Journal of Life Science 2019 Vol. 29. No. 5. 514~523

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : https://doi.org/10.5352/JLS.2019.29.5.514

Gene Expression Profiling by Ginsenoside Rb1 in Keratinocyte HaCaT Cells
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We investigated the gene expression patterns and the mechanisms of action of the apoptotic response
by microarray analysis of human keratinocyte HaCaT cells treated with ginsenoside Rbl, a saponin
of Panax ginseng C. A. Meyer. Genes related to apoptosis, the G2/M transition of the mitotic cell cycle,
cell division, mitotic nuclear division, and intracellular protein transport were 2-fold up-regulated in
HaCaT cells treated with the ginsenoside Rbl, whereas genes related to DNA repair, regeneration fis-
sion, and extracellular matrix organization were 2-fold down-regulated. Apoptosis signaling may be
mediated by FAS and PLA2G4A, and pathway analysis indicated that STAT3 might be an upstream
regulator of these genes. The activity of FAS and PLA2G4A was verified by qPCR, which showed that
FAS was increased about 2-fold in HaCaT cells treated with 10 ug/ml of ginsenoside Rbl for 24 hr,
PLA2G4A was increased about twice after 6 hours, and gene expression was increased more than
2-fold after 24 hr. Knockdown of STAT3 with siRNA decreased FAS expression and increased
PLA2G4A expression but only FAS was passed from the upstream regulator STAT3. These results in-
dicate that STAT3, which is an upstream regulator, induces apoptosis via FAS during treatment with

ginsenoside Rbl.
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TE ¥
Al
Az kol AF8-¥ Dulbecco’s modified Eagle’s medium
(DMEM) Sigma-Aldrich (USA), Penicillin-streptomycin-&
Gibco (USA), 281 fetal bovine serum (FBS) Wisent
(USA)l A 247 43Stk 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltretrazolium bromide (MTT), dimethyl sulfoxide
(DMSO0), 18] 3L hydrogen peroxide (HO,) Sigma (USA)
o] A T34 TRIzol® Regent:= Invitrogen (USA) ol A
total RNA A% 9 HAEAE $F RNA nano kit (2100
Bioanalyzer System)= Agilent Techologies (USA)ell A <)
3t At Microarray 4] Low RNA Input Linear Amplifi-
cation Kit PLUSE Agilent Technology (USA)°ll4 RNase
Mini Spin Columns< Qiagen (Germany)oll Al 743t S,
AR d AFEEALS 43 AccuPower® RT PreMix K-2041
¢+ AccuPower® 2X Greenstar qPCR Master K-6253+ Bioneer
(Korea)oll A -S4 sttt

MZEZF 3 ZIMEZAOIE Rb1

A fref 934 A4 £ HaCaT M X235 F=4% 38
%7€ (Korea Research Institute of Bioscience and Biotech-
nology, KRIBB) H}o] @ o] k] F 4 (o] o MIANZ RE B
ol A8-3k 9T HaCaT HEE W ¢3t7] 23 10% FBSSH
100 unit/ml penicillin-streptomycine®] Z3-¥ DMEM Hj A
£ AE3t, 37CE FAHE 5% CO, W A71 ol Al wf st 4l
ool g Al F 2-338] FY WAE ZotE vg, MY 67
733 & PBSE A A 9 0.05% trypsin-0.02% EDTAZ F24
AZE &4 2 94 st 28 Adsit.

WA =AFO] E RblE& FEHIE| () o238 Fdste] A
43921 Rf Sigma (USA)NA TU8AT £5& 98%
2 Ueson 22F9] 7192 Panax ginseng C. A. Meyerol
AFE AAE 2ot

ME=N 4 MEHS &1

HaCaT Al Z£Z 96 Well plates] well % 1x10* cells/ml7}
HEE 100 p¥ BF3F3 37T, 5% CO, HiF7] oA 24413
T AN T, 10 plo] WA A E Rb1E FE HE
A7yeted 2443 Fb v kst A E AEES ofgf o MIT
assay® SASAT T w5 ¥ ARE A X A2t
24/ F g v, 2 SB]0 oJs 24" Ies (500 uM)
FEY HOE AEd § oA A3 5 v gete] A=
Ato]lE Rb19 MEHE &AE MIT assayE &3ttt

