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EZEIEM: kiR NEN R EE (hepatitis C virus, HCV) 1bFIAE L5445 25 F14B (nonstructural protein 4B, NS4B) R
995 iR AU IR L02-NS4B 2 5 SRR FE D FIE R B% , IR AWFSTHCV NS4BTE NS PPN U JH- 4 -4t i 2 A= vh VR ]
KA BMRAE . Fik: B O A B 2R 180 B 41 AR LO2-NSAB AN B VX R 1555 A AR LO2- mkate2 & 750
P45 ) Human Gene 1.0ST J0% F i 1% 1 LO2-NS4B 5 LO2-mkate2 2% A KL [N . LT RUARRE N LD 40 R4 45 (kyoto
encyclopedia of genes and genomes, KEGG)EE%, FIHFishedlEMAGIANRITIGE, Y2235 S 5 015 55 Sl BT
BEMNT. B iﬁﬂ‘%i%ﬁ@ﬁ%ﬁfiﬂj(re&time quantitative polymerase chain reaction, real-time QPCR)ﬁ?iQﬁiE%K
sk I H ST A SRR, BV TMEEC 845G 251 (protein kinase C delta binding protein, PRKCDBP)JE[A | i
& ElpSS(tumor protein pS3, TP53)% + v-akt SRR IR B R IR [R) TR 41 (v-akt murine thymoma viral oncogene homolog 1,
AKRTDZER | 3 M FRRIFEEIA T M 72 /751 (baculoviral IAP repeat containing 3, BIRC3 )P FIBAN ik LI 24
13 [ (B-cell lymphoma 2-likel, BCL2L1)mRNA/K-, 58 : PILO2-NS4B5LO2-mkate2 2 [A] 5 R DG 4 1) HULIE R 1.2
BN T0.8 2 RSN, ET A28 869N AZIEP (L02-NS4BH 2 682122 AR IEH , {UdE1 446 L%k -
PHANL 236 M EEIFRIA TN . BRI 2 59 B E G S5 Sl 4100, EECF AT OE N A0SR BT AR EAE ]
T AHAE S I | SRR I R TolWFE 2 AR MF Sl 4 s TR 2 5 1) W B VAR 5 7 Sl 20000, A e
% Wint{i5 5 18 PR AN AR @ B4 55 . Real-time QPCRYGUESNRIA R EEP g 34 BE A b A8 Al 5 BE R 45 2R —
., /A HIJEAKT1, BIRC3MIBCL2LL, WA HN60%. Zit: HCV NS4BH] LIJHTLO240 i Hh S5 40 v~ . 21 sl 1
INARIGFE A R Z R RGL, TR SANEI T AR A AR RE A DG (5 S e Sl s
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ABSTRACT

KEY WORDS

Objective: To screen differentially expressed genes and gene pathways in L02 cell line stably
expressing hepatitis C virus (HCV) Ib type nonstructural protein 4B (NS4B) mediated by lentiviral
system, and to provide a basis for further research of molecular biological mechanism of NS4B gene
in chronic hepatitis C and hepatocarcinogenesis.

Methods: NS4B stably overexpressed LO2 cell line and negative control stable L02 cell line,
designated as L02-NS4B and L02-mkate2 respectively, were resurrected and amplified in vitro.
The differentially expressed genes between L02-NS4B and L02-mkate2 were determined by
gene expression microarray from Human Gene 1.0ST. The significant pathways of the differential
genes were selected by the Fisher’s exact test and ¥’ test according to kyoto encyclopedia of genes
and genomes (KEGG) database. The differential expression levels of S selected genes including
protein kinase C delta binding protein (PRKCDBP), tumor protein pS3 (TPS3), v-akt murine
thymoma viral oncogene homolog 1 (AKT1), baculoviral IAP repeat containing 3 (BIRC3) and
B-cell lymphoma 2-likel (BCL2L1) from cDNA microarray data were further verified by real-time
quantitative polymerase chain reaction (real-time QPCR).

