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M, HALPUERDDX46KIA MR LA ML, KA R KRG BEE /RN (reverse transcription polymerase chain
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FEAE T ARG UIERDDXA46 1] feili i PI3K-Akt-mTOR(E 5% S il i, WIS 7 40 TR0 0, 308 i se i 6
e A R AR K A

[Xi7 ] DDX46; &&EmHE, W, M1, B

DOIL: 10.19401/j.cnki.1007-3639.2018.09.005

FESES: R735.1 YEERERE: A XEHS: 1007-3639(2018)09-0671-08
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[ Abstract] Background and purpose: DDX46 plays critical roles in cellular metabolism, and in many cases
it has been implicated in cellular proliferation. The expression pattern of DDX46 in tumor tissues and its biologic role
in neoplastic transformation have rarely been reported previously. This study aimed to elucidate the role of DDX46
in regulating the malignant process of esophageal squamous cell carcinoma. Methods: Lentivirus-mediated RNA
interference was applied to silencing DDX46 in esophageal squamous carcinoma cell line TE-11. Cell growth was
monitored using high-content screening (HCS). Cell colony-forming capacity was measured by colony formation assay.
Cell apoptosis was determined by flow cytometry. Furthermore, the changes of proteins related to PI3K-Akt-mTOR and
autophagy were measured by Western blot. Results: Lentivirus-mediated RNAI efficiently decreased DDX46 expression
in TE-11 cells (P<0.001). DDX46 silencing led to decreased cell growth (P<0.01), reduced the number and size of cell
colonies (P<0.01), and increased the percentage of apoptotic cells in TE-11 (P<0.01). Moreover, DDX46 silencing
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induced the apparent down-regulation of PIK3CG, Akt, P-Akt and mTOR (P<0.01), and significantly increased
expression of Beclin 1 and LC3 (P<0.01), without change in expression level of PTEN (£>0.05). Conclusion: DDX46

plays an essential role in the progression of esophageal squamous cell carcinoma, and DDX46-mediated regulation of

autophagy and apoptosis probably affects tumorigenesis in esophageal squamous cell carcinoma via PI3K-Akt-mTOR

signaling pathway.

[Key words] DDX46; Esophageal squamous cell carcinoma; Growth; Apoptosis; Autophagy
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EZS5RNAMCBI A R 27 RN AR IE
T DASE A o A g S PR SRk KO, TR R A B
Mt ARG 5 S, S50 LA .
KB . DDX46/ZEDDXE 5 RN AR i i i,
b1, HAE AN v 0 2Rk K 5 g i AH S 5
WAGE . FRATHETNATE 28, BEBmAN
DDX468 1 FImRNA 1) 3 15 34 BH 5 i35 T AH X v
BIEH AL, DDX46KEHFUIBRAENS & Il 248
AR . SR, DDX46Rik HEE
I A A A T R 2 ) 1 2 R ST e B R4S HIL
il BT AN R . AR I A JERNA (short
hairpin RNA, shRNA ) THHEA, WMEHL I ITER
DDXA63E F X B 8 W TE— 1 140 i M A= 2247
R, T HATRER AL, N TR
B BT R R AR A P RNA T R S PR S IR s

1 MR

FEIRHA

ASZE i ] 2A50 6045 . RNAlater ({E[H
Qiageni\\ﬁ‘l) , TRIzolit5 . LipofectamineTMZOOO
el A (L E InvitrogenAH] ), IR LI
(MR AusbianZA W] ) , BREEHEE . EDTA
( BB ETAY TRBEMARNF) , dNTPs,

Rnase Inhibitor X M—-MLV JZ ¥4 5 ( & [E Promega
o)), Primer (MU A W RHE A R A
), SYBR premix ex taq. PCRY #iXF & ( H
ATaKaRa/ZAH] ) , RPMI-164041 8557 5E (36
[ Lonza/A W ) , Giemsa ( FigAh EAEYHA
ABRAF ) , D-Hanks¥#® ( JE[ESigma/s ] )

GAPDH . AktXP-Akthifk ( FE[ESanta CruzZd
Al ) , mTOR. Beclin 1#i{& ( EECell Signaling