MTT Assay
A7t A AE 7129 wellol MTT 494(10 mg/ml)<
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10 w® A2 ek F 37TAA 443§t et 453+
AASET A E MTT formazan AR A S 100 ple] DMSO
o 4717k F<t &3 AlA ELISA reader (Molecular devices,
USA)Z formazan®] &3%7F A7} 5+ 570 nme] 7o
Ao FRFEE ST AZ A2 dz2Td F3=d

g Mg Yehhd

Microarray &4

274 100 mme] A Z #j ek 719 1x10° cells/ml®] HaCaT
NEE F538ko] 24412 2t pre-incubation A7l ¥ 10 g/
ml®] ZA=Abol = RblE A 2fske] 6417 3 244 7F &<k
otk AAx:AelE Rbl P wige(hz)ol Ad
HaCaT A £& 3|33 TRIzolE ©] 43¢ total RNAZ F
Z o3, A% 2 A EA LS RNA nano kits AH&3FS T
o] % total RNAZFE] target c(RNAS &4 2 £43} w32
Agilent’s Low RNA Input Linear Amplification Kit PLUSE
o] gste] FPAT. 2T O E o8& A NEE cya-
nine 3, 4@ WA =AO] = Rble] A E¥ A SE cyanine
52 7t % g AT 53 3 gt E cRNAE RNase
Mini Spin Columns& ©]-&3dted A A8k, ND-1000 spec-
trophotometer (NanoDrop Technologies, Wilmington, DE,
USA)E o] £3t9 A &3¢t 750 ng (RNAZ ©] 434 hy-
bridization bufferE ¥+E 1L Agilent Whole Human Genome
Oligo Microarray (44K)ollA &43 w3S AASAT
Hybridization image+= Agilent DNA Microarray Scanners
o] g3t 27t on, tole AL Agilent Feature Ex-
traction SoftwareE ©]8-3}At}. EE H°|E < normalization
(LOWESS)3# fold-changed gene®] 4182 GeneSpring GX
7.3 (Agilent Technology)o.2 &3ttt 2t AE oA
flag-out genes #1718} 2., normalized ratiot signal
channel intensity % 7+%k< control channel intensity &3t %
O % Yol A&ttt A4 417 (gene selection)S 9 &
functional annotation& Gene On’cologyTM Consortium (http://
www.geneontology.org/index.shtml)DBX 2 & T 5T} Bio
Carta (http://www.biocarta.com/), DAVID (The Database
for Annotation, Visualization and Integrated Discovery,
http:/ /david.abee.nciferf.gov/), 1231 Medline databases
(http:/ /www.ncbinlmnih.gov/)& ©] &3t 715 AFE 9
% data mininge Y3 o.M, IPA (ingenuity pathways
analysis, http://www.ingenuity.com) [18]F °] &3l &=
22-#¥ 435884 UEY I (ontology-related interaction
networks) ¥ &9 2EAE FAEAT

FOA 2 HEEM

Microarray &4 ol A e FA24E0] thel quantitive-
polymerase chain reaction (qQPCR)& 433t} 10 pg/ml2]
A=A E Rb1E 6417 D 244 7F F<F A2 F HaCaT Al
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Z2HH TRIzolE °]83t] A58 7ol wet total RNA
& FEoto ATt £55 SA8AUT (DNA F4 2 2-
stepL & A3 AT} AccuPower® RT PreMix K-2041 (Bio-
neer, Korea)& ©]&34] Total RNA 1 ugs F3 22 Oligo
dT (Bioneer) 100 pmoles primer® At-8-3% 2™ MyGenie
96 Thermal block (Bioneer)& ©]-&3t% RT-1(Primer anneal-
ing)& 70Tl A 5% 792 RT-2 (cDNA synthesis and
RTase inactivation)= 42°C 60% 85C 5% 7202 S35}
cDNAE 434t F4%E DNAE RNase free water
(Sigma-aldrich)2 343 & PCR template &2 AR-&-3} % Th.
Az BEEAE AriaMX system (Agillent Technolo-
gies) ©]&3tf A 50]# <l oligo primer (Table 1) 1
pmole, cDNA 5 ng, AccuPower® 2X Greenstar qPCR Master,
K-6253 (Bioneer) 10 ul, Rnase Free water (Sigma-aldrich) 4
ul® 7t well B 20 ul2 EFste 2O E qPCRE 3319
. PCR &4 & enzyme activation 95 T 3%, denature 95C
15%, annealing/extension 20% %31 9.2 40 cycles 33t
Aot FAA AU F 242 HnGAPDHS 28 3F& 71
S 2 normalizeg: FHFAOH FNAFLS AACT HH
(Applied Biosystems, 2004)< At83t4 Excel (Microsoft,
USA)ell A AA+st 4Tt

Fig. 1. The chemical structures of ginsenoside Rbl.

