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1.1 {HpEEFSEE

LA JIG G cDNA 3L JFURL A 154, PCR 47 14
A RASSFIA J A 4= K FF % 4 52 HE (open reading
frame, ORF), Wui#s 5 EcoR V F EcoR 1 BEYIAL
&, WY A % pIRES.neo3 k. E 4 R4
EcoRV Fl EcoR T BV, BH M v B £ 90 /3 ik W
RASSFIA & M IE A4 N . ST 28 (0 25 9% 40 iy
A375 4 5 5% B K% 77 Y0 5 47 )& (American type
culture collection, ATCC). 4iffifH & 15%Mf 2 13k
f\) DMEM #5753, 5% CO,, 37°C H3%. pIRES.neo3
F1 pIRES-RASSF1A Ji #i 2K H] lipofactamin 2000 %%
YL A375 408, 200 mg/L G418 ffiik 2 J&, A
G418 Btk ve B gL fm iR & At s f ™ KR %, H
TGS
1.2 EKM%ENE

M E 1 0 il = 1 P = 7 1 07 o R G
ML S 10Yml, R 24 FLBR, BESLEEM 1 ml,
5% CO,, 37°C #5537, FERMA M2, W& 3
ANEAL, THEEn s, 2l KLk,
1.3 BEZERSRER

Br R B e Al e K B AT, SR A TRIzol
il 5 & RNA. BEAE M 1~15 pg & RNA, [
RNA free DNase | (TAKARA 2% @) 1k JH &
gDNA, Ll T7-Oligo(dT) Promoter 5| 4 i # 5%
cDNA. UL cDNA A4, 7E T7 RNA Polymerase
R ZERRCATR N R, BRSNS A
Fhrid cRNA, Zifb7id )5 cRNA, 5 Affymetrix
%y ] Human Genome U133 Plus 2.0 Array £ i A%
L R Ja S EvE e, KA Affymetrix A A
Scanner 3000 7G 1415 5 .
1.4 ZEE RT-PCR

O P BUAS AR e A375 41 il A1 RASSF1A
e A375 40 5 RNA(T¥2: A 1.2). ] RNA free
DNase I (TAKARA A #){H IR & gDNA, KMy /
SRR, B2 wg TS I RNA SR R S
i (Promega 2 1)) % ¢cDNA. KH iQ5 Real-time
PCR detection systems(Bio-Rad 7> 7)), SYBR Premix

DimerEraser (TAKARA 2 &) ) #f 47 5¢ W & &=
RT-PCR 4 H. % #7>F KR ] RT-PCR B HL K
frl. T PCR 4 395 R 5 1 W W3k 1.

Table 1 List of the sequences of primers used
in RT-PCR analysis

Genes Primers sequence Armealingﬁ
temperature/ C
RASSFIA-F 5 GCAAGTTTGCACTCTTTGA 3’ 55
RASSFIA-R 5" TGCAGGATACGTAGGAAGTT 3’
RASSF2-F 5" GGAGAGTGATATGAAGAGCG 3’ 55
RASSF2-R 5" AGGTCTTCAGATGCAAGAGA 3’
CDC42EP3-F 5" GATAAAGGCAGCTAAAACGA 3’ 55
CDC42EP3-R 5’ TGTGCAAGTGTTTTTCTTTG 3’
TGFBI-F 5" CAACAGACCTCAGGAAAGAG 3’ 55
TGFBI-R 5" GGCTCACATCTCATTATGGT 3’
DUSPI-F 5" GAAGGACATTTGGGCTGTGT 3’ 55
DUSPI-R 5" GCTCTTTGTCTGTTCTCGGG 3’
RhoB-F 5 TTATTTAAGGGTGGTGATGG 3’ 55
RhoB-R 5" ACTTCTAGGACAGGCACAAA 3’
LAMBI-F 5 TTCTCCAGTTGCTAGCTTTC 3’ 55
LAMBI-R 5" CATGATAAGGATCTTGGGAA 3’
ITGB2-F 5" GGAAGTGTCAGGACTTTACG 3’ 60
ITGB2-R 5 AGCTGCTGACCTTGAACTT 3’
JUN-F 5" TGTACCTGATGCTATGGTCA 3’ 55
JUN-R 5 CTTTTGTAAAATCTGCCACC 3’
THBD-F 5 TACGGGAGACAACAACACCA 3’ 55
THBD-R 5" AAGTGGAACTCGCAGAGGAA 3’
CCND2-F 5" GAAGAGGCTGCTTCTCTACA 3’ 55
CCND2-R 5" ACTTCCCTCTCCAAAACTTC 3’
GPR37-F 5" AGGAGTCCTATGGAGCCTAC 3’ 55
GPR37-R 5" AAGGCAGAAGAAGATGATGA 3’
MAGEAI-F 5" GGCCAAGCACCTCTTGTATC 3’ 55
MAGEAI-R 5" CAGCATTTCTGCCTTTGTGA 3’
ICAM3-F 5" GGTACTTATCAGTGCCAAGC 3’ 55
ICAM3-R 5’ CTCCCTAACATGGTAACTGC 3’
IL6-F 5" GGCACTGGCAGAAAACAACC 3’ 55
IL6-R 5" TTTGTGGTTGGGTCAGGGGT 3’
p2lcipl-F 5 GCACTCAGAGGAGGCGCCAT 55
GTCA 3’
p2lcipl-R 5" GGGGCCCCGTGGGAAGGTAG
AG 3’
GAPDH-F 5" AACGGATTTGGTCGTATTGG 3’ 55