Results: Between L02-NS4B and L02-mkate2, the genes with flurescence intensity ratio >1.2 or
<0.8 were considered as differentially expressed genes. A total of 2 682 differentially expressed
genes in the known 28 869 human genes were detected in L02-NS4B, 1 446 genes were upregulated
and 1 236 genes were downregulated. A total of 41 involved pathways of up-regulated differential
genes were identified by KEGG database, mainly including apoptosis, extracellular matrix receptor
interaction, cell cycle, pathways in cancer and Toll-like receptor signaling pathway; and 20 involved
pathways of down-regulated differential genes were identified, mainly including pathways in cancer,
Wt signaling pathway and cell cycle pathway. Of the S upregulated genes selected from cDNA
microarray data, 3 genes showed the same differential expression pattern by real-time QPCR as that
shown in cDNA microarray data, namely AKT1, BIRC3 and BCL2L1. The confirmation rate of
real-time QPCR was 60%.

Conclusion: HCVNS4B can up-regulate or down-regulate the expression of many genes in
L02 cells, thus affecting multiple signaling pathways relevant to cell apoptosis, cell cycle and

carcinogenesis.

hepatitis C virus; nonstructural protein 4B; microarray; lentivirus

PN R 4 9% 5% (hepatitis C virus, HCV)3E4E

LO2-mkate2, 7EMIEAM F, A% ) A Human

1‘@% E[4B(non—structural protein 4B, NS4B)7Eé#/I\
27 kKD EFH 261N AR B KEH, REIS T — MK
Sy T B R SRR R AR, RN ST HC VR il &
AW BRI, NS4BFE IR R A AL R 1,
FEHCVEE I B AR S5/ 2 A58, NS4BIY
WEFEAI R IS o HERITHCV NS4BIEHCVIE YL 18
PEAL R 40 Mg & A . R R R T PR a1
BL, AR R R AT & THCV1bAINS4B
55 41 48,5¢ 6 2 H mkate 2 35 [H fl 4 26 3k A9 18 0% 75 2%
R pLenti6.3-NS4B-mkate2 FI [ 1 Xt e 1 5 75 2% 1A
pLenti6.3-mkate2, AR50 R B, B A IEF AN
MR LO24 L, #H 57 T R IENS4BIE 5 1Y fa
41 M RRL02-N S4B Al A PE Xt B 12 75 75 54 5 240 i ik

Gene 1.0ST &5/ i EHCV1b&I NS4B 18 5 15 54 &
AR L02-NS4B 2 RILFEN, 45K HMMfES
WEN, REEFEASEHNBEENGESHS
Mg, HIERAMFILHCV NS4BEORG 1K) 4 T B 12
PEAR A

1 RS 7%

1.1 ##

5 955 75 A A1 L BR LO2-NS4B FILO2-mkate2
AU EE; TRIZoIAN . S sl & . RPMI
16408532 . - TE . AR I . AR M R
H 3¢ EInvitrogen’t Fl ; RNAR UK &l A 18
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QIAGENAFl; i sp AR R & A L
Ambion/A Al 5 FERES R4 SR AR AR iy A a2 A X IR
15l RN 3 7S DN 2 /S Y e 7 B2 R e W o A B €
EKEAffymetrix/A Al o 51¥) H L Invitrogen s H]
e

1.2 Fik
1.2.1 &RNAR Ao A

FERNA S IR & U8 W1 S 218 5 w5 A 20
JFRLO2-NS4BFILO2-mkate2 M RNA, F4r 66
THINE RNA R B MIZE I, T 19 B i B 058 i L Kk
R S RNAH128 SHI18 SHY ST 8
1.2.2 RNAB % F Ao th sh 45 %

SRNAFEAT B S5 R — 8 cDNA, AR5 1A
AN S LcRNATR4lAE, DL cRNAAEHT , FI FH B
LTI AT B sk AR —#e cDNAJR&lifk, F 4y
FEIGIE TR I 40 cDNARY IR .
1.2.3 # duAFit o 4 L

Be i Bk AW, KA 4 cDNA T BL Ak,
FH 29635 R W B I L VKA I B Be ke DNATR /N, A
Fricik X i Befb cDNASRIE o #E£ 24 S8R A,
AEPCRAL AT 5, MAZLE A, SR
WSR2 S 125816 he 2484505, HHL
FRIERS, TEWERE S AR R, AR BURE R R 8 S
o $EIES A AR TP R BET L b, RIF AT
ONATE S Efi R oY% 4 €118
1.2.4 135 # F@8 % 57