Table 1. Primer sequences for qPCR

Gene name Primer sequence
Left Primer 5'-tggtgtcaatgaagccaaaa-3’
FAS . . , ’
Right Primer 5'-tgccaattacgaagcagttg-3
PLAYGAA Left Primer 5 -tacaaggctccaggtgttee-3

Right Primer 5'-tggtgattctgggtcatcaa-3’

siRNA transfection

HaCaT A ZE 60 mm dishol HE $, o 24413t H el lip-
ofectamine 2000 reagent (Invitrogen, USA)E ©| &3t A=
ALl W o whe}l siRNAE transfectiondt ATt W EZTF2 A&
& negative control (NC)-siRNA (Bioneer)®} STAT3-siRNA
(sense, 5-CUU CAG ACC CGU CAA ATT-3’; antisense, 5'-
UUU GUU GAC GGG UCU GAA GTT-3) (Bioneer) con-
struct serum free DMEM H] 2] 50 plel| lipofectamin 10 <}
6 ug| sikRNAE 27t #7t¢ 5 £33} transfection Al %
T} 4A12F ¥ FBS7 A 7hE DMEM WA 2 w3 &, 2447F
F F7F Mg T 10 ng/mld] A AR E Rb1E 244
B Aty AEE FEeYh

EAge A4 338 o) 4L AAFHGOH, 4YF
Y WFLEZUAE FAST olEle) FAH P SPSS

program (ver. 12.0.01)& o] &3t dAulA EAHEA (one-
way ANOVA)2 Al dstglon, A 5E p<0.05ol 4 B3t

HaCaT MIZ0 CHSH ZIMI'EAIOIE Rb19l HESA & Al
=] ni}
A 9 R4 AN T HaCaTS 83}, &4k3, o3
o 5o AT g 1 A4 A AFE st B A7
3] Ab&taL Yl AlE Folth8, 17, 32]. 489 2
Atol E Rb1¢] &4 FE HaCaT MES 54 (cytotoxicity)
2 =40 gt HEZRS 32 FAsPT. IA AT
Rb19 2 5001, 0.1, 1 10 pg/ml)E 1x10* cells/well2]
HaCaT Al o] Aelate] 244 7F 52k st AL BE&
(viability)& MTT assay® &1 23, A8 59 g
HaCaT ME9 AEEAE & AoV} gle ASE Hol X
FA o GFE MAA EYTHFig 2). T A 2EH 20
g AE AELS ZAATE AR 484 e HOE
50%2] MEAE S Bole Ahst ~E# 29 271 (ICx)¢! 500
uM [19]°14 HaCaT /‘ﬂwuii ayis é@ﬁPﬁD}(Fig. 3).
HO, Agwd AE JEL2 f2vd
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Fig. 2. Effects of ginsenoside Rbl on cell viability in HaCaT
cells. Cells were treated with different concentration of
ginsenoside Rbl as indicated in material and methods.
Cell viability was analyzed using the MTT assay. The
date indicated the mean + SD for triplicate experiments.
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Fig. 3. Cytoprotective effects of ginsenoside Rb1 against H,O,-
induced oxidative stress in HaCaT cells. Cells were
pre-treated for 24 hr with various concentrations of gin-
senoside Rbl. The cells were then treated with 500 uM
HyO, (ICs) for 4 hr. No HyO; treated cells were used
as negative control. Viable cells were determined using
the MTT assay. The data is represented as the mean *
SD obtained from three independent experiments con-
ducted in triplicate. *p<0.05 vs. the control.
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71 98k FAA &4 (microarray analysis: HA 34,127
genes)S AA T A Al = Rb1E HaCaT AlE9 6
T 24N 7 A3 A E(control AlE tH])ol A 2 H] o] 4
o] F7H424 genes) B 74 (164 genes)d FAAEEFE
DAVID gene ontologye £413 23, d& o] S7Hd 34
£ M Z A (apoptosis), fFAHEE AIZF7]9 G2/M F o]
(G2/M transition of mitotic cell cycle), A E& G (cell divi-
sion), A} & ¥ (mitotic nuclear division), Al Eu T2
$7749] 0.1 (Fig,
44 (DNA repair), <
9] 714 A Al (extracel-
lular matrix organization) 59 % 2§ th(Fig. 4B). XA =
Aol = Rbld Ui g 71E AT E B16-BL6 melanoma A E <]
AP ok71[33], # o AFHell A dAIAS sl g AFA
zo] A A &1, Co glioma M E9 AE FE[26] Fol
Atk mekA ZA Ao = Rblel| 93] wdo] F7HE M EA
g Az 283 FHAES venn diagram©. 2 E 3}
SATHFig. 5A). F Hf o] w@o] F7td FHAE 257, 2
Hj o] wdo] Zad FHAE 8/ oldn. £ M EAE
Azdge 283 337 FHAS ALY E 2 ¢
hierarchical clustering©. & ¢13} % th(Fig. 5B). thH&<
AAEL 10 pg/mle] A A Rb1E 6413 HE] g Al
Ho} 2447 A2 @ A Bl A 2ot AASHA LE Q2 1 o] d)
8 02 Uhebskth(Table 2)