1.1

Technology/y 7] ) , DDX46, PIK3CG. PTEN
LC3HiiA ( FEEAbcam/A ) ) , Annexin V-APC
single—staining”ﬁﬁﬁt?ﬂ]ﬁ ( Z[EeBioscience
ANHE ), ECLEHJEENEY: ( Western blot )
Substrateifjf] & ( Z£[E Thermo Fisher Scientific
ANFD o
1.2 YREtEFH RS
NEEBIEMBRTE-110 [ EEFEH
EPWRHEARAF, & TFRPMI-164055 5%/
Hr, T37 C. COMTRITECN 5% 3G FRA6 N
F# o DDX46FEFRNAIFE 5 7 51 flshRN A 18 5
B (shDDX46 ) il & Ftuds iy b5 gLk N1k
FHARARA AR M, DDX46EHshRNA
J¥%5]: 5°-AGAAATCACCAGGCTCATA-3",
B PEXF B %1 (shCtrl ) [ FH 2 A 4
5-TTCTCCGAACGTGTCACGT-3" "% | Jifi
EHMHAMBAERKBTE-11400#1, A5
RPMI-16405¢ 45 75 KL B4l i (3~5) x 10*
A /LB, YR e fLAR th ARG 5
A IS FI30% 22 AT I, TE R YL BE IR 3L,
N B il w5 i AT (R Hh10) , 5
5541 (shDDX4641 ) FHEH 2 x 10° TU/mL. %%
BRI 10 L, XTRRZL (shCuldl) SR #Ei
4 x 10° TU/mL, JREEEYHES ul; JE&GLJF12 h,
A B R RE FR AR S G 5, WA IR S B
U, RHBUREICT IS, SC54H 5% A ZH 20 i
RASHY ; BYLJFT72 h, T BB MR
ERHN GO E A (green fluorescence protein,
GFP) HRINIEL, DGR R PHERRG R, 40
JiL B SRR ) 70% LA T E v A4k SE Tl SC 5 .
K B s SR A i S0 (reverse transcription
polymerase chain reaction, RT-PCR ) & Western
bloths % YU .
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1.3 RT-PCR

WX AE K IR H Y4, 22 TR1zolif 5
TS T R BUSRNA, SR &AM
Rl LAt B, FH 1.5% B B W BaE e r UKk 46 78 A
J5EEEE AR HE 55 E Promega sy /) FM-MLV 24
VL S SERN AR cDNA L 519k AT T

B AR A RA T, LLIGAPDHIEN NS
(1) . MLEPHFTRT-PCR, 27L&
DDXA6FE mRNAIAINT Rk i ( ACT=H By3EA
CT(l - NS EHCTH ; AACT=FEFHACTTY - %F
MHACTVIME ) o S EE3IR,

#*1 PCRs|I#RF3I
Tab.1 Primer sequences of PCR

Gene Primer sequences (5°-3°) Length //bp
Forward: AAAATGGCGAGAAGAGCAACG 110
DDX46
Reverse: CATCATCGTCCTCTAAACTCCAC
Forward: TGACTTCAACAGCGACACCCA 121

GAPDH

Reverse: CACCCTGTTGCTGTAGCCAAA

1.4 ZRETTEAE

AR TR A KB H R A0B, 2 AE N
b, FEeR R E B AN ARG LA2 000
AL R T 6L, B3 EAL, HigE
RZ 100 pL/AL, HiAEFE AL A G2 —
H, F37 C. COMBIITECHS% B 3756 Hh 45
Iy BIBUG 2RI IR, B R H Cellomics = N
Tk g R 45 (high content screening, HCS) A
ALK, FELES d; T AR HCSK A
Ui e A, 22 thS di Ay
FEMZE A . AR AR TR B RN (a2l T
YRR EE A A K i 4R T A AL A s Bt
() A AR BT T B 5 45 LR B A 55 (Y B
(B, AL NS 8] S B A, AR
HFE A BORE (], 22 3 200 B9 2 5 B ) 2
[N
1.5 TEREFR I

WCAE XA KRG B A, 28 B AR
Ak, 56 d IR R AN M BB RO LA
60041 il /FL 4% Fh T o fL AR B F- i, BEZH 3
NEAL, BEFRIR R N2 mL/AL; BRI E T
37 C. COMPBINECN 5% M 55 F- 56 h S 15 57
15 d, HakEEs Ao SRR . Sk
BFPBSPRIAAN LI s Bl A 4% 2 5 B VA TR
1 mL, [EE4M30~60 min, PBSEEE LML
W B AGiemsa 500 pL, Je 40

