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W OE. [HK) FIH RNA T ARG C666-1 4t EB JGEEZPUIR 1 (EBNAL) MY F Ik, R EAL N 85 Hi S 4t
KA MR, [Jrik] RAEAFREN RS T REA 20l EBNAL 3K 4541, i F H SEmgms L pume (MTT) Jy 2
Kl C666-1 4l A7 1% 3, R HISEIE 2 B PCR S i HE R FRER T RN 5 BU A AR SC 5L B A Sl A Ak | I3 3 i 5 5
RATBEEE SV (RT-PCR) AN A BREDIBUEAT T4, [4528] EBNA1-1414 Al EBNA1-1437 +4/7 515 4t C666-1 4 48 h
J& A T A 59%F1 56%11%) EBNAL 5 1 3R3A A HEAAIE 25250 AR T 33% 1 24% PCR its v 5250 & LT3 EBNAL FRikf5
48 h C666-1 ZNfIH 164 MU RER 12-E 5 A (ALOX12) R H FREAH TR, A e H IGE 5 (GSR) Fal & Ak ¥ 3(PRDX3)
TERESEKOE3E B, [4518] EBNAL sl et 1 id ALOX12 Y&k R H2 1 & A S 1R

K4 . EBNEE; EBWEEZPLR 1; RNA THk; S
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siRNAs Targeting EBNA1 Down-regulate ALLOX12 Expression in EBV Positive
NPC Cell Line
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Abstract: [Objective] To suppress Epstein-Barr virus nuclear antigen 1 (EBNA1) expression in C666-1 cells by using the
RNA interference strategy, and investigate expression change of genes involved in oxidative stress and antioxidant defence
response.  [Methods] Small interfering RNAs targeting EBNA1 were verified by Western blot. The survival of C666-1 cells was
measured by the methyl thiazolyl tetrazolium (MTT) assay. The transcriptional profiling of genes involved in oxidative stress and
antioxidant defence response was analyzed by using real-time PCR-microarray method and the PCR-microarray result was verified
by reverse transcription polymerase chain reaction (RT-PCR) and Western blot. [Results] EBNA1 protein expression was suppressed
by 59% and 56%, respectively , and the survival of C666-1 cells was reduced by 33% and 24% respectively at 48 h after
siRNA1414 and siRNA1437 transfection. PCR-microarray analysis revealed that arachidonate 12-lipoxygenase (ALOX12) protein
expression was down-regulated and glutathione reductase (GSR) and peroxiredoxin 3 (PRDX3) expression were transcriptionally
up-regulated at 48 h after the suppression of EBNA1 expression in C666-1 cells. [Conclusions] EBNAI maybe contribute to the
oncogenesis of nasopharyngeal carcinoma (NPC) indirectly by up-regulating ALOX12 expression.
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EBJ% 2 (Epstein-Barr virus, EBV)5— &%
N A b B 3 DD R AR DG | Hrp A 5 5 A
S AR ELR  NK /T 40 ok £ R
EB JR#EAZPTR 1 (EBV encoded nuclear antigen 1,
EBNA1) 2 ME—1E EB Ji s AH 5 Mg vh 24 3k 1)
RS 1, 75 EB 3 25 19T ARG oA S AR T
EBNA1 A LIIE EB #5319 DNA &, JF7E4
Ji 53 Sk R R A 3 EB R U B R TE A L Y
SE AT FRATTAOAIF ST e R AE Y Qp S s F A ]
AEi It F i EBNAL 2 1 1Y 28 3k R A 2 ) 5 78 5
M- R 200 b i R R e, DA T AT B T 5 M 1
R R R RR ) AR — NG S 1 EBNAT A
B AT LY T HA B | HoAth EBNA 25 AR B AR
F 1 (latent membrane protein 1,LMP1) ] &3k B/
AT DS e — G 240 Jif B PR A 3Rk 145 FRATTAO A
ERIL, AR AR Hb DX S R 20 L AR S 1 7 S A
Z R (variant-valine , V-val) W 7l EBNA1 J& A 5 J&
RUAHEE , HA SR AE T W s 5k, Co66-1 4
i F RV T AR A G, AR RS SRk # rp
VRS EB i 8E , JF35 T EBNAL 1,/
9k £ B 7 B RNA  (small non-polya-denylated
RNAs, EBERs) FITE IR U S i 4 22465
WY EB EEE T GD1 W RIRY N AR N A, HA
FR I A GBS 30 bp [ LMP1 F£ R A1 V-val ¥ 7
EBNA1 JE[H , C666-1 A 52 L HA ML T [E 4 pe
b DX SR g VR M — — RS SR EB R EE 1Y
SRR AR 2R | O RIS S e 5 EB g B 114 2
THI, ARFFEHER EBNAL A LI BEI 20 1
GRS Wi g 40 LAY ) R, AR H AT R
WA BN Co66-1 2l EBNA1 KPRk
W5, Pk, FATiE 48 Co66-1 AIMIIETT EBNAT 3k
Y RNA T4, W58 EBNAL 78 S WA v i 4R
PT4F2K  RNA T4 (RNA interference, RNAi){E N
— P A R RUTR B, AR 0 O 347 i
WFFE U2 A . LIS M XU /N e B
RINA 250 A e o it 200 JHE 1N T % mRINA | BEL I
PPN R Fe 3k foT 40 G H B O PR B O g 6 78 A
WS n 7RG PR L 4 i EBNAL 25 T 44k
LS BB A B S A T e g Jre 0 IS 4 A A
A EB RS AT A EBNAT J2& 75 REAS 52 i 41k 1
WS PURAA IR YRR WE 7 ABFFERS C666-1
A0 B A EBNAT JE P BEAT 45 52 59 RNA I,