GAPDH-R 5" TTGATTTTGGAGGGATCTCG 3’

1.5 ESFTEEEAMEMERESR
JH 1T Ingenuity IPA Software 73 #1257 6 1A FE A
B Thfe 2. R STRING (http://string-db.org/)
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Fig. 1 Over-expression of RASSF1A suppress
the growth of A375 cells
The expression of RASSF1A was determined by RT-PCR analysis.
Tumor cell growth kinetics were determined by longitudinal cell counts
using a coulter particle analyzer. **P < 0.01. ¢—¢: Ctrl/A375; m—m :
RF1A/A375.
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Fig. 2 Realtime RT-PCR analysis of differential
expressed genes modulated by RASSF1A
overexpression in A375 cells
Total cellular RNA was isolated from cultured cells using a Trizol
reagent. The RNA samples were then treated with DNase to remove
contaminated DNA and one microgram of these RNA samples was
reverse-transcribed into cDNA using M-MLV reverse transcriptase, in
accordance with the manufacturer's instructions. qPCR was then
performed using the SYBR Premix DimerEraser kit and iCycler iQ5
multi-color detection system. The primers used for PCR amplification
were described in Table 1. [J: IRES/A375; M : RASSFIA/A375. I:
RASSF2; 2: CDC42EP3; 3: TGFB1; 4: DUSPI1; 5: RhoB; 6: LAMBI; 7:
ITGB2; 8: JUN; 9: THBD; 10: CCND2; 11: GRP37; 12: MAGEAL; 13:

ICAM3.
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Microarray fold change

Fig. 3 Linear regression analysis and the coefficient
of variation between realtime RT-PCR
data and microarray data
Thirteen genes were selected for realtime RT-PCR. The "fold-change"
(Log2) of the RNA transcripts was calculated by using the RASSF1A
transfected versus the matched vector transfected for both PCR and
microarray data. Linear regression analysis was performed and the

coefficient of variation was calculated.
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Fig. 4 The top 7 functions and pathways of differential expressed genes revealed by IPA analysis
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Table 2 The top 5 Associated Pathways affected by RASSF1A expression in A375 cells

