used a hierarchical clustering
algorithm to group genes on the basis of similar ex-
pression patterns and then presented the data in a
matrix format (Figure 2). Each row in Figure 2 repre-
sents the hybridization results for single oligonucleo-
tide probes of the array, and each column represents
the expression levels for all genes in a single hybridi-
zation sample. The expression level of each gene was
visualized in color relative to its median expression
level across all samples. Red represents expression
greater than the mean and green represents expression
less than the mean, and the color intensity denotes the
degree of deviation from the mean. Gray represents
the median expression level. Distinct samples repre-
senting similar gene patterns from control cells are
aligned in adjacent rows. The cells included in this
map were obtained from both the experimental group
and the control. Coordinately expressed genes are
grouped 1nto clusters, which are named according to
the cellular process in which they participate.

Discussion

The microarray technique 1s a molecular technolo-
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Figure 1. Gene Ontology classifications of genes based on
comparison of gene expression between experimental (for-
sythia suspense (FS)-treated-treated) and control (non-treated
or LPS-treated) BV-2 cells.

oy that enables the analysis of gene expression in
conjunction with a very large number of genes that
encompass a significant fraction of the human ge-
nome. This method is qualitative as well as quanti-
tative because it possesses the sensitivity to detect ch-
anges in the levels of expression in the investigated
cells when compared with the control samples'*!?.
An understanding of these molecular processes can
then be used in the development of more advanced
therapies for the herbal treatment of neuroinflam-
mation disease.

During a search for new therapeutic agents for the
treatment of neuroinflammation disease using medi-
cinal herbs, 270 herbal medicines in the phytoli-
brary™ kit were tested for their ability to inhibit LPS
-induced NO production in BV-2 microglial cells.
This search revealed that FS showed considerable in-
hibition at a concentration of 1 ug/mL; therefore, it
was selected for further analysis to determine the in-
hibition mechanisms of NS on LPS-induced NO pro-
duction in BV-2 microglial cells. In addition, we found
that the FS non-cytotoxicity affected the viability of
BV-2 microglial cells (data not shown). The early sig-
naling events involved in LPS-induced microglial
activation are not completely understood; therefore
the effects of FS on the gene expression profiles of
BV-2 microglial cells that were treated for different
lengths of time (30 min, 1 h, and 3 h) were evaluated.

Specific and significant alterations of the expres-
sion profile of FS-treated BV-2 microglial cells were
observed (Table 1 and 2). The genes found to be dif-
ferentially expressed were responsible for processes
including cell cycle and proliferation, signal trans-
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Table 1. Up-regulation of genes based on comparison of gene expression between experimental (forsythia suspense (FS)-treated)

and control (non-treated or LPS-treated) BV -2 cells.