JE T 50 H 35 PRI B AL E R4 B (kyoto
encyclopedia of genes and genomes, KEGG)¥(##
JB, FIH Fisherff i A6 56 ARy ke 96, Xf 22 5 36
Z: 505 5 7 Il AT W E T, LLP<0.052h
ERAGIH#E L
1.2.5 B & 2 R 4 B4k B (real-time quantitative
polymerase chain reaction, real-time QPCR)J&4E &
A% h &R

M TRIzo IR 5] $2 40 il BN RNA, S i & ik
cDNA, LPIcDNANMARST real-time QPCRY 43
RS sk EME 5 TACERN: HH
Pl C 8455 H H (protein kinase C delta binding
protein, PRKCDBP)% N HEPJE?E E[p53(tumor
protein pS3, TPS3)KEM | v-akt FUBHHG I 9 H
TN E Y1 (v-akt murine thymoma viral
oncogene homolog 1, AKTL)FEH | &3 MK
WEM T EAMG N TEEFH (baculoviral
IAP repeat containing 3, BIRC3) & [F FlIB4f fifl
M ELJRE 24 1 (B-cell lymphoma 2-likel, BCL2L1)
W, 51¥FS WM T : PRKCDBP L5 ¥

5'-CGCTTTCCAGAAGGCACCA-3', Fifgl¥
5'-“ACTCCACCGGCTCCTCGTC-3'; TPS3 iif5|4)
5“TGCGTGTTTGTGCCTGTCCTG-3', Fiif514¥
5'-CAGTGCTCGCTTAGTGCTCCCT-3'; AKT1 I
51%)5'-CCTCTGCTTGGGGTCCTTCTT-3', FiFHl
¥)s'-CGGTCGCCTGCCCTTCTACA-3'; BIRC3 |-
51#%15' " TGCCAAGTGGTTTCCAAG GT-3', Fi#5l
¥1s'-CGGCAGCATTAATCACAGGG-3'; BCL2LI |
514 -AACTCGTCGCCTGCCTCCCT-3', 5|
¥)5'-GGCAACCCATCCTGGCACCT-3'; S B-actin
5195 -CTCTGGCCGTACCACTGG C-3', Fiif
5] ¥15'-GTGAAGCTGTAGCCGCGC-3', PCREA: 95
°C, 2min; 95°C, 10s, 60 °C, 30s, 70 °C, 45s, 40
MEH . MR real-time QPCR/Z N ] £k 15 2 41~k
it A7 N 5 DR RN N S B R CoAEL, 1A 3 IR A9 A X
Fiki=2"", HPAACt=LO2-NS4B41ACt-LO2-
mkate2 41 ACt, ACt=1Fil3& F (1) CtF I H - 2 3
g CeF- 3418 .

2 4 B

2.1 S RNAHHIRER

32 L02-NS4BFILO2-mkate2 Fa &% b Y 24
RNA, HiA, /A fE2.0~2. 12 0], HLik45F ] il
W E28 SHN18 SHZ A IARNAMN M 4547, JIES2 B 42 HL
= 4l RNA (K L) .

28 S

18S

El1 BRNARKE
Figure 1 Electrophoresis image of total RNA

M: RNA marker; 1: LO2-NS4B; 2: LO2-mkate2

2.2 R RiE

TEGeneChip Human Gene 1.0 ST ' {1 4528869
NERFENA o B0 BEFRMEB2 SERL IR (oligo) it
PP 3 2 o 4 A A (1K12) o & TS 2% 45 A 1 5
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Figure 2 Microarray scanning image

The microarray name in the upper left and the black and
white checkerboard pattern in the corner is revealed,
indicating that B2 oligo strong positive hybridization control

is qualified

2.3 ERFRIEERA

5102-mkate2 ik, LO2-NS4B 5 LO2-
mkate2 2 [H] 3 K ¢ Y i B 19 FL(E K F1.280/hF0.8
RHESFIRER, FECHIMN28 869 NFKIEH
LO2-NS4BF % kR i i th 25 7 Rk FE M2 6821,
Horp PR 4461, TR 2364 ; PALO2-

% 1 LO2-NS4B BREKRIBHEFRRIZER

Table 1 Differentially expressed genes in LO2 NS4B stably cell line

NS4B5 LO2-mkate2 2 [B] 5 K ¢ o B 1 U AE K F
280 /NF0.5 2= RN I N, Tk S 25 S Rk SE
574, Hop FREEE3A, FRIEFE 184 FAa
R TR 2E AR WL AR .