FFRG EBNAT JE R JTERXT C666-1 41 i 4 AL 1
S PR LA LB F R (52 | X EBNAL 78 &
Mg b A AE A T3

1 #MAEF*

L1 & #

111 etk C666-1 41M1 2 A IR T A K5k
SRR | H A S0 28 WO

1.1.2 £%&XA  /NT4E RNA (small interfering
RNA, siRNA) W F 812 A 5% 4405 Lipofect-
amine2000 . TRIzol i 71 Al jz %% 5% 3 5] &5 4 W |
Invitrogen 7y ), M-PER 25 1 24# W F Pierce 23
), B R 1 Sigma 23 Al EBNAT HL
(cat#sc-57719) AL VUIETRER 12 B A 1 (arachi-
donate 12 -lipoxygenase , ALOX12) $T A ( cat#sc-
32939) flid A AL W B 3 (peroxiredoxin 3, PRDX3)
PUIK (cat#sc-59661) M [ Santa Cruz A &), 2% bt
H BK L 5 B ( glutathione reductase, GSR) # #&
(cat#ab55075) W H Abcam 72\ & ,GAPDH 47t {4
(cat#Mab5079) Wy FHERFE Y22 ], B-actin HT I
(cat#4967) F1 ECL 1k 2% & St ik | W H Cell
Signaling A ], AL IS5 H AL PCR G (cat#
PAHS-065A) HI 2X SuperArray PCR master mix
(cat# PA-112) 4 H SuperArray Bioscience 23 Fl ,
RNeasy MinElute 2f161077] & 18 B QIAGENZ ],
PCR X &0 A Takara 22 F],