Gene

Regulation profile and ratio

Gene description LPS FS
symbol —
30m L hr 3 hr 30m lhr 3hr
< Transport-related genes >
Similar to Potassium voltage-gated channel LOC240444  —4.11 —3.76 —0.76 A64 424 (.88
subfamily G member 2
solute carrier family 6 (neurotransmitter transporter), Slc6ald _447 -218 385 442 234 370
member 14
trjél}f}’fzﬁyl gﬁ;‘f{%ﬁf) cassette, Tapl _327 —340 -3.68 377 325 3.86
cystic fibrosis transmembrane conductance Cfir 333 _472 483 364 235 445
regulator homolog
cholinergic receptor, nicotinic, alpha polypeptide 5 Chrnab —2776 —2.47 —2.63 348 3778 233
glutamate receptor, ionotropic, kainate 1 Grik1 —-2.17 =300 —4.46 295 315 449
solute carrier family 1 (neuronal/epithelial high affinity Slelal 081 -054 121 293 3.00 2.49
glutamate transporter, system Xag), member 1
oxysterol binding protein 2 Osbp2 -2.01 —-3.05 —1.87 2.85 223 250
solute carrier family 25, member 37 Slc25a37 -4.17 —450 —2.98 245 1.06 3.60
cytochrome P450, family 2, subfamily ¢, polypeptide 38 Cyp2c38 —-1.94 -0.61 -2.17 2.14 078 277
solute 'carrier fgmily 25 (mitochondrial carrier, 125429 963 —103 —1.32 186 130 072
palmitoylcarnitine transporter), member 29 |
lipocalin 9 Len9 -2.65 -351 -—1.21 1.74  0.70  1.60
expressed sequence AW146299 AW146299 —-2.34 =258 —154 1.66 1.62 1.76
gulonolactone (L.-) oxidase Gulo —-2.39 —-359 —4.97 1.35 217 452
orosomucoid 1 Orm1 -1.81 —-292 282 1.31 486 1.75
potassium channel, subfamily K, member 5 KcenkS —-299 -196 —1.57 0.64 281 1.66
potassium mwardly-rectifying channel, subfamily J, Keni2 170 —127 -2.08 057 300 4.62
member 2
< Metabolism-related genes >
phosphatidylinositol glycan anchor biosynthesis, class N Pign —4.07 —4.05 =215 449 396 3.04
UDP-GalNAc:betaGlc_NAc betal,3-galactosaminyl B3galnt2 336 —370 -285 431 336 312
transferase, polypeptide 2
l-acylglycerol-3-phosphate O-acyltransferase 6 Agpatb -3.08 —0.81 —0.88 370 098  1.42
phospholipase C, beta 4 Plcb4 —2.99 241 221 325 270 231
phospholipase C, beta 1 Plcbl —-2.86 -—-1.05 =271 250 093  1.79
glycine decarboxylase Gldc —-248 —1.93 —0.96 249 216 0.87
lipoic acid synthetase Lias -1.79 —-1.07 -0.78 205 141 1.14
glutamic-oxaloacetic transaminase 1-like 1 Gotlll -3.66 —374 —2.51 1.76  0.86 1.51
protein phosphatase 1, regulatory (inhibitor) subunit 3C Ppplr3c -1.94 —-108 —-1.09 .64 1.12 1.80
Phosphatidylinositol-4-phosphate 5-kinase, type 1 beta Pip5klb —-147 —-106 —0.98 .59  1.17  1.92
UDP glucuronosyltransferase 2 family, polypeptide B38 Ugt2b38 —4.18 —338 —2.32 .11 0.62 147
phospholipase A2, group VI Pla2g6 -0.64 —4.11 —1.59 1.10 474  1.82
beta-1,3-glucuronyltransferase2 B3gat2 —470 381 -2.68 109 178 137
(glucuronosyltransferase S) “
phosphoglycerate mutase 2 Pgam?2 -201 =226 -—19] 1.06 148 0.75
ST8 alpha-N-acetyl-neuraminide alpha-2.8- $18sia2  —0.69 —069 —1.56 085 134 1.93
sialyltransferase 2
< Transcription-related genes >
RIKEN cDNA 4933403003 gene 4933403003 —2.84 -—-2.81 -—1.15 410 320 204
POU domain, class 6, transcription factor 2 Pou6tf2 —327 —-32% -—0.99 375 433 1.13
sine oculis-related homeobox 6 homolog (Drosophila) Six6 -1.80 —1.21 —1.01 327 150 234
thymopoietin Tmpo —297 —406 —3.67 307 312 396
centromere protein B Cenpb -243 —-145 -—1.16 287 226 154
homeo box, msh-like 1 Msx} —-2.13 —-1.68 —-0.59 269 269 1.88
paired-like homeobox 2a Phox?2a -0.91 —388 —2.24 251 476  1.68
R AR-related orphan receptor alpha Rora 278 —1.81 —2.80 1.87 184 0.65
tripartite motif protein 27 Trim27 —-1.00 —258 224 145 137 224
vestigial like 1 homolog (Drosophila) Velll —0.84 =278 272 132 235 284
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Table 1. Continued.

Regulation profile and ratio

Gene description Gene L.PS ES
symbol -
30m 1 hr 3hr 30m " lhr 3hr

enhancer of polycomb homolog 1 (Drosophila) Epcl -338 —400 -185 062 0.69 0.69
POU domain, class 6, transcription factor 1 Pou6tl -1.51 —-2.62 =235 057 150 0.88
< Development-related genes >
LIM domain binding 2 Ldb2 =277 —248 064 356 278 105
exostoses (multiple) 2 Ext2 -212 =172 =089 313 262 1.78
testis-specific serine kinase 2 Tssk2 -1.19 =198 —-0.74 293 241 247
outer dense fiber of sperm tails 1 Odfl —3.71 —347 =342 237 238 259
dentin sialophosphoprotein Dspp -0.80 —-093 —-1.09 183 200 1.59
Norrie disease homolog Ndph —-1.54 —-409 -394 054 273 226
< Cell adhesion/migration-related genes >
cadherin 13 Cdh13 -3.12 —-144 —125 356 095 241
nuclear receptor subfamily 2, group F, member 2 Nr2t2 -346 —-1.13 =514 315 073 4121
myosin binding protein H Mybph -134 —-143 =239 255 058 3129
laminin B1 subunit 1 Lambl-1 -202 =290 -—-170 246 438 164
killer cell lectin-like receptor, subfamily A, member 1 Klral —0.75 —3.39 =212 241  0.86 2.80
scavenger receptor class F, member 2 Scarf2 —-3.67 —3.12 —1.52 149 054 1.31
podocalyxin-like 2 Podxi2 -437 =535 —-498 120 0.60 132
procollagen, type X, alpha 1 Col10al -285 —288 =296 097 138 135
Fez family zinc finger 1 Fezfl -0.79 276 —1.83 059 284 1.69
< Biological process-related genes >
calmodulin regulated spectrin-associated protein [ Camsap] -235 =209 —-0.60 342 333 233
prion protein interacting protein 1 Propipl -262 =312 =270 299 187 3.36
AT hook, DNA binding motif, containing 1 Ahdcl —2.32 —1.68 —2.19 286 205 3.32
activating transcription factor 7 interacting protein 2 Atf7ip2 -1.00 =236 -—172 247 370 359
Amyotrophic lateral sclerosis 2 (juvenile) Als2crl3  —124 =222 =395 206 141 459