2.4 ESHSEBRIWN

K LO2-NS4B 5 LO2-mkate2 H 4515 51 ) 22 7 5
W EAT B F VRS T B, 45 R ER B2
NS5 BENG S S 4100, T2z
FEENZ 5B F MG R o200, #r
UR LMK,

2.5 Real-time QPCRIEIEERF T hERRIEZEHR

Real-time QPCREGiEFE [H.es i i s/~3R ik i
HE5 MMM A XK ER: PRKCDBP, TPS3,
AKT1, BIRC3FIBCL2L1, PILO2-NS4B5LO2-
mkate2 2 [AlmRNAZ Ik & HAH K F1.28/NF0.84)
k2 ARk LA, S50 R o Ay 345
A (AKT1, BIRC3MIBCL2L1)HmRNAZKF F (kb
B9 1.23, 1.95F11.84), 558 H 45 57 1)
—3, A21FEKE (PRKCDBPHITPS3) A mRNAK -
T (FLAE S 8 0.2110.55), 55 A 45 707
MIAH 2, real-time QPCRIGIEZE 5 R 4h
V)& % R60% (F3) .

RS FEFE R 2R
TOP2B DNA bG5B 180kD 3.16
ATF6B WAL SR+ 68 2.91
SPINKS 22 SR IREHIRI N, Kazal Y S 2.54
GPR1 G HAEIZ K1 2.53
TGM2 A A 2 2.49
NRI1H2 MR K% 1, H4, Wb 2 2.29
PRKCDBP EH#EEC, HH 2.28
TPS3 Jrhsa 26 1 ps3 227
MMP15 H T4 )R AKE 15 2.06
TNFRSF21 R RAE I F 22 (R R, B 21 2.03
AKTI v-akt FRUBHIG RS v w i B L [R5 1 1.42
BIRC3 T3 PR R T A H E = E RS 1.39
BCL2L1 B AR LR 2 FF 1 1.30
IFI44L TR FED 44 F 0.50
PPPIR3C EEBEIRES 1, JATIE 3C 0.50
HERC6 HECT I RLD &4 E3 {2 R &SRS 6 0.42
ZNF14 BHEEE 14 0.40
BHLHE41 TR IZIE - 3F - BBESCR, AU edl 0.33
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Table 2 Pathways of up-regulated differential genes in L02-NS4B stably cell line

; = ;
WS T ﬁijif ii P T
480 A H AR 10 50 8.10E-05 0.0017 4.7044
61 NEMHERAE 4 A % 4 6 9.11E-05 0.0018 15.6813
4510 B 21 200 2.66E-04 0.0035 2.4698
4210 AEE T 12 85 4.95E-04 0.0046 3.3207
4512 ARSI 32 (A AH BAE 12 85 4.95E-04 0.0046 3.3207
4110 211 it J1 381 13 124 0.0048 0.0248 2.4660
3040 [UECAEN 13 127 0.0059 0.0294 2.4077
5200 S R 25 326 0.0069 0.0329 1.8038
4620 Toll FE3ZMAF5- 1 3 % 11 102 0.0081 0.0373 2.5366
561 e 7 50 0.0099 0.0434 3.2930
4910 JiE R A5 13 138 0.0121 0.0499 2.2158
4115 pS3 55l % 8 68 0.0161 0.0601 27672
4621 Nod HESZ 5544 S 7 58 0.0224 0.0730 2.8388
4012 ErbB {55 9 87 0.0232 0.0745 2.4333
*3 LO2NS4B REMTHERERSENEEHESESER
Table 3 Pathways of down-regulated differential genes in L02-NS4B stably cell line
i i %2R , e s .
MRS iE A PR e I B N e P PSEES B
FR
5200 S I A 26 326 2.96E-04 0.0199 22131
3040 [FIESIUN 14 127 4.04E-04 0.0223 3.0590
3440 [FR EE 2 6 28 8.23E-04 0.0341 5.9464
4144 NFER 17 202 0.0021 0.0569 2.3353
4141 PN BT 8 n T 14 166 0.0056 0.0891 2.3403
4310 Wht {55518 13 150 0.0062 0.0940 2.4050
4110 4B JE A 11 124 0.0105 0.1392 2.4616
3 o Real-time QPCR 3 ik
| m BT
| HCV NS4BE R —MEAEEN, E0H4
0 MRS, FEEMAENRMAEE L, HEZED)
1 Aest s T B A HCVE il 5B A 44 1 e ik i ol A8 R