10~20 min; ddHOZEZAMMIER, BT)EHAME,
SRR (B 50 LA R0 S R TSR 17> 4
M veRE ) o
1.6  ZHAA TR

WA 6L ARG AR K3 H 1% 200 i J A 1
b, e E B AU, Sk g
AR F IRl —5 mLES O (UM% =5 x 10°
A, BHE3ITFL; 1300 t/minE 05 min,
F 5 LWEW, 4 CHAMD-Hanks# ( pHIE R
7.2~7.4) Ve MEITIE 1R ; Binding Buffer i
MMVLTE LR, 1 300 v/minf 003 minliEE 4 ;
200 pL Binding Buffer A2 40IETTIE; MA10 pL
Annexin V-APCYL (%, FEHEG10~15 min, iR
A ARSI
1.7 EBZFKiEWestern bloti il

Bt Hr94ni, PBSHRE2UCE , &IH 40
B AEPE S, 210~15 mindk L2SFG, 5
200 WHEAA4R (45K5 s, MER#2s) , 4 °C.,
12 000 r/min#§.0>15 min, 5% 4 M AL 2R 4
fEo I EIEBCAEM EHE AW E, %L L
FER20 ngdb AT b BLw 2 Bk 2R V3 A 1t fie 5
JZHL YK (sodium dodecyl sulfate polyacrylamide
gel electrophoresis, SDS-PAGE ) , 4 CHJE
BB 2RI W M (polyvinylidene
difluoride, PVDF ) i I, &M = il & 1]
PVDFEL h; Ef W BE—H0 ( DDX46H R
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1:200, PIK3CGHBESEL - 1 000, AktF R
1 :500, P-AktFiFEREL 500, PTENFRFEEEL :
1 000, mTORFBEEEL : 1 000, Beclin 17 B
1:1000, LC3FBEEEL + 1 000, GAPDHFRBE
1:2000) , SRERBEM—HUE T E 4 PVDE
fE4 CHbRd, VEREZE ik DERE3YR, K10 min;
BV BEAR N ) 40 (FRREREL £ 2000) , &
JE R B =R TR EPVDF2 h, VEIEZE vk
WRFEIE3Y, AFK10 min; $%/RECL Western Blot
Substrateif il & A A5 5E XL W5, B+ 5
BEE B PR R GE AR IR, SR T IR EE 5307 o
1.8 Git=abiE

N FHSPSS 19058 5o Brkidl . IOk
HIx £ 530K, BN 25 5 0 LLBCR G 50, 21
FABCR ARG . P<0.05 K25 A Gt 3L,

Bright field Fluorescent field

shCtrl £

shDDX46 |5

B 1 WABRENZERSENMMBRELEE ( x100) ,

2 % R

2.1 BRI SFHRNAIB I G DDX46E F K]
Rix

PR EERYLT2 hE, 2RSS B 4l
MIGFPHIZEATEN, 1005 EF 5045 49 4n i
B (shCulfH: 446 + 13, shDDX464H: 465+ 16)
FUEANMIEL (shCirl4l: 539 £21, shDDX464
560 +23) , DECHNMEN ELRI A BH ARG %, AR
ST 20 MU S YL R IA F80% L) |, ZshDDX4612
JREEFE YIS, RT-PCRAGIMZE R Bn, TE-1141
HMiDDX46FE I mRNA A I B =2 24 (&1,
P<0.001) , FIERCE N86.5%; Western bloths:
MZE UL, 255 K BE A3 R, TE-1140 i
DDX46 HZRA B B2 2 #H] ( P<0.001) .