chromosome region, candidate 13 (human)
melanoma antigen, family B, 5 Mageb3 —2.11 —1.41 —2.22 1.67 141 0.96
cadherin 4 Cdh4 -164 —145 —-094 140 181 0.71
< Translation-related genes >
mitochondrial ribosomal protein L41 Mrpl41 -1.04 -—-141 —-175 331 098 425
< Proteolysis-related genes >
elastase 2A Ela2a -285 -152 -179 283 123 134
transducin (beta)-like 3 Tbl13 —4.12 —343 =372 256 066 104
transmembrane protease, serine 2 Tmprss2 -137 -—-121 —-406 108 154 3.83
Protease, serine, 23 Prss23 —2.36 -2.10 —-1.67a 0.81 079 274
a disintegrin-like and metallopetidase (reprolysin type)

with thrombospondin type lpmotif, g POYHRER Adamtsl6  —0.78 —178 —3.65 080 148 3.24
< Apoptosis-related genes >
coagulation factor II (thrombin) receptor F2r —2.65 —4.65 —3.87 1.68 0.50 2.96
B-cell leukemia/lymphoma 2 related protein Ala Bcl2ala -0.81 —134 =200 093 380 4.00
< Cell cycle-related genes >
NIMA (never in mitosis gene a)-related expressed kinasel Nekl —-558 —-171 =352 579 289 094
Adenomatosis polyposis coli 2 Apc2 —441 —1.89 —463 413 226 452
inner centromere protein Incenp -3.02 —281 —-2.63 328 3.05 207
protein kinase C, alpha Prkca -190 -—-273 -—146 1.79 141 0.60
growth arrest-specific 2 like 1 Gas2l1 —-1.38 —-2.84 =315 092 050 144
c-fos induced growth factor Figf -1.54 -250 -130 079 150 193
< Signal transduction-related genes >
dickkopf homolog 4 (Xenopus laevis) Dkk4 -523 —-106 —482 499 095 374
prokineticin receptor | Prokrl -222 =241 -—176 456 284 137
N-deacetylase/N-sulfotransferase Ndstl 364  —119 —230 440 091 0.96

(heparan glucosaminyl) 1 ' ' ' ' ' '
endothelin 3 Edn3 —-4.19 =309 =241 423 072 211
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Table 1. Continued.
Regulation profile and ratio
Gene description Gene LPS FS
symbol

30m 1 hr 3hr 30m 1hr  3hr
Eph receptor A7 Epha7 —-435 =393 -—-471 382 362 5729
insulin-like growth factor binding protein 4 Igtbp4 -3.86 —143 -124 3.67 147 056
Centaurin, delta 1 Centd1 —-1.92 =316 —198 358 561 2380
RAB36, member RAS oncogene family Rab36 -3.68 —287 -0.62 338 361 097
phosphodiesterase 6H, cGMP-specific, cone, gamma Pde6h -277 —-1.06 -0.60 287 320 217
discs, large (Drosophila) homolog-associated protein 1 Dlgapl -332 484 275 281 373 0.74
plexin A4 Plxna4 —2.31 -284 404 251 325 259
succinate receptor | Sucnrl -238 =389 093 232 290 0.39
olfactory receptor 1507 Olfr1507 -1.57 -139 -—138 228 1.61 193
connector enhancer of kinase suppressor of Ras 1 Cnksrl —-135 145 -149 202 176 1.39
taste receptor, type 2, member 119 Tas2r119 -2.17 —-289 —0.87 1.66 302 0.65
PDZ and LLIM domain 3 Pdlim3 -1.24 -1.74 —-1.70 .37 159 140
transforming growth factor, beta receptor I Tgfbrl -0.52 219 =092 1.12 206 1.53
Centaurin, delta 1 Centd] —-3.65 —-240 —4.14 1.03 1.14 2.30
Eph receptor A5 Epha3s -2.80 201 =236 099 253 195
G protein-coupled receptor, family C, group 6, member A Gprcba -1.66 —-250 -216 083 256 3.20
regulator of G-protein signaling 12 Rgs12 —-1.14 —-248 =233 074 255 0.63
Nischarin Nisch -0.85 281 —-480 054 188 4.4
< The others >
U1l small nuclear ribonucleoprotein polypeptide A Sorp70 —-411 —-474 —192 493 488 233
odd Oz/ten-m homolog 4 (Drosophila) 0Odz4 —4.88 —1.69 —198 445 0.77 251
Kinesin family member 21 A Kif21a -363 —292 469 275 0.63 472
histone cluster 3, H2ba Hist3h2ba —(.93 -2.04 —1.58 1.32 266 1.58
dihydropyrimidinase-like 5 Dpysl5 -231 =207 -1.84 .15 274 0.07
UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyl B3gnt? ~153  —349 —246 095 259 130