PRKCDBP TPS53 AKT1 BIRC3 BCL2L1

El3 Real-time QPCRINEFEF & REL &

Figure 3 Comparison of real-time QPCR and microarray results
Real-time QPCR validates 5 upregulated and apoptosis-related
differential genes (PRKCDBP, TPS3, AKT1, BIRC3 and BCL2L1)
mRNA levels selected from cDNA microarray data, among which 3
genes (AKT1, BIRC3 and BCL2L1) mRNA levels are upregulated,
which consistent with the direction of microarray results, however,
2 genes (PRKCDBP and TP53) mRNA levels are downregulated,

which are contrary to the direction of microarray results.

JIES T ) B R, 3k i I I 435 kg S HLC VA2 T 4 37
AN, NS4BRHAATP/GTPHE P HIRNALS 4
B AT HCVEE R SE ALY BT HAEHCY
RNAK fil FHC VA= i A ] h i) EZEAE AT, NS4BHL
B M PCHCVIA Y BT i F 2R R A
HARKMINS4BIL K 83, 454 405 5 i 5
BT, BB Ty b 7 3 Y S 8 0k i DR R 6 3 e
T A58 4 T AP 5% NS 4B B0 1 43 F ML DA & T 1
PO a8

AWFFELILO2-NS4B 5 LO2-mkate2 2 [A] 5E [H
IR E M AR T 128 /0 Fo0.8 02 Rk
B, ECHI28 8691 NKFEH FLO2-NS4BFRf%
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BRI 8 H 22 S KR HE 2 6827, Hiop RiAFEERFE
4461, TIHHREK1L 2367 ; LILO2-NS4B 5 LO2-
mkate2 2 [A] & K 2¢O 5 B (%) U AE K T2 80/ T°0.5
RS FIREE N, Gk 25 F R IB A S7A,
h B EE R39S, TSR 184, X S R X
PR T ACIHE . AN AN SR L A0 AR e s DL A A
Ml = 28 % G ot fE . Rk — 2P ARIINS4B I B
ML, X2 S5 WS 50557 S EIHET 1745
Br, KBINS4B LI FE S 510 8 %555 58
SO 41T, A PH TS . A0 AN I T AZ AR A
FAE FH A 20 ST 9 T R ol A2
WEZHEEE;, THERSSMEZEHEGFSHS
205, EEAEAEEE . Watfs 518 B4
JiEL 10 3

LD A 45 R BORNS4BEE (A R T
KITPS3, Mg RFE I+ 32 (488 K 5121 (tumor
necrosis factor receptor superfamily member 21,
TNFRSFZI)*ﬂFaS*ai\’é%tf@(\‘% (Fas-associated
via death domain, FADD)%mRNAKF, ¥ 1
FAT- MK FE I BIRC3, BCL2L1MIAKT 15 mRNA
K, UWHINS4BEH S0 IH -0l REAH C .
iJreal-time QPCRﬁ/fﬁ*ﬂigﬁﬁE%Kﬁ*?%
ik bR B 5 4 8 T AT X B s 3 (PRKCDBP,
TPS3, AKT1, BIRC3FIBCL2L1)mRNAKF-,
H P PRKCDBP 2 FIAGC, 456 H A, HiIF 2
I A0 L R L3R GR TR R BB =, FE T R R e A B
SR IR AR AN bR & A, DT B —
JibgeE Pl A 1, i Rk AR S T G T BT AR iE
T, TPS3EHgmts —FM MMl EH, &
P AR S o) o8 T ke B AR . TP S 3 RE T BH i 41
MR, WAliE AR T . ART 1L R 405 22 &
PR - O3 24 TR A 11 Ve, e R R TR UL 1 3 K e Ak
A T . BIRC3 3 A 4 5 8 7~ 26 1 410 ol 5 1
(inhibitor of apoptosis protein, IAP)%ﬁ%’:F'E/‘J*/I\
RO, A 5 R SR R T S AR AR SE T 1 (tumor
necrosis factor receptor-associated factor 1, TRAF1)
MTRAF2EE A M 7=, BCL2L13& [H 45 it Y 25
MR TBCL-28E 405 . Hgmht i) 8 7 T Zehifk
A, R 4 o AR A A TE O, g O b A
FIAH 0 28 CNZRRAR B o, ATl P T
Real-time QPCRJ7 ¥E 50 UE 45 5 i /R 34 8 T4 1 3
A (AKT1, BIRC3FIBCL2L1)mRNA/KF i, 1
2P T (PRKCDBPAITPS3) mRNAK
P, BRNS4BRREA MEIE TR, SRai% PR
B —5, {HPark®s R B NS4B AT I i 40 A% R T
kB(nuclear factor-xB, NFKB){%‘@ﬁﬁigﬁH*@ﬂ:%
[A-F-a (tumor necrosis factor-a, TNF-a)ifsF 141 i