S

shCtrl shDDX46

shCtrl shDDX46

RT-PCR#IWestern blot&ill DDX46%: E &R 2 %

Fig. 1 Transfection efficiency monitored under fluorescence microscope (x100), RT-PCR and Western blot analysis showing that lentivirus-

mediated RNAI efficiently decreased DDX46 expression

*kk: P<0.001

2.2 FREITEADDX46EFIMFITE-1140 4K

YL Y B A A SR, HCS
Al FESER U OGRS A, SR
A oA A5 F LR TR AN R 4591 2 1 H A
Mo H o 12 aEE e H 43 dfE, HCSHEZA:
M5 d, 30576 — R4 B 1] 5 2 (0 5 G IR A
BH, Al bl 2 AR K ih SRS B A5 4L
A RKihgk, SXRE4] (shCuldl ) ML, 3K
Y20 (shDDX464H ) TE—1140 1 E K4k & 30 i
(P<0.01, E2) .,

2.3 ERmEITEXDDX46EEHNHITE-11 4T FERLAL

B AN AE R SN LR 6 R A AR LA L BT 2H ALY
YU RERR R o ke . BT B R, AT L
T 0B ) ST A A R B SR RE T . H A
MIFFLEEFR1S ALk, BB APR, w
BETIEL, WIS . 3N ER
AR, A FshCurldl FeRETE i (133 +£8)
A0 A TERDDXA6FE A 5, TE-1140 M 78 B TE i gk
(shDDX4641, 37 +2) BEW/D> (P<0.01) , 40
LB g 0k 2 (3
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7000 8-
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3000 =
o 31
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2000 2
10007 1
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B2 it 2 RRESDDX46E FMHI TE-1 1M 4K
Fig.2 HCS monitoring showed that silencing DDX46 inhibited proliferation of TE-11 cells

A: Dynamic growth of GFP-labeled TE-11 cells transfected with shCtrl and shDDX46 was monitored once a day for 5 consecutive days using HCS (x50).
B and C: GFP-labeled transfected TE-11 cells were counted and cell growth curves were drawn accordingly; P<0.01, compared with shCtrl group

shCtrl w5
1
shDDX46
shCtrl shDDX46
Group
B3 TR S BIREEITEADDX46E RMNFITE-11 AT ER K
Fig. 3 Silencing DDX46 suppressed colony formation capacity in TE-11 cells

**: P<0.01, compared with shCtrl group

2.4 $RmEITEKDDXAEREFESTE-11HMEAT 2.5 Western bloti il & B BRIz KF

FlAnnexin V-APCE 437 2040 i T ERDDX46FE A 5, Western blotAs il

ORI 20 F U TS BE 3, AR TshCtrl4l PIBK-Akt—mTOR/{E 538 B{ e S 540 7 LA K H
(13.2% +0.23% ) , M ILERDDX46% WM CE A M ERIRKNE, £ KE D HTah R 5
HiE, TE-T14ET-% (shDDX464, 7~, PIK3CG. Akt. P-AktFImTORZE kK i
25.6% +0.28% ) WEFE (P<0.01, E4) . F W (P<0.01) , PTENZEA/KTC #2514k
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(P>0.05) , iMiBeclin 1MLC3% ik B E i Tﬁmmahmmm%vL% T 385 7 40 i 07
(P<0.01, KI5) , ¥R itBRDDXA6TTREM T TORIFIME, SR A S A A KA
Plot P03, gated on PO1.R1 Plot P03, gated on PO1.R1 Plot P03, gated on P01.R1
180 180 180
140 140 140
100 W E100 5 E100 %3 30 L
HOELE 50 S 60 8 60 i
2 20 20 S
0 10 10° 10 100 10° Vo’ 10 16° 10 10" 10° Vo 100 10F 10 10* 10° 520
Red-R Fluorescence (RED-R-HLog) Red-R Fluorescence (RED-R-HLog) Red-R Fluorescence (RED-R-HLog) € 15
ANNEVIN-V ANNEVIN-V ANNEVIN-V § i
Plot P03, gated on POLR1 Plot P03, gated on PO1R1 Plot P03, gated on PO1.R1 &
180 180 180 5
140 140 140 0
sobxds 5100 E100 2100 shCtrl shDDX46
S 60 S 60 S 60
20 2 20

0
1

0° 10' 102 10° 10* 107

10° 10" 10> 10° 10¢ 10°

010" 10' 10> 10° 10* 10°

Red-R Fl\lorescen\o,eng!ED—R—HLog) Red-R Fluorescence (RED-R—HLog) Red-R Fluorescence (RED-R-HLog)
ANNEVIN-V ANNEVIN-V ANNEVIN.

