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Microarray Analysis of Gene Expression Profile by Treatment of Schizandrae fructus
Extract in Inflammation-induced Human Epithelial A549 Cells
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ABSTRACT

Objective : The goal of this study was to determine the anti-asthma mechanism of SF on TNF-a induced activation on
A549 (human typell -like epithelial) cells. Using oligonucleotide microarray, we sought to establish the molecular mechanism of
the protective effects of SF on AH49 cells.

Material & Methods : Cells were cultured in three different conditions: 1) negative control group was cultured in normal
condition of DMEM, 2) positive control group was activated with TNF-a, IL-4, and IL-1B, and 3) SF treated group was
previously treated with 0.lug/ml SF after TNF-a, IL-4, and IL-1 activation. Cells of positive control and SF treated groups
were cultured for 30 min, lhr, 3hr and 6hr.

Results : The comparative analysis of the gene expression profile revealed that proinflammatory cytokines such as IL1F8,
IL1F9, ILIRL, ILIRN, ILIRAPLL, IL8, TNFRSF4, TNFSF10c, TNFSF13, TRAF5, and TRAF7 and inflammation-related
genes including MMP2, MMP11, MMP14, MMP15, MMP16, MMP19, MMP25, and MMP27 were down regulated with SF
treatment. Cell adhesion molecule genes such as ITGBI1, ITGBLI, selectin P ligand, selectin E, ICAM2, ICAM3, VCAMI,
PECAM, FCERIG and MMP28 genes were also down-regulated in SF treated A549 cells.

Conclusion : These results suggest that the anti-asthmatic effects of SF could be mediated by regulating specific genes
related with cell adhesion, proinflammatory cytokine and inflammation-related genes in A549 cells.
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AZF7 | A A} A 3 A549 (Human type [T -like
epithelial cells) cell line& Korean Type Culture
Collection (Seoul, Korea)ell A} F3)atgic}, & Alg
oA MEejkE $lsted AHEH mediax 10%
Fetal Bovine Serum (FBS, Hyclone, USA), 1%
penicillin/streptomycin (BD Bioscience, USA) 25mM
HEPES (MP Biomedicals, LLC, Germany), 2g
sodium bicarbonate (NaHCO; JRH BIOSCIENCES,
USA)7} =3% RPMI-1640 (BD Bioscience,
USA)E AHE3led 37CoAM 5% CO2 9%5% 371

2 ¥4 S22k 5T 2AdA epsie,

2. AB9 M=

FibkF (Schizandrae Fructus, Schizandra chinensis
(TURCZ) BAILL)*= #3€l A1k Sunten Pharmaceutical
Co, Taipei, Taiwan)o.& ¥ Fslslc} 1g9
202} BF Azl 0.69g8] 2v)AF FEEo|
0.31ge] Aol 2FH olet 1g9] 2mAF +5
AZEE 069n 9] FH FH4el =9 F 15,000xg
oA 108 Tt 94 #Eg & AEAE Aok
Azl S (0.2um?] syringe filterZ o 7ske] stockS
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3. M= HH =T} 20|A 2| s=

100mn culture disholl A549 cell& 1x10%cells/ml 2
3}%3 & TNF-a 25ng/nl, IL-4 50ng/nl 3} IL-1
B 10ng/m<& Az 3 & 2m)2} (.1ug/ml2)
T2 30, 1, 3, 617 SoF 242 3T TN 5%
COt HB% 715 8 571 fA=EE =24

oA wl skt

4. QIZE7 | K| A M| 2=
1) Total RNA #g]
39 w3 7bo] wjokat A549 cell pellets PBS

2 AlA3s2 Trizol solution (Invitrogen, USA Life

Technologies, USA)ell A ZAF] protocolell 3}

total RNAS #e3lgith Cell pelletoll 200u<]

Trizol reagent= 21 pellet pestle (Sigma-Aldrich,

USA)ZE w3t & 300 2] Trizol reagents o 4

= o dhed S Aol A 58T wioFsty, UA

%] s HA S ubE3te total RNAS £33

o},

22]5 total RNAE spectrophotometer (ND-1000,
NanoDrop Technologies Inc. USA)E Z=A 3}l
225 total RNAE 1% agarose gelollA] A7)¢%
8}3 ethidium-bromide (Et-Br, Sigma-Aldrich, USA)
2 At Al E Hrsklh