12 7 &

1.2.1 @i3d  C666-1 AU 100 mL/L i
AL B9 RPMI-1640 1537, 15 37 °C AR 4L
5% CO, BYIEIRAE NI AR R TR

122 siRNA #9 3t Aedk e PUZKHL[E) V-val 1Y
EBNAT £ [H 4 % X (1 siRNA 43 51 #% i 44 4
siRNA1414,siRNA1418,siRNA1437 Fll siRNA1538,,
siRNA1414 #1[w] EBNAT gwfid X 1) 1414 — 1434 {if
45" -GGAGGUUCCAACCCGAAAU-3" " siRNA
1418 L[] 1418 — 1438 i 14,5’ -GTTCCAACCCGA
AATTTGA-3' 12 siRNA1437 #[1] 1437 - 1457 {if
425" -GAACATTGCAGAAGGTTTA-3’ | siRNA1538
#E1A) 1538 — 1558 i £ :5'-GTAAGACCTCCCTTTA
CAA-3", FITAi siRNA ¥ EAT 21 MR K, 3
Ui e X FRI 2 AN o B BR8] (A s
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NC) 4 :5'-UUCUCCGAACGUGUCACGU-3', C666-1
YHILL 3.0 x 10°/FLAY R EEHERD T 6 fLHR ,24 h N
FRAMIL 35% ~ 40%fi 75 i 4L 100 nmol /L
1 siRNA FI 5 L 19 Lipofectamine 2000 AT
HH 5uL 89 Lipofectamine 2000 %% Y4 & MOCK
XTHE IR 72 h JE GG 1 UK siRNA,

1.2.3 ZaRPFRGRpEen 55T+ 2K
YL GiIRNA J7 48 h 72 h 1 96 h, Z: I M-PER &
1 2 i Y00 FN B 11 AT a1 75 108 B R B C666-1 21 g
SR, SDS-PAGE 4B BV M, JF 7% BRI IR AT
YeRWE, BHRERSEA 2 h,4 CFEE Pl
2, EBNAT —#1(1 : 100) ,ALOX12 —#i(1 : 200) .
PRDX3 —#i(1 : 100) .GSR —Pi (1 : 100) B-actin $T
(1:500)F1 GAPDH —47(1 : 1000), HRP Fric A4
ST 2 5000)F B FIFE 1 h, RAHECL fh2%
JOERFNT X SR, B Quantity One 4.6.2 3%
3545 EBNAT Fil B-actin [{5E BN 455 IR (L,
115 EBNA1/B-actin B JKJE LUAE, I LR AL FREH
C666-1 A5 AN EBNAT IR IEER,
124 @mief & e TP 5siRNA1414
F1 siRNA1437 #:2E 2 I FL y C666-1 LS5 48 h,
] 6 FLARAFFLANA 5 mg/ml. fié FY ik i m i g s
(methyl thiazolyl tetrazolium, MTT)250 L, 4k%E s
7% 4 h, Bk B, BALIA 1.6 mL —H L6,
S B A EC T REZE 570 nm AR WG RE(E
WA E R 3K, fii ] SPSS16.0 B AF TR B+
PRifE2E I LA AP TR R 22 52

125 RREEZESH  HHTITI siRNA1437
FINC JESE 2 REL Y C666-1 Al 48 h, S HE
TRIzol 57 158 FH $& B 40 g &L RNA, fi H RNeasy
MinElute Zlfb 57 &40k B RNA, 5 £ 4 i
D 20 22 B RNA YR, R A &6
BcDNA, 7 5 mL B HBECH] 1100 pL iR A .2X
SuperArray PCR master mix 550 uL. E %5 BEAYcDNA
102 L FUK HZE1K 448 WL, 1 10 wLIRSWEIPCR
R A BN FL A B PCR G A T SE A S
PCR {{GH1T PCR W i 4Bk I A A Ct 5k,
12.6 REFRABER SN iR B
SV (reverse transcription polymerase chain reaction,
RT-PCR) Zr#rfi 4751 siRNA1437 il NC i%
22 2 L YL C666-1 Aififl)5 48 h, Z: M TRIzol 127
Vi A SN M B RNA  Zlfk A RNA JFI0k 3 5 1