transferase 7

C-type lectin domain family 2, member h Clec2h -1.76 =214 —452 058 121 3.83

duction, transport, metabolism, transcription, deve-
lopment, adhesion and migration, translation, inflam-
matory and immune response, proteolysis and nitric
oxide biosynthesis, as well as other functions. The
MAPK pathways-related genes (Mitogen activated
protein kinase 1 (Mapkl), RAS protein activator like
2 (Rasal2), G-protein coupled receptor 12 (Gpril2)
and nitric oxide biosynthesis-related genes (nitric
oxide synthase 1 (neuronal) adaptor protein (Noslap)
and dimethylarginine dimethylaminohydrolase 1
(Ddahl) were down-regulated in the FS-treated BV-2
microglial cells (Table 2). The MAPK pathways are
deeply involved in signaling for various immune re-
sponses such as apoptosis. MAP kinases are serine/
threonine kinases, which include the extracellular
signal-related kinases (ERKs), p38 kinases, and c-Jun
N-terminal kinases (JNKs). Activation of the MAPK
kinase pathway often occurs in response to growth
factor stimulation of receptor tyrosine kinases, which
are coupled to the activation of Ras G-proteins through
Src homology 2 domain-containing proteins, such as
Shc and Grb2, and quinine nucleotide exchange fac-
tors such as SOS™*1°, The results of this study reveal-

ed the down-regulation of Mapk1, Rasal2, and Gprl2
in FS-treated BV-2 microglial cells (Table 2). Each of
the MAPKSs has been implicated in neuroinflammato-
ry events and the MAPK pathways have been linked
to mediation of many of the physiological responses
to NO. For example, NO regulation of matrix metallo-
proteinases proteins, including MMP1, during intlam-
matory and angiogenic responses may require MAP
kinase proteins. NO is a signaling molecule, neuro-
transmitter, and immune effector'*!®!7 that is produced
by the activity of the family of enzymes known as the
nitrix-oxide synthases (NOSs). The Noslap gene
encodes a cytosolic protein that binds to the signaling
molecule, neuronal nitric oxide synthase (nNOS). This
protein has a C-terminal PDZ-binding domain that
mediates interactions with nNOS and an N-terminal
phosphotyrosine binding (PTB) domain that binds to
the small monomeric G protein, Dexrasl. Studies of
related mouse and rat proteins have shown that this
protein functions as an adapter protein linking nNOS
to specific targets, such as Dexrasl and the synap-
sins'®. The results of this study indicated that Nos/ap
was down-regulated in FS-treated BV-2 microglial
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Table 2. Down-regulation of genes based on comparison of gene expression between experimental (forsythia suspense (FS)-
treated) and control (non-treated or LPS-treated) BV-2 cells.