2) Oligonucleotide chip microarray

(1) Double strand (ds) ¢cDNA ¥4

Total RNA spectrophotometer (ND-1000,
NanoDrop Technologies Inc. USA) 2 A=kdt & 7+
7 Jugs ds-cDNA Aol AMgstgdeh ¢DNA &
A2 (GeneChip® Expression 3-Amplification One-
Cycle ¢cDNA Synthesis kit (Affymetrix Inc. USA)
£ AHgsksieh

cDNA AHAE 913t &A= cDNAol 600ul ]
¢DNA binding bufferg 7} g 5 3% F<F 3%
gAY A A A o] FelA 500u 9]
sample2 #3}e] ¢cDNA cleanup columnel] ¥ =
1E 59t 12.000%gol A €Al Eej3l7] & ubsstar,

oMol FHAL LIz M
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AAH ds-cDNAE 1% agarose geld| A A7 %
% ethidium-bromide (Et-Br, Sigma-Aldrich, USA)
2 At A E Hrhekloh
(2) Biotin-labeled cRNA A
20w 29] ds-cDNAZ  biotin-labeled cRNA 3ol
AHEE 90} Biotin-labeled cRNA 3432 GeneChip®
Expression 3'-Amplification Reagent for In vitro
transcript (IVT) Labeling Kit (Affymetrix Inc.,
USA)E AH-3tsich
cRNA AAE $5te] &A% cRNAo 350u 9
¢DNA binding bufferg 7} & 5 3% F<F 3]&
YHH TEAA 2 4] 250u9] 100% ethanols
Gy wIlog Agksle] AolF 700u 2] sample
< 3lod cRNA cleanup columnel ¥& % 15%
T<b 12000%gell A Al 37l E wbESkoh
£2)®  cRNAE  spectrophotometer (ND-1000,
NanoDrop Technologies Inc. USA)E ZA 3}l
225 total RNAE 1% agarose gelllA] A7 %
3l ethidium-bromide (Et-Br, Sigma-Aldrich,
USA)Z dAste] AelE 7hstsid
(3) Fragmented cRNA
A" cRNA 20ugol 8ul®] 5Sxfragmentation
bufferS 7}t 3 RNase-free waterZ 40ul7} =
Al 3tdeh 40u 8] BHgA 2 94ToAlA 3587 vl oF
Shed 35-200 bpe] £H o] A 3sldeh 1% agarose
gell Al A7) 53t ethidium-bromide (Et-Br,
Sigma-Aldrich, USA)Z Aste] 4 A& o
7Fstd et
(4) Gene chip hybridization
Fragmented ¢cRNA 15ugE GeneChip® Human
Genome U133 Plus 2.0 Array (P/N900470, Affymetrix
Inc., USA)ell A&3lict, dAe A2 A 24
ZAd 2 standard format.©2 GeneChip® Hybridization,
Wash and Stain kitZ °]$-3}e] protocols Wttt
(5) Gene chip® 343} scanning
Hybridization ¥F-o] Z2 % gene chip> Genechip
Fluidics Station (Affymetrix) ] mini_ eukl protocol
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of wal AA 2 W& F Genechip System
Confocal Scanner (Hewlett-Packard)E o]&3}e] 3
um resolution® 2 ¥ W scandled HHFHS FH 3}
et

(6) Sample®] AHel %7}

Z+ 22 ¢DNA, cRNA ¥ fragmented cRNA:=
lugS 1% agarose gelol] A7) o E3}o] sizge £FEZ
371etsi o

GAPDHS®] 3 oligonucleotide} 5 oligonucleotide

9] average differential expression (AD) ratio:= Al
ZAF] AR E 3 nukelstE #elsigi

5. Data X2

Gene chip®] scan data® GeneChip version 5
software (Affymetrix)®} GenPlex v2.4& o] 83}
2AM3lecy.  Hybridization® <HAAL control
oligonucleotide B2, bioB, bioC, bioD, cre®] signal
= HlaFoZN Hrkseld

(Hierarchical clustering) QAMAS o] 43131
Pathway: 943 dloJe] (48RS 2 44
2~E)9 KEGG pathway &=3 3]|v pathway<
p-values AAkste] FA 5k
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1) DEG selection 4