FH B 5850 &6 8 cDNA, i PCR iR &9~
W HMEN . NZ GAPDH, 519k . ALOX12, I
5145 -CCTGGTGTCGGGAGATCAC-3" | F i3]
¥ .5 -GGTAGTGACCCCATCACTGT-3" ;GSR, |
514 .5 -GTGCCAGCTTAGGAATAACCAG-3', F
51 % .5 -GTGAGTCCCACTGTCCCAATAG-3' ;

PRDX3, Lii#514) .5 -ACTAAGCAGATTTCCCGAG
ACTAC-3', F#514:5'-AGCCAGAATTACAAAAA
CAAAACA-3'; 1 15 P 25 11 D (surfactant protein
D, SFTPD), #5149 .5'- AGGAGCAAAGGGAGA
AAGTGGG-3", FiiF5¥:5'- CAGCTGTGCCTCCG
TAAATGG-3'; Mt %38 & 134 Bl 1 (thioredoxin
reductase 1, TXNRD1), FJi#514:5 - CTCAGAGT
AGTAGCTCAGTCC-3", TiiF54).5'- CATAGTCA
CACTTGACAGTGG-3' ; 2 2 TR W. 38 J5 il A
(methionine sulfoxide reductase A, MSRA), [Ji#5]
¥ .5 -TGTACCAGCCAGAACACATG-3" , T #i# 5
¥ .5 -CTGCTATCTTCACTCAGACC-3' ; I % &
E1B19KD #HEAEMH & H 3 (adenovirus E1B 19kDa
interacting protein 3, BNIP3), Lii#5|4 .5 -GCCC
GGGATGCAGGAGGAGA-3' T #5475 - GAGCA
GCAGAGATGGAAGGAAAAC-3" ; A 2535 4 7 52 14
3(scavenger receptor class A, member 3,SCARA3),
519 .5 -TCTCCGAAGACATCTCCTTGACCC-
3", FiE514 .5 -GCAGCCTTGACATCGTAGCACTC
C-3'; EAlEE H I P, AfE% , 1 (selenoprotein P, plasma,
1, SEPP1), Fii#5|#) .5 - GGCCCGTTGGAAGTG
GTTGT-3", FU#51 4 :5'-CCTAGGAGCCAACTCTG
AAT-3'; i 5B ALY 4 (peroxiredoxin 4, PRDX4),
514 .5 -AACAGCTGTGATCGATGGAG-3" |
T 51 9 .5 -TCAAGTCTGTCGCCAAAAGC-3' ;
GAPDH, L7514 :5 - GGGAAACTGTGGCGTGAT
G-3', N34 .5 -CTCTTGTGCTCTTGCTGGG-3'

2 % X

2.1 C666-1 ZARE T EBNA1 BYFRIE# 3
AL 4 54E%F V-val A EBNAT Zfth X
BY siRNA (43 5] 8 siRNA1414 siRNA1418  siRNA
1437 F1 siRNA1538) %% 4t Co66-1 4 1 ; H rp
siRNA1414 1 siRNA 1437 1625 H 7K A R 40 )
7 EBNAL 13635 ,2 K445 48 h 55 MOCK *f it
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AL EBNA1 A FRE 0 5180 T 59%H 56% , -
HZWEE LIS TSR E 1), Hit,
X 2 7% siRNA $H TR 25280 5500 B4 At AH
Fo,RNA T4k 48 h Ji7 C666-1 21 ML 77 1% Z845 Wil
&7 33%F1 24%(F# 2) .,

C666-1
48 h 72 h 96 h
s . @ e samdrsse — TBNAI
MARS mamem IR — (-actin
FEBW FEB N FEA W
NS SR R NN A
T S TS
¥ A R
1.20 + [] mock
[ NC
1.00 4 — — L siRNA 1414
[} siRNA1437

0.60

0.40 A

0.20 A

EBNATI relative protein level

Vi

0.00 -
48 h 72 h 96 h

Bl 1 siRNAs ¥ C666-1 4iff1/5 EBNA1 ERRIA T
Fig.1 Reduced EBNA1 protein expression after siRNA
transfection in C666-1 cells