Regulation profile and ratio

Gene description Gene LPS ES
symbol - -
30m lhr  3hr 30 m 1 hr 3 hr

< Nitric oxide biosynthesis-related genes >
Dimethylarginine dimethylaminohydrolase 1 Ddahl 394 329 388 -539 -054 —3.50
nitric oxide synthase 1 (neuronal) adaptor protein Noslap 275 321  3.58 -1.09 —1.52 =322
< Response to oxidative stress-related genes >
zinc finger protein 292 Ztp292 091 0794 1.17 —-2.08 =221 —-2.07
< Cell cycle & proliferation-related genes >
vascular endothelial growth factor C Vegic 1.19 229 286 -3.31 —-440 -2.20
transforming growth factor, beta 2 Tgfb2 267 1.67 222 —-331 =202 -1.60
Nipped-B homolog (Drosophila) Nipbl 053 1.05 0.58 =271 =331 —-1.43
Non-SMC condensin II complex, subunit D3 Ncapd3 229 1.16 1.80 =205 -090 -1.57
interleukin 11 11 228 239 239 —-1.34 —-193 -1.60
< Signal transduction-related genes >
sortilin-related VPS10 domain containing receptor 3 Sorcs3 242 1.21  1.04 -435 =202 -120
Dystrobrevin alpha Dtna 294 303 285 -398 —-161 —1.73
Mitogen activated protein kinase 1 Mapk1 1.35 0.68 1.89 —-347 -096 —2.36
Rho/rac guanine nucleotide exchange factor (GEF) 18 Arhgefl8 1.28 1.78  0.67 —-347 =270 —1.24
Spleen tyrosine kinase Syk 1.38 239 252 —-3.13 —-292 -1.68
Coronin, actin binding protein 1C Corolc 1.37 218 1.02 -3.03 =277 -2.04
Tensin 3 Tns3 1.76 2,13 191 —-2.86 —-3.87 —3.71
adrenergic receptor, alpha 2b Adra2b 238 346 1.18 -2.78 —=0.80 —0.66
KRIT1, ankyrin repeat containing Kritl 0.82 0.69 1.05 -275 =372 —-1.05
Rho guanine nucleotide exchange factor (GEF) 11 Arhgefl] 327 329 3.69 -270 —-1.75 -=2.16
somatostatin receptor 4 Sstr4 345 154 3.19 —-2.44 -1.08 —2.20
1Q motif and Sec7 domain 2 Igsec2 1.36  2.00 1.89 —-232 =294 -=-2.61
TAO kinase 2 Taok2 073 164 1.80 -201 —-125 -—1.14
Vav 3 oncogene Vav3 0.70 092 0.62 -1.78 =536 —1.17
Protein tyros.ine phosphatase, receptor type, Ptprn? 361 397  3.83 _164 —248 —134

N polypeptide2
calcineurin binding protein 1 Cabinl 0.79 070 0.70 -1.59 =200 -—1.52
Protein tyrosine phosphatase, receptor type, D Ptprd 0.86 3.59 4.76 —-1.48 —-1.68 —1.20
Rap guanine nucleotide exchange factor (GEF) 2 Rapgef?2 0.74 1.68 1.38 —-140 —-1.51 -—0.59
Wnt inhibitory factor 1 Wifl 4.15 452 139 —-1.20 -3.49 =209
phosphate regulating gene with homologies Phex 143 368 4.06 114  —447 —137

to endopeptidases on the X chromosome
Mastermind like 2 (Drosophila) Maml2 2,12 1.83 2.44 —1.12 =349 =3.72
histamine receptor H 3 Hrh3 200 220 222 -1.07 =257 -2.60
predicted gene, EG665317 EG665317 146 2.16 234 -1.07 -0.66 —1.20
neuregulin 1 Nrgl 227 329 085 -1.05 —-3.08 —-0.97
glial cell line derived neurotrophic factor family Gf _ _ _

ra2 1.33 322 294 1.03 2.95 1.05

receptor alpha 2
RAS protein activator like 2 Rasal2 1.55 071 2.8 -092 -0.88 -—2.14
G-protein coupled receptor 12 Gprl2 1.96 436 293 -091 -297 =214
a disintegrin and metallopeptidase domain 7 Adam’7 290 351 435 —-0.65 —-172 -—-3.14
< The others >
spectrin beta 2 Spnb2 3.0 270 142 —-443 =317 —0.88
tubulin, beta 2b Tubb2b 345 170 451 —-436 —-052 —0.66
calbindin-28K Calbl 425 541 5.27 -2.99 —-4.69 -512
tropomyosin 2, beta Tpm?2 342 3.66 344 -2.25 —-0.56 —3.57
TAO kinase 1 Taok] 0.66 0.85 135 -2.21 =398 —2.02
dentin matrix protein | Dmpl 288 337 432 -2.14 =219 —0.58
centromere protein E Cenpe 0.50 0.62 1.33 -205 -268 213
zinc finger CCCH type, antiviral | Zc3havl 0.51 1.14 1.02 -1.79 =215 -—1.75
SUMOI activating enzyme subunit 1 Sael 0.68 058 0098 —-1.74 -374 —1.68
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Table 2. Continued.
Regulation profile and ratio
Gene description Gene LPS FS
symbol
30m lhr 3hr 30m 1 hr 3hr
ul)n(lqmtously transcribed tetratricopeptide repeat gene, Utx 188 162 137 ~162 =175 —0.66
chromosome

heat shock protein 14 Hspal4 233 224 209 -056 —161 —1.39
< Transport-related genes >
potassium channel, subfamily V, member 1 Kenvl 391 167 239 —-395 057 -—-105
RAN binding protein 5 Ranbp5 1.05 151 090 —-384+ —185 —1.68
solute carrier family 2 (facilitated glucose transporter), Slc2al? 112 070 102 338 216 —2.30

member 12
potassium large conductance calcium-activated channel, Kenmal 351 279 229 301 =245 —279