ZF AIZE30E, 1, 33 627Dl HefA Rk T
A2 f-5ol wel probe sete] Wdo] dA HF
o] W3} 3= FAAE 27] 918 comparison &
A& AldEREl 22t Az & controlell B]8) f
TRt FodFollA Waztol7} v f-of3AHE Al
sh=d] "telato]= Fold Change cutoff=2 (2-fold) 2
stod 2ul o] 4} & = 7} (Up-regulated) 2vf o3}
W& = (Down-regulated) A4S AW,
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of Wl BE AFoM AN Wi o| vehtA]
o2 A2 &, detection®] “Absent”l RS Al
Ak}, (NC : Negative control, SF : Schizandrae
Fructus, C: Positive control, 1 : 30min, 2 : 1hr, 3
: 3hr. 4: 6hr) okl ®lo]Zel vpeld $H= 7 7]
Fol izt A& = probe set®] 7H4relet.

Table 1. DEG Selection

Up Down  Total
(GO Down (GO (Up
ARZEA) ARZA) +Down)

Control/
Experiment

NC/ Cl 751 510 1011 665 1762
NC / C2 1010 689 746 470 1756
NC/ C3 1465 1147 1439 944 2904
NC/ C4 1696 1322 1879 1329 3975
Cl/ SF1 591 386 785 523 1376
C2 / SF2 452 29% 1102 738 1554
C3 7/ SF3 1033 637 639 514 1672
C4 /7 SF4 989 673 769 514 1758

2) Clustering ¥4

hkA A & Azbel| whEl fAREE dE A=
< Yell= probe setS grouping 7] $13
clustering A< st A9 A
Affymetrix HG U133 Plus 29] & 54675709 4=}
Zo)| A Negative Control, 30min, lhr, 3hr, 6hr =&
A Zol|AH =FH2} (SD: Standard Deviation) 7} 2
FAHE 1000008 fAAE AAske] 25k
=

3) Molecular Functionoll w2 153}

919] DEG selection WS o] &dte] HA3}
data| A A)ztel wel  up-regulation®} down-
regulation® gened T3 ¥ molecular function
< 7)1FoR IF3E Age ofe) 2o
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Table 2. Grouping by Molecular Function
A. Up-regulated Gene

Gene Name (Gene symbol) ol
30min 1lhr 3hr  6hr
Ankyrin repeat and SOCS box-containing 4 (ASB4) 5.6 22 31 31
CAP-binding protein complex interacting protein 1 (DJBP) 4.9 1.8 25 28
Deleted in azoospermia 1 (DAZ1) 49 34 31 31

Collagen, type 1I, alpha 1 46 05 27 09
(primary osteoarthritis, spondyloepiphyseal dysplasia, congenital) (COL2A1) ’ ) ' )

Collagen, type X, alpha 1 (Schmid metaphyseal chondrodysplasia) (COL10A1) 49 52 14 08

Sushi, nidogen and EGF-like domains 1 (SNED1) 79 17 30 33
Mucin 4, cell surface associated (MUC4) 46 30 26 31
Tight junction protein 2 (zona occludens 2) (TJP2) 44 06 25 32

Protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF),

interacting protein (liprin), alpha 2 (PPFIA2) 410 22 38

Contactin 3 (plasmacytoma associated) (CNTN3) 43 018 27 42
Tenascin XB (TNXB) 37 21 22 50
CD44 molecule (Indian blood group) (CD44) 2.7 1.3 34 29
Extracellular matrix protein 2, female organ and adipocyte specific (ECM2) 2.2 1.2 05 31
FRASI related extracellular matrix 1 (FREM1) 1.2 01 30 24
Spondin 1, extracellular matrix protein (SPON1) 14 28 20 31
Ectodysplasin A (EDA) 16 17 12 05

* Fold means ratio of hybridization intensity. The genes with negative value are abundant in control group, while
positive value are abundant in SF treated group.