A. C666-1 cells were treated with siRNA1414, siRNA1437,
negative control (NC), or not treated (MOCK). The cells were
harvested at 48 h, 72 h, and 96 h, respectively, and subjected to
western blot analysis. B: The expression levels of EBNAI were
measured and normalized with B-actin by using the Quantity One

4.6.2 software according to the Materials and Method’s instructions

1.00 A
0.80

0.60

Absorbance

0.40

0.20

0.00 -
mock NC siRNA1414 siRNA1437
2 1% EBNA1 EARIERIET C666-1 HHTFiEZR
Fig.2 The suppression of EBNA1 protein expression
reduced survival of C666-1 cells
Survival of C666-1 cells was measured by performing MTT assay
at 48 h after siRNA treatment. The measured values are represented

as mean + S.D. of the data from 3 experiments.

2.2 7£ EBNA1 ##IHI B C666-1 4BAEH ALOX12
EEBFRIE T

FAIE AT A B S HT4A AL PCR S 40T T
84 MR IR IBIE o Z VR T Ak P
FREE, A B KT A 1R B (glutathione
peroxidase, GPX) % J& i b1 Al i A 4k ¥ il
(peroxiredoxin, PRDX)ZWER b1, H4b, & 5150
S AR A SR A A8 Y 5 PR W28 e BT T
o WER 1R S AR B 10 M EA S
AL OCEE A 1y SRR TE EBNAT B4 5 A& A=
T2 A5LL B, SR, RT-PCR 4521 i /RiX 10
A5 A A AR R U R 12 - 1B G
(arachidonate 12-lipoxygenase, ALOX12) 4 Bt H
RK A L (glutathione reductase, GSR) Flid %A 4k ¥
fif} 3 (peroxiredoxin 3, PRDX3) [ 33k & A= T #H i
HARE (B 3A) T HAt 7 AN FE PR B Rk Ay & A=
B 4) o dE—2, BATH A& 5 ER S HORTIE
807 7€ EBNATL ##H C666-1 41 H{X ALOX12
(3K T4, il GSR Al PRDX3 7E 2 14 /K - 6
Rik225 (F 3B),

®1 10 NMNEUEHERENEREERRE
EREBI21E
Table 1 Expression of 10 oxidative stress and
antioxidant defence-related genes showed more than
2-fold difference

Gene symbol Fold change(siRNA1437/NC)

Down-regulated genes ~ ALOX12 -7.35
SFTPD -3.15

PRDX3 29.25

TXNRDI 14.75

Up-regulated genes GSR 3.20
MSRA 254

BNIP3 2.38

SCARA3 2.18

SEPP1 2.02

PRDX4 2.01

3 #

3.1 EBNAIl REB/ERBIHEXHAR

FENVUERBOARAE EB J 22 A1 5 IR B9 58
A DB G « Yin S B S I g 290 i A —
Foft i 28 2Ok PR 00 A0 B AR Rl A, 45 21— Fh EB i it
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T 110X12 e ALOX12
T s
T P

e e = PRDX3
[~

o andl o “ 7 EBNAI1

-_— EBNAL1

“ GAPDH e s o (; A\ PDH

$
QV’ $Y* QY'
N BN

B3 ALOX12 EFE7 EBNA1 FH/FHI C666-1
g RE TR
Fig.3 Reduced expression of ALOX12 after inhibition of
EBNAT1 expression in C666-1 cells.

A: The expression of ALOX12, GSR, and PRDX3 was analyzed
by RT-PCR at 48 h after siRNA1437 treatment,and the expression of
EBNA1 was also analyzed by western blot at 48 h after siRNA1437
treatment. GAPDH was used as the internal control. B: The protein
expression of ALOX12, GSR, PRDX3 and EBNAT was also analyzed
by western blotting at 48 h after siRNAI414 and siRNA1437

treatment. GAPDH was used as the internal control.