subfamily M, alpha member 1
synaptotagmin 1X Syt9 1.68 122 246 —2.87 —-089 —424
RNA binding motif protein 6 Rbmb6 0.79 0.85 0.89 —1.90 —-555 —1.80
glutamate receptor, ionotropic, delta 2 Grid2 1.88 1.32 3.04 —1.83 =219 -0.57
Kinesin 2 Kns2 0.77 061 0.9 -1.83 351 —1.81
procollagen, type I'V, alpha 6 Col4a6 222 206 274 -1.79 —-1.80 —1.75
Syntaxin 6 Stx6 0.50 088 1.32 —1.68 —1.87 —1.94
aldhehyde dehydrogenase family 5, subfamily Al AldhSatl 5.14 322 470 —1.68 =328 —1.06
Atpase, class I, type 8B, member 2 Atp8b2 322 335 3.09 —-1.60 =217 —=2.23
nucleoporin 160 Nupl60 .03 0.82 1.12 -1.12  -=3.69 —-2.22
< Metabolism-related genes > |
Ubiquitin specific peptidase 48 Usp48 265 2.00 246 =511 =396 —0.65 -
Glucosamine-phosphate N-acetyltransferase 1 Gnpnatl 503 421 448 -5.05 =312 -—1.15
Phosphatidylinositol-4-phosphate 5-kinase, type 11, alpha Pip5k2a 209 254 1.9 -472 =345 -—1.97
Lipase, member H Liph 273 340 3.03 —-451 -098 —-2.26
phosphatase, orphan 1 Phosphol 240 1.86 254 —434 —425 —1.63
ATP-binding cassette, subfamilyC (CFTR/MRP), Abcc9 334 176 4.34 —498 —120 —3.725

member 9
Ring finger protein 11 Rnf1l 1.25 1.01 1.13 —-424 =479 247
Niemann Pick type C2 Npc2 0.76 097 154 -371 058 -—-0.74
thymidylate synthase Tyms 3.13 258 246 —-2.67 —-193 —-1.74
UDP-N-acetyl-alpha-D-galactosamine Galnt4 346 352 3.2 —-2.63 =266 —0.98
pancreatic lipase-related protein 2 Pnliprp2 116 136 1.32 —-2.61 =249 =245
Phosphorylase kinase alpha 2 Phka?2 233 301 2.28 —-1.73  —-1.15 —-0.56
< Transcription-related genes >
X (1nactive)-specific transcript, antisense Tsix 1.88 2.14 1.95 —457 —-185 —1.28
SERTA domain containing 2 Sertad2 1.97 2775  2.90 —-3.87 =237 -0.92
homeo box D10 Hoxd10 2.18 204 1.34 —3.63 222 —1.24
Transcription factor 12 Tcf12 0.97 0.78 0.99 —-361 —-244 -3.46
Forkhead box P1 Foxpl 1.03  1.67 0.73 —-290 =372 —=3.07
bromodomain adjacent to zinc finger domain, 2A Baz2a 0.69 084 1.14 —2.85 =245 -2.06
naked cuticle 2 homolog (Drosophila) Nkd?2 410 251 224 —-2.56 —191 —2.353
interferon regulatory factor 6 Irf6 0.77 0.87 1.54 —1.74 —1.82 —1.64
Tetratricopeptide repeat, ankyrin repeat and Tanc2 135 100 124 —168 -176 —078

coiled-coil containing 2
zinc finger protein 612 Zfp612 0.74 140 0.75 —-1.68 =376 —1.04
distal-less homeobox 6 DIx6 354 2775 178 —1.65 —-152 -0.50
reproductive homeobox 9 Rhox9 377  1.81  2.25 -1.60 -1.19 -1.03
SRY-box containing gene 17 Sox17 339 433 2383 —1.55 =531 —348
Zinc finger protein 672 Zip672 .26 1.10  2.06 —1.53 =261 —-1.73
zinc finger and BTB domain containing 7C Zbtbc 206 348 344 —-149 -234 287
Transcription factor 12 Tcfl2 0.55 104 1.33 —144 —4.25 —1.73
Arginine/serine-rich coiled-coil 1 Rsrcl 205 289 376 -1.27 -0.62 —1.75
transducin (beta)-like 1X-linked receptor 1 Thllxrl 0.84 138 0.77 —-1.15 -=7.23 —1.74
NF-kappaB repressing factor Nkrf 0.65 245 4.13 -0.59 =246 —1.32
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Table 2. Continued.