B. Down-regulated Gene
1) Matrix metallopeptidase (MMP)

Gene Name (Gene symbol) Lol

30min  lhr Shr bhr
Matrix metallopeptidase 2 (MMP2) -2.3 -0.8 -0.9 0.2
Matrix metallopeptidase 11 (MMP11) -2.2 -1.5 -1.4 -0.5
Matrix metallopeptidase 14 (MMP14) -0.7 -1.1 -1.5 -0.4
Matrix metallopeptidase 15 (MMP15) -0.2 -3.0 -0.7 -2.2
Matrix metallopeptidase 16 (MMP16) -2.9 -3.5 -4.5 -1.7
Matrix metallopeptidase 19 (MMP19) -2.4 -0.5 -2.5 -0.3
Matrix metallopeptidase 25 (MMP25) -0.7 -2.7 -1.5 -1.4
Matrix metallopeptidase 27 (MMP27) -1.6 -3.3 -2.7 0.1
Matrix metallopeptidase 28 (MMP28) -2.6 -1.7 -3.3 -1.0

Fold means ratio of hybridization intensity. The genes with negative value are abundant
in control group, while positive value are abundant in SF treated group.
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2) Growth factor-related genes

oM Zzo|lM 20|XI7} MicroarrayE 0|85t SXMAL dhed 2Mof o|x= P&

Gene Name (Gene symbol)

30min  lhr 3hr bhr

FGFRI1 oncogene partner 2 (FGFR10P2)

-18 50 57 -14

Fibroblast growth factor 4 (heparin secretory transforming protein 1,
Kaposi sarcoma oncogene) (FGF4)

-8 -14 04 12

Fibroblast growth factor 5 (FGF5)

=35 32 09 -18

Fibroblast growth factor 12 (FGF12)

21 42 -12 38

Fibroblast growth factor 18 (FGF18)

20 26 -09 -20

Insulin-like growth factor 1 (somatomedin C)(IGF1) =36 27 -05 0.0

Fold means ratio of hybridization intensity. The genes with negative value are abundant in control group, while

positive value are abundant in SF treated group.
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Up regulation genes ArH X ™ transcription}
#21 % Ankyrin repeat and SOCS box-containing
4(ASB4) ¢} CAP-binding protein complex interacting
protein 1(DJBP)S2] A A}te} extracellular matrix
proteinz = Collagen, type II. alpha 1
(COL2A1), Collagen, type X, alpha 1(COLI0A1),
Extracellular matrix protein 2, female organ and
adipocyte specific(ECM2), FRASI related extracellular
matrix 1 (FREM1), 2] 2 Spondin 1, extracellular
matrix protein(SPON1) 59 44+ w&e] F7}
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s}, o) AFoll Feddli= matrix metalloproteinase
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Down regulation genes ArH HH, 3o o
3= matrix metallopeptidase(MMP) 2, MMP11,
MMP14, MMP15, MMP16, MMP19, MMP25,
MMP27 2231 MMP289] 4 Ak¢} growth factor
9l fibroblast growth factor 4(FGF4), FGFR1
oncogene partner 2 (FGFR10P2), FGF5, FGF12,
FGF18, 28] insulin-like growth factor 1(IGF1)
3} proinflammatotry cytokine® ¥ Interleukin
1 family, member 8(IL1F8), IL1F9, Interleukin 1
receptor, type I(ILIR1)., Interleukin 1 receptor
antagonist(ILIRN), Interleukin 1 receptor accessory
protein-like 1(IL1IRAPL1), Interleukin 8(IL8), Tumor
necrosis factor receptor superfamily, member 4
(TNFRSF4), TNFSF10c, TNFSF13, TNF receptor
-associated factor 5(TRAFS), 28] TRAF7Z Al
¥ migration]l Zeds= Fibronectin  1(FN1),
Fibronectin type III and SPRY domain containing
1-like 22|32 Fibronectin type III domain
containing 3B(FNDC3B)&t AT A4 f=el
#ed s} Platelet-activating factor receptor(PAFR),
Leukotriene B4 receptor(LTB4R), Leukotriene C4
synthase(LTC4S), Chemokine(C-C motif) ligand
5(RANTES), Z8l2 Monocyte chemoattractant
protein 1 receptor(MCPIR) &} A ZR2-8Ale] &
3l Integrin, beta 1(ITGB1), Integrin, beta-like
1(ITGBL1), Selectin P ligand(SELPLG), Selectin
E (endothelial adhesion molecule 1) (SELE),
Intercellular adhesion molecule 2 (ICAM2),
Intercellular adhesion molecule 3 (ICAM3),
Vascular cell adhesion molecule 1 (VCAMI),
Platelet/endothelial cell adhesion molecule (CD31
antigen) (PECAM), 283 Fc fragment of IgE,
high affinity I, receptor for: gamma polypeptide
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