- - B SFIPD
E=—"—"EE""""3  xnroi
BT

| S— — AT
BT scarAs
E=——E M sEppl
BT PRDX4
N capDH

NC GiRNA1437

B4 71MENEHSHEALEXERTE EBNAL #HA1E
JEH C666-1 LR FHIRIELE R
Fig.4 Expression of 7 oxidative stress and antioxidant
defence-related genes was no difference after inhibition of
EBNA1 expression in C666-1 cells
The expression of SFTPD, TXNRD1, MSRA, BNIP3, SCARA3,
SEPP1, and PRDX4 was analyzed by performing RT-PCR at 48 h

after siRNA1437 treatment. GAPDH was used as the internal control

FEPERY | Fz 400 % NPC-KT, H EBNA1 $#5A9/)
T3 RNA T35, 25 5k BLim i T 40 i g 2k
A v BT BE 7T o Hong 25 12 I/ & J& RNA
(small hairpin RNA, shRNA) T4 EB ¥ 25 BH 1A
FERRR VR A0 22 P EBNAL 2355, K 5] 184

FH 20 B AZ P (proliferating cell nuclear antigen
PCNA ) 3k i e I AN 41 A 178 GO/G1 IR
Humme 258493 7 EBNA1 Bt [% B EB #5355
EZ iR AN AR I e NG i1 I N1 N S B 2 A
TE Ik EL B AR SR REAIR T 1 000 4%, 76)™ B EK
A A P2 BB (severe combined immuno-deficiency ,
SCID) 7] B 1) R Jg 245 W 25 BRI, #2278 EBNAL
BE PR AT LA 2 A0 e 0 8 AR AR T 5 A HE 1)
EBNAT J [H 4 5 [X () RNA T4 £ AR Ml 7
C666-1 il 50% L) F /) EBNAL & 113Kk, Jf
HA9 EBNAT #1355 )5 C666-1 47715 3 B
R $R78 EBNAT 16 S M A9 K A % g v n] g
AREBEVERT, it — 5T EBNAT YLK 5 X S A
S A LA 2 PR A O B T A
3.2 EBNAI Alggi@d Bl ALOXI12 K48 T &)
i BIHEIER

X C666-1 4L HT EBNAT BEDH il 5
20 1 S A R S T SR AR DG S R e 58 1% A8 AR g T
58, AT A 2 Fh A0 M A IS B A AR AR DG
P A Bk A2 B EBNAL £k, Hoh
ALOX12, SCHEFR /b B B 12 - g & Bl
(platelet-type 12-lipoxygenase,p12-LOX), 7£ EBNA1
BT LR CO66-1 20 My i 5 A K P 3Rk 1y
AN AU AR RS g 40 M ALOX 12
A H =Y 12(s) B IEH R PR IR (hydroxyeicos-
atetranoic acid, HETE ) #{{% T NF-«kB (4l i ¥M7F >
VTR, extracellular signal-regulated kinase, ERK)
WS 5T 12(s) HETE 755 19 5 % Ja 41 A 4 15
FEIST D BIRPERY p12-LOX 3 i 1858 57 B R R
I T B e A %) g A1), EBNAL AT fE
PA ALOX12 1Y 2R3k A 45 1] 422 b £ S W i 4, B
o FHLRA TR AT, AT R B8 GSR
FI PRDX3 7& EBNA1 #¢ T LY C666-1 4 g 5%
SRAGRA LI, M FERBIF R R AR R A
X A BE S GSR Al PRDX3 % 5% 5 263k 1Y ¥ 2 41
K, BRI T RARISE

Zr bRk, AT kBT R F
siRNA1414 I siRNA 1437 REREAT &b ] C666-1
AP EBNAL SR, T4 EBNAL KikJR
FIE T ALOX12 3k T, #2725 EBNAL Al fig i
ALOX12 R A] 4 A 45 e S A A (ELEL A
I3 FHLEIEARHRAIRDT
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