4% (intracellular protein transport) & <]
4A), Yo 22" FHAE2 DNA

8 - & (meiotic nuclear division), A %

Al

NEAIY ¥ 2% REKK ol

A7) AA Al S Rblel o Thapd Ao W W)
oA HEAE ABAGo] 488 3] FARE 2o LER
A-Bd 354G MEYD B 49 2EAE PAZ 2439

o A A Ao & Rb1o] 93 Al ZAE
superfamily®ll <3} FAS (INF receptor superfamily, mem-
ber 6)%} Phospholipase?l PLA2G4A [phospholipase A2,
group IVA (cytosolic, calcium-dependent)]& 74 3= A 2
Z Yet o H(Fig. 6), ol &9 £HAZ STAT3 (signal
transducer and activator of transcription 3)l ¢]3}o] 24 5|
A 7hHsol £ AR SHAG AZAE 2 T &
= Ogd éEfﬂ]’“/] ”gh’ﬂ/ﬂ HAE7} 228 S5 QHoE
AAAEF R H ' He As den12] 54 /44
< %Uﬂ:‘EE A Ao A gstm FUglol
Eé% o %_ lof o3 %“451-3~H] EUﬂ /‘1]

HH-&-& TNF receptor

ZA]
[Sha|

2l

ZAREE 1H°]” /‘ﬂi/\Pﬁi 5“:}
A *i]a—/‘}tég FEste 784 2% JAHTNFq,
TRAIL, FasL)7} 441 (TNFR, DR4, FAS 5)oll 234 4
A A4 @Al FADD (fas-associated protein with death
domain)®} 7}2=3}A]-8 (procaspase-8)7F A Aga Al ZAME
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sponse to ginsenoside Rbl in HaCaT cells. (A)
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Transcription, DNA-templated
Regulation of transcription, DNA-.. Fig. 4. Gene ontology of gisenoside Rbl by micro-
Extracellular matrix organization array analysis. Biological function of altered
DNA repair genes revealed differentially expressed genes
Meiotic nuclear division (>2-fold or <2-fold regulated genes) in re-
0 ) 10 15 20 25 30

Number of genes

A B

Normalized Ratio
Rbl 06 hr Rbl 24 hr

Gene Symbol

P - 0.86 APP
N o 072 XRCC2
N o 055 MLL
0.50 059 ITSNI
0.63 050 LRPI
112 032 NGFR
147 218  FAS
1.45 2.16 FGE2
141 210 THOCI
1.58 236 TAF9B
175 265 ATGS
130 204 STK3
399 o 133 231 BCLAFI
2 1.32 201 NAEI
2 1.46 261  TMXI
2 138 212 FAS
— | 121 200 FXRI
Apoptosis 2.35 3.19 CSEIL
— 2.10 270 FASTKD2
33 171 212 PDCDIO
1.89 246 PLA2G4A
2.06 286 CSEIL
2-fold changed genes Expression index 2.15 3.03  ING3
in at least 1 of 2 conditions (6 or 24 hr) 4 150 205 Al
1.75 234 UTPIIL
120 244  TIAI
{ 1.14 241 IL7
! I 260 BIRC3
2.06 122 MAPKSIP2
2.96 138 F7
025 2.06 116 MXI
Ratio value - 0.19 ALB
- 022 NAIP
\Y A\
v\b\‘ N
o

Fig. 5. Gene expression profiles of the genes related to the apoptosis signaling by ginsenoside Rbl. (A) Venn diagram showed
45 genes related to apoptosis signaling in HaCaT cells treated with ginsenoside Rbl for 6 or 24 hr and (B) A gene set
representing >2-fold changes in at least one treatment is presented by hierarchical clustering analysis (red, up-regulated
genes; green, down-regulated genes). The clustering is represented using tools provided by the GeneSpring GX7.3 software.
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Table 2. Gene lists in apoptosis signaling response by Rbl in the HaCaT cells