Regulation profile and ratio

Gene description Gene LPS ES
symbol
30m lhr 3hr 30m 1 hr 3 hr

< Development-related genes >
sema domain, seven thrombospondin repeats |

(type 1 and type 1-like), transmembrane domain and SemaSa 109 140 1.72 -202 —-153 -0.75

short cytoplasmic domain, SA |
interferon induced transmembrane protein 5 Ifitm5 239 327 4.19 -1.95 -194 -2.50
plexin A2 Plxna2 0.67 1.17 1.23 —1.87 =236 —0.99
sema domain, ransmembrane domain, and Sema6e 167 192 148 —-157 -1.12 -075

cytoplasmic domain, 6C
tolloid-like 2 T112 1.00 279 216 —-142 —-068 —2.00
Exostoses (multiple) 1 Extl 181 199 272 —141 —-256 —2.57
Fukuyama type congenital muscular dystrophy homolog Femd 139 077 128 —-132 —-175 -—166
neuregulin 1 Nrgl 227 329 085 -1.05 -3.08 —-0.97
< Cell adhesion/migration-related genes >
Protocadherin 11 X-linked Pcdhilx 462 424 434 —-4,31 —-336 —5.18
biregional cell adhesion mo'lecule-rel.ated/ down-regulated Boc 180 1.10 246 357 _0.78 —2.24

by oncogenes (Cdon) binding protein
LLIM homeobox transcription factor 1 beta Lmx1b 146 156 2.08 -324 =273 —2.88
neurexin 11 Nrxn3 325 338 289 -2.52 =331 —0.66
chondroitin sulfate proteoglycan 2 Cspg2 280 0.60 2.56 -2.09 -—-124 -2.05
cadherin 7, type 2 Cdh7 265 334 1.10 -1.78 =076 —0.73
contactin 2 Cntn2 240 341  2.19 —-0.65 —-348 —0.58
< Biological process-related genes >
Anthrax toxin receptor 2 Antxr2 556 636 6.64 —-401 -390 —3.89
aarF domain containing kinase 2 Adck2 294 343 5.06 -356 —4.02 -5.17
Zinc finger protein 407 Z1p407 074 098 0.78 -241 —-388 -0.99
cyclic AMP-regulated phosphoprotein, 21 Arpp21 325 346 347 -1.84 -0.80 -—3.75
BAT2 domain containing 1 Bat2d 0.68 053 093 -1.75 =250 —-0.72
Autism susceptibility candidate 2 Auts2 493 461 3.37 -1.22 —-4.10 -1.19
< Translation-related genes > -
cytoplasmic polyadenylation element binding protein 2 Cpeb2 0.54 055 0.87 —494 -329 -3.15
Ribosomal protein L22 like 1 Rpl2211 4,18 349 4.66 —-475 =251 —148
< Inflammation & immune response-related genes >
guanylate binding protein 6 Gbpb6 1.58 076 4.04 -3.01 -144 0.0
T-cell receptor beta, variable 13 Tcrb-V13 398 3.61 3.51 —247 —-198 —1.62
< Inflammation & immune response-related genes >
Phqsphoprot.ein associated with glycosphingolipid Pagl 091 060 1.00 945 —149 —0.53

microdomains 1
< Proteolysis-related genes >
elastase 3, pancreatic;similar to elastase 3B, pancreatic Ela3 275 3.02 3.07 -492 =206 —297
cathepsin M Ctsm 1.02 1.11 200 —-3.66 —4.01 —1.6]
fibroblast activation protein Fap 469 234 447 -326 —118 —2.56
protease, serine, 3 Prss3 406 496 4.86 -2.62 —1.01 —3.55

cells (Table 2).

Ddahl belongs to the dimethylarginine dimethyla-
minohydrolase (DDAH) gene family. DDAH is wide-
ly distributed in rat tissues, NO-producing cells and
human tissues. The encoded enzyme plays a role in
nitric oxide generation by regulating cellular concen-
trations of methylarginines, which in turn inhibit
nitric oxide synthase activity'®. Leiper et al.?® sug-

gested that DDAH inhibition could be harnessed ther-
apeutically to reduce the vascular collapse associated
with sepsis. The results of this study revealed that
Ddahl was down-regulated in FS-treated BV-2 micro-
olial cells (Table 2).

Taken together, these results indicate that FS may
have potential efficacy for the treatment of inflamma-
tion disease and other neurodegenerative diseases
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through anti-neuroinflammation by inhibiting MAPK
pathway. The microarray-based genomic survey has
been of interest in the study of herbal-medicines be-
cause it can quickly identify herbs with the potential
for use for treatment of specific diseases based on
their characteristic expression profiles and the gener-
ated profiles can also be used to identify putative
mechanisms of action.
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Up-regulated genes

Figure 2. Clustergram of up-
and down-regulated gene in
BV-2 microglial cells. Micro-
array data from control (non-
treated BV-2 microglial cells)
and experimental (LPS or
LLPS plus FS-treated BV-2
microglial cells) group were
combined and clustered. Each
gene is represented by a sin-
gle row of clusted boxes; each
experimental sample is repre-
sented by a single column.
The entire clusterd image 1s
shown on the left. These clus-
ters contain uncharacterized
genes and genes not involved
in these processes.