FTo, P, NS4BS UM T B R A Rtk —
iff5% . Real-time QPCREGIF4E S5 3 PR F 45 R 1Y
W& A 60%, [HH THRIERREH B A, e R
AN 5 4 B R RS i i T A %

NS4BHEH FHBERKE, SHEN, K
BRI AE IR 1 S LI mRNAKSF, 3k 26 P 55 44
Mol BER . IR MR AT . NS4BHH
I EH4Hg A E 1B (interleukin 1 beta, IL1f). Toll
FEZ K6 (toll-like receptor 6, TLR6) . il
1(secreted phosphoprotein 1, SPP1)Fl#afk[HFCC
FJPHLAAS (chemokine C-C motif ligand 5, CCLS)
FHENmRNAK, XN T 5 50E . RIEA K.
T3 RS R — R T A B L B H 3 22, A Al ki
B 1t BB BH P FAR PS5 2R, TR B R A 2R
FF i@ i real-time QPCREE L dE— A HIE .

WU T A R A A 124 R, NS4B
& A A R D) A R Y R 1A
(cyclin-dependent kinase inhibitor 1A, CDKNI1A) .
04> 2L JE 120 (cell division cycle 20, CDC20)
A 3 24 E HH25C (cell division cycle 25 C,
CDC25C) % 13 E K mRNAK N, T 40 il J&
A8 MK % B 6 (cyclin-dependent kinase 6,
CDK6). Mad2%E F7H 22 Z4FH 7 SR [fE #E 1 HSmad
AR G125 114 B2 R mRNAZK - o 8 A 3 %
A326 M, NS4BAHE F b IZ M B b2 s>
mRNAZKF-, 454 i 88 £ [ CDKN1A, BIRC3
FIBCL2L 145 I i I8 J D5 240 it Jos 393 2 P MR 1 0
@’@Tﬂ]ﬂ?ﬂfﬂl2A(cyclin—dependent kinase inhibitor 2A,
CDKN2A)MIFADD; FiHi% il #2671 A mRNA
KAF, AL HE A2 i FE X Jun )5 9 FE X (jun proto-
oncogene, JUN)FITCE#AIMMTVHE & 07 £1 5
71 7B (wingless-type MMTYV integration site family,
member 7B, WNT7B) LA e 300 A yid 25 Al Mut S 7B 1
E”}E%Z(muts homolog 2, MSH2) . FLRgE 2 Bk
(breast cancer 2, early onset, BRCA2)HINKS3 [A]Ji
#1(NK3 homeobox 1, NKX3-1)%, 124 NS4B /&
5 BAT SOV AW . BinavZ "% BINS4BTE
AT HA-rasHE [N LG Qe 91 B0 T o T fENTH3 T3 46 ifd
AAERAL, NS4BHYATP/GTPEEE P Al GE-5 ixX 7 4
WG A AT 5 o AFIF N A NS4B 1Y % LB /N BRIAT
e AT AT AR g 2 A i) 20 DL b SR T
NS4BREH T 2 A K F1 2 505 5 56 ol i, ix s
B TR B 3 B AH HLAS SE B iU 2 1) W &, S [R] Y
20 B ) A= A T Bl

B2, FIHTEE R k58 i RS 5 (5 50l
BT, KBINS4BEHAEM LM T HLO240
MR VF 2 A W BRI R s, s ST, AR
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