Associated pathways

Genes in ingenuity network

Cell death

Cellular growth and

proliferation

Cellular movement

Cell-mediated immune

response

Cell cycle

SOCS3, CTGF, IF116, MAP1B, NLRP1, IL6, KIAA0562, IL7R, NR4A3, STK4, HNRNPA1, PEG10, EGR2,
RHOB, GPR37, TNFSF9, TRIB2, BCHE, PAX2, HIPK2, KLF2, CLCA2 (includes EG:9635), IL8, GJA1, ATF3,
FOXP1, THBSI1, EGR3, EGR4, HBEGF, IER3, CSF3, IL7, INHBA, FOSB, IGF2, CCND2, CD70, DUSP1,
DUSP19, BHLHE40, ST3GALI1, CFLAR, SIRPA, PMEPA1, FYN, ID2, GDF15, SAT1, RPS6, MAP3KS (includes
EG:4217), NUAK2, ETV6, TRIB1, DUSP5, JUN, EDN1, MCAM, PLK2, GAS1, SERPINA1, VDR, COL18A1l,
CD24, PTGER4, HEY1, TGFBI, EGR1, SMAD6, CDC42EP3, NFKBIZ, DLC1, ITGB2, FOS, LDLR, NR4A2,
NF1, CBS, RASSF2, NR4A1, TGFA, MEF2C, PTGS2, AMIGO2

SOCS3, CTGF, IF116, IL13RA2, IL6, SPRY4, IL7R, STK4, NR4A3, HNRNPA1, PEG10, EGR2, RHOB, RORA,
TNFSF9, LAMBI1, PXDN, PAX2, HIPK2, KLF2, CLCA2 (includes EG:9635), IL8, PFKFB3, GJA1, ATF3, H19,
FOXP1, THBS1, EGR3, EGR4, HBEGF, IER3, CSF3, MAFF, IL7, INHBA, STC1, FOSB, IGF2, CCND2, DUSP1,
CD70, BHLHE40, CFLAR, EBI3, SIRPA, PMEPA1, FYN, ID2, GRB14, GDF15, SATI1, RPS6, ETV6, TRA2A,
TRIB1, DUSPS, JUN, PTPRJ, EDN1, PLK2, MCAM, GAS1, FABP4, SERPINA1, VDR, COL18A1, CD24, EED,
PTGER4, HEY1, SUZ12, TGFBI, EGR1, SMAD6, HNRNPD, DLC1, GRB10, FMN2, ITGB2, FOS, NR4A2,

LDLR, NF1, TBC1D8, NR4A1, TGFA, PTGS2
SOCS3, CTGF, IL13RA2, MAP1B, IL6, SPRY4, RHOB, TNFSF9, LAMBI1, PAX2, MYOS5B, HIPK2, KLF2, IL8,

GJAI1, PODXL, ATF3, THBS1, HBEGF, CSF3, IL7, INHBA, STCI1, IGF2, DUSP1, EBI3, SIRPA, FYN, ID2,
GDF15, MAP3KS5 (includes EG:4217), NUAK2, ETV6, TRIB1, JUN, EDN1, PTPRJ, MCAM, NAV1, FABP4,
SERPINAI, VDR, COL18Al, CD24, PTGER4, HEY1, TGFBI, EGR1, NFKBIZ, DLC1, CXCL6, FOS, ITGB2,
LDLR, NR4A2, NF1, TGFA, PTGS2

SOCS3, FYN, ID2, IL13RA2, RPS6, IL6, IL7R, JUN, EGR2, RORA, CD24, KLF2, FOXP1, EGR3, THBSI,
EGRI, IER3, IL7, INHBA, FOS, ITGB2, IGF2, CD70, ST3GAL1, NR4Al, CFLAR, PTGS2, EBI3, SIRPA

FYN, ID2, IFI16, GDF15, RPS6, IL6, ETV6, NR4A3, JUN, EDNI1, RHOB, PLK2, GASI1, HIPK2, ILS, ABHDS,
GJAIL, H19, ATF3, THBS1, EGR1, HBEGF, IER3, CSF3, IL7, INHBA, GRB10, FOS, IGF2, CCND2, NR4A2,
CD70, DUSP1, BHLHE40, RASSF2, NR4A1, TGFA, SIK1, PTGS2