Rb1_06 hr Rb1_24 hr
Gene -
Normélized Treated Control Normé?lized Treated Control symbol Description
ratio ratio
0.42 7660 18091 0.86 16800 19646  APP amyloid beta (A4) precursor protein
0.48 124 259 0.72 225 312 XRCC2 é;lari Sr:p}?incs(t’gpiiﬁfgtmg defective repair in
048 147 307 055 193 353 MLL E‘{fﬁgﬁi 1’{}?&2‘1’;; O];rr(:;;iﬁgeage leukemia
0.50 66 132 0.59 88 151 ITSN1 intersectin 1 (SH3 domain protein)
0.63 991 1567 0.50 916 1842 LRP1 low density lipoprotein receptor-related protein 1
112 47 42 0.32 9 29 NGFR nerve growth factor receptor
1.47 2430 1648 218 4220 1934  FAS Fas (TNF receptor superfamily, member 6)
1.45 206 142 216 389 180 FGF2 fibroblast growth factor 2 (basic)
141 204 145 2.10 324 154 THOC1 THO complex 1
TAF9B RNA polymerase II, TATA box bindin:
1.58 o % 236 1540 625 TAFB protein (TBP)}?asZociated factor, 31kDa i
1.75 2985 1704 2.65 5004 1891  ATG5 ATGb autophagy related 5 homolog (S. cerevisiae)
130 1650 1267 2.04 2780 1365  STK3 serine/threonine kinase 3
133 1730 1296 231 3260 1414 BCLAF1 BCL2-associated transcription factor 1
1.32 6590 4975 2.01 11000 5485 NAE1 NEDDS activating enzyme E1 subunit 1
1.46 10300 7057 261 19700 7540 TMX1 thioredoxin-related transmembrane protein 1
1.38 3495 2531 212 5957 2808  FAS Fas (TNF receptor superfamily, member 6)
121 4700 3868 2.00 8040 4016  FXR1 fragile X mental retardation, autosomal homolog 1
235 10100 4300 319 15900 4978  CSEIL CSE1 chromosome segregation 1-like (yeast)
2.10 2780 1323 2.70 4050 1502  FASTKD2 FAST kinase domains 2
1.71 5430 3167 212 7100 3344 PDCD10  programmed cell death 10
189 308 173 246 185 197 PLA2GAA phospholipase A2, group IVA (cytosolic, calcium-
dependent)
2.06 13900 6738 2.86 21900 7658  CSEIL CSE1 chromosome segregation 1-like (yeast)
215 1474 687 3.03 2356 779 ING3 inhibitor of growth family, member 3
180 37 204 253 504 235 ATGS é?ffreti:i’;})‘agy related > homolog
175 6858 3926 234 9944 1049 UTPIL gizztl)-hke, U3 small nucleolar ribonucleoprotein,
120 117 98 044 3 %  TIAL TIA1 .cytotoxic granule-associated RNA binding
protein
1.14 58 51 241 114 47 1L7 interleukin 7
1.08 41 38 2.60 80 31 BIRC3 baculoviral IAP repeat containing 3
206 98 18 12 5 4 MAPKSIP2 r;i(:(:ginéactivated protein kinase 8 interacting
206 7 o4 138 2 5 B Coagula.tion factor VII (serum prothrombin
conversion accelerator)
e m s wa e e g s |
- - - 0.19 312 1648  ALB albumin
- - - 022 181 813 NAIP NLR family, apoptosis inhibitory protein

The relative expression ratio was calculated by dividing the test channel intensity (Rbl treated) by the control channel intensity.
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Fig. 7. Effect of ginsenoside Rbl on the gene expressions of FAS (A) and PLA2G4A (B) in HaCaT cells. The cells were treated
with the indicated concentration of gisenoside Rbl and incubated for 6 or 24 hr. The relative levels of gene expression
were determined by qPCR analysis. Each value represents the mean * SD of triplicate experiments. *p<0.05, **p<0.01 vs.

the control (NT, no treatment).

&5 A% E§ A (death-inducing signaling complex, DISC)
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Fig. 8. Effects of knock-down of STAT3 on expression of FAS
and PLA2G4A. The HaCaT cells were transfected with
STAT3-siRNA or control siRNA, after which they were
treated with ginsenoside Rb1 (10 ug/ml) for 24 hr. The
expression levels of FAS and PLA2G4A from harvested
cells were measured by qPCR as indicated in material
and methods. The data are presented as the mean + SD
of three independent experiments performed in triplicate.
*p<0.05, **p<0.01 vs. the control.
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