Down-reguiated genes

Materials and Methods

Preparation of FS

FS that was purchased from Sun Ten Pharmaceuti-
cal (Taipei, Taiwan) was powdered to 0.1 g and then
extracted by stirring in 10 mL of DW overnight at
room temperature. The sample was then centrifuged
for 10 min at 3,000 rpm, after which the supernatant
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was removed and sterilized by passing it through a
0.22 um syringe filter. The filtered supernatant was
then used as a stock FS for all experiments conducted
for this study.

Cell Culture

The immortalized murine BV-2 microglial cell line,
which exhibits both the phenotypic and functional
properties of reactive microglia cells, was grown and
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS), streptomycin, and penicillin (Invitrogen Life
Technologies, Rockville, USA). BV-2 microglial cells
were first cultured in a 100 mm dish (1 X 107/dish) for
24 hr, and then pretreated with 1 pug/mL FS or left un-
treated and incubated for 30 min. Next, 1 ug/mL LPS
was added to the samples, and the cells were then rein-
cubated at 37°C for 30 min, 1 hr and 3 hr.

RNA Preparation

RNA was 1solated from the BV-2 microglial cells
using an Rneasy® mini kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instruc-
tions. The 1solated RNA was then quantified using
NanoDrop (NanoDrop Technologies, Inc ND-1000;
Wilmington, DE USA).

Oligonucleotide Chip Microarray

An oligonucleotide chip microarray was performed
using single round RNA amplification protocols, fol-
lowing Affimetrix’s specifications (Affimetrix Gene-
Chip Expression Analysis Technical Manual). Briefly,
3 micrograms of total RNA were used to synthesize
the first-strand complementary DNA (cDNA) using
oligonucleotide probes with 24 oligo-dT plus T7 pro-
moter as a primer (Proligo LL.C, Boulder, CO) and the
Superscript Choice System (Life Technologies, Invit-
rogen, Milan, Italy). After double-stranded cDNA
synthesis, the products were purified by phenol-chlo-
roform extraction, and biotinylated antisense compli-
mentary RNA (cRNA) was generated through in vitro
transcription using the BioArray RNA High-Yield
Transcript Labeling kit (ENZO Life Sciences Inc.,
Farmingdale, NY). Next, the biotinylated labeled
cRNA was fragmented, and 10 pg of the total frag-
mented CRNA was then hybridized to the Affymetrix
Mouse 430 2.0 GeneChip array (P/N900470, Affyme-
trix Inc., USA). The Affimetrix Fluidics Station 400
was then used to wash and stain the chips, which
removed the nonhybridized target. Next, the chips
were incubated with a streptavidin-phycoerythrin
conjugate to stain the biotinylated cRNA. The stain-
ing was then amplified using goat IgG as blocking
reagent and biotinylated antistreptavidin antibody

(goat), followed by a second staining step with a strep-
tavidin-phycoerythrin conjugate. Fluorescence was
detected using the Genechip System Confocal Scan-
ner (Hewlett-Packard), and data analysis of each Gene-
Chip was conducted through the GeneChip 3.1 soft-
ware from Affymetrix, using the standard default set-
tings. For comparison between different chips, global
scaling was used with all probe sets scaled to a user-
defined target intensity of 150.

Data Analysis | |
The MASS algorithm was used for expression sum-
mary and signal calculation of the Affymetrix Mouse
430 2.0 data. Global scaling normalization was per-
formed and the normalized data were then log-trans-
formed with base 2. Fold change was applied to sel-
ect the differentially expressed genes (DEGs): the
fold change threshold used was 1.5-fold and the sig-
nificance level was P<0.05. Furthermore, the probe
sets with all A calls in the compared groups were re-
moved to filter false positives. Each probe set of the
Aftfymetrix GeneChip data has a detection call: P,
present call considered as good quality; M, marginal
call considered intermediate quality; A, absent call
considered to be of relatively low reliability. The 1.5-
fold DEGs were clustered using hierarchical cluste-
ring with Pearson’s correlation as a similarity mea-
sure and complete linkage as a linkage method.
GenPlex™ v2.3 software (ISTECH Inc., Korea) was
utilized for cluster analysis. The gene ontology signi-
ficance analysis was then performed to investigate
the functional relationships among the 1.5-fold DEGs
using high-throughput GoMiner. The 1.5-fold DEGs
were mapped to the relevant pathways using Gen-
Plex™ v2.4 software ISTECH Inc., Korea). The pa-
thway resources are provided by the KEGG database.
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