2.5 RASSFI1A 15 A375 AL REF AT =
RYLAARSE T E F 4R

T HEANEH T % RASSF1A 520 (1) 2 5 ik
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Z 54 TN o 0 T M ES AL, 2 PR 1
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AN —.
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Bl RYEGM T IL-6. IL-8 [RIFES 5 T 41 i J5 30
PE LS, AE W 4% 2 i B AR 3 K F- c-Fos. c-Jun
(K 7).
2.7 RASSF1A BT B R ERE F IL-6 FIEE R E F
c-Jun #8 E1E F M 4% K #1257 46 IiE
BAVRBLRIEAN IR ¥ IL-6 7E RASSF1A 541
LR PR T, FNS5 Tafstr 540
o S R R 2 g — 2o B, IL-6 5 19 A
ZE LR O, Horh L FE# Sk K F c-Jun. c-Fos.
ATF3. EGRI1(H 8). TIMi# sk K+ c-Jun X 5 5j4b
38 N IR FE AR OGS, AR — AN/ 25 (] 9).
$278 RASSFIA 4 v fgid i {2 if IL-6 RKIA, M
c-Jun M FIOfE S, AT FIPERRIE. M),
K H RT-PCR £l IL-6. c-Jun. c-Fos Fll p21¥afcinl
mRNA FKIAKF. 45 R WK, RASSFIA Fiog £ik
A IL-6+ c-Jun. c-Fos Fll p21WeCirt mRNA ik 7K
F(E 10).



2014; 41 4)

518, &: RASSFIA X EEEE A375 MR MK

*357-

@ -

\Neighborhoop P O‘”' O e" ) e ) o«
NGene fusion - e el il i "
Cooccurrence e e @ e @ © e
:Coexpressmn e,..

Experiments

\DaFabases

““Textmining

“\[Homology] @""'

Score

Fig. 5 Global view of RASSF1A modulated gene network
visualization on the STRING based on evidence
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Fig. 6 RASSF1A modulated cell death network
visualization on the STRING based on

evidence from a variety of sources
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Fig. 7 RASSFI1A modulated cell cycle network
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Fig. 8 Subnetwork centered by IL-6 from STRING

based on evidence from a variety of sources
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Fig. 9 Subnetwork centered by c-Jun from STRING

based on evidence from a variety of sources
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p2 ] Wafl/Cipl
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Fig. 10 The expression of IL-6, c-Jun, c-Fos,

p21%Ge! network assayed by RT-PCR
Total cellular RNA was isolated from cultured cells using a Trizol
reagent. The RNA samples were then treated with DNase to remove
contaminated DNA and one microgram of these RNA samples was
reverse-transcribed into ¢cDNA using M-MLV reverse transcriptase, in
accordance with the manufacturer's instructions. The expression level of
IL-6, c-Jun, c-Fos, p2 1% was determined by RT-PCR. The primers
used for PCR amplification were described in Table 1. 7: DL2000; 2:
IRES/A375; 3: RF1A/A375; 4: H,0.
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Gene Network Modulated by RASSF1A Over-expression
in Melanoma A375 Cells’

YI Mei"?, L1 Ji%, SU Juan", ZHANG Jiang-Lin", CHEN Xiang", DU Qian-Jun",
XIANG Bo*?, XIONG Wei*?, LI Xiao-Ling*¥", XIE Hong-Fu""
(" Department of Dermatology, Xiangya Hospital of Central South University, Changsha 410078, China;
2 Cancer Research Institute of Central South University, Changsha 410078, China;

3 Hunan Provinvial Tumor Hospital and The Tumor Hospital Affiliated to Xiongya School of Medicine,
Central South University, Changsha 410013, China)

Abstract Gene regulatory networks have an important role in every process of life, including cell differentiation,
metabolism, the cell cycle and signal transduction. The RASSF1A is a tumor suppressor gene involved in several
growth regulatory and pro-apoptotic pathways. In this study, we have used microarray technology to define
differences in the gene expression profiles subsequent to exogenous wild-type RASSF1A in melanoma A375 cells.
Gene expression changes were verified in a subset of genes using real time RT-PCR. Association of modulated
genes with biological functional groups identified several pathways affected by RASSF1A including cell death,
cellular growth and proliferation, and cellular development. GRN of modulated genes were identified using the
STRING. Pro-inflammatory factors and transcription factors locates in the center of RASSF1A modulated gene
regulatory networks. Our results suggested that RASSF1A might affect melanoma gene regulatory network via
modulating the expression and interaction between pro-inflammatory factors and transcription factors.
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