**: P<0.01, compared

shCtrl

PIK3CG

GAPDH [

B 4 BfERam AR TR 2R EITEDDX46E FiF S TE-1 1A
Fig. 4 Flow cytometry showed that silencing DDX46 promoted apoptosis of TE-11 cells

with shCtrl group
shDDX46
GAPDH

shCtrl _shDDX46

E 5 Western bloti&ill (& EEEARIE

Fig. 5 Expression levels of key signaling protein measured by

M

3 e

o

Western blot
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— AT A O 7R B4 B 4 4 0 3 v A
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DDX46/&17S U2 snRNPE%%E’JéﬂéJ\ S
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AT AZEDDXA6SE G T 454311 |,
26108 F, A DD X468 AR X 431 it
B3I x 10° 1" . A SCHIE, DDX467E A4,
o B 2k W R B T, DTERDDX463E
AT Gk 3 P 45 T B g A M R B B E O, T RE R
DDXA6TT#K )5 Caspase-3 FIPARPF A I 18175 T 4l
MPAT- OSSR, ERAPLEIARTERE . Ak
B, HETERDDXA6KEH REAS B A TE-1141
it 5 5 v BT R PR T AR b
fil; DDX46KLKUTER 5 Western blotha il % Fi,
PIK3CG. Akt, P—AktFImTORZE Ik & F i,
PTEN%E‘ KT E A1, MiBeclin IHILC33%
ik EH. AP, PI3K-AkUE 58 B AEF £
KW b S s L L ARE S PI3K T i
M RBERA N 3, A, EAE .
T A W B A 5 ) mTORAME FPI3K-
Akt 538 U BN B, e 40
ArERFLER, s RS E S R TR
TSNS R A SRR, R TR
U AR ARG AL, S FE A0 W A B
PR U IEWEEAT . mTORAL TR 1L
R, EI BRI A WAL 4R 4> FULKL ([ W
W RS 5 B — R B R ), H A R &
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A5 mTORIGMEGINH], mTORXFULKI1AY#EAR 1L
PHIVE DRSS, M ULK LS 8RR fbmAg13
FIP200FIULKI [ &, MmiEsiEme . 255,
ULK 1 2 A 1A AT 53 4 B 21 PN 5 ) a8 A
H R AR R E L, TR R A MR AR R
MM S MIFPIBKE A5, LC3%5 3 F - 4E A
wE T, LC3E A bR EER
Beclin 1 (7 AMEEL G A0 R ) SR AktAg—
AHEFR, Beclin 1 Ak S YEBERRLAE F A 5 R
A ] DA A, I A koS 5 0 IR R L ;
AktiE 1R fE Beclin 143 Beclin 15 E 07 T4 B
2 W e R AvEDRE, XEELE R E T Beclin 1
F I ) 58 5 B I8 900 1) D e 2 TA) Y G B, A 1Y
I Akl SRR AL AR 2 2 Y g
FENPTEN ZPI3K - A k{5 = i % S5 67 9 47
T, NI I AF AR PTENSE R 98745 5 il
&, EPTENZE G, PTENAR 1k 8] #2241 4
PI3K-AKt ST SRR, > . ABFSE &
M, PTENZEA7EEE BHETE- 14 h LR,
JF HPTENZE [ K35 /K FAEDDX46 A LB 5 TG
W 78k, W PI3K AT AKFE DDX46FE R TR J5 %
IRAKERA R, $278DDX46 1] fiE 2 PI3K-Akt5
I AN SRR T A

HATHFR 28, 2P A b fEE B
W PR s P BB LR, e U
T2, EYIAAE S, HAWASRSHEEN
JFET, SR T RIVE A AR E T A 1
TERA PSS R ANAEIET . A [ A T
R EOCEE . BN, M Z EARSHAEH
Jr 2B S R 5 S B A B . JH T
K Caspase—3i8 13 B VI K Beclin 11 H W
1}@ﬁﬁtlz4j , TMBeclin lﬁfﬁﬁ%%(:aspase—9
WL R T SR R T P, B
HI A BRI H TR M g 1, ST 20
52 225 TAEFHT AN 28, 9838 35 Z [ o]
gL Y E B B A R aris, BT —2
I Y S ) R

25 L ik, DDXA46M S Rk T B0
PR AR IE A5, DIBRDDXA6 ] BEIR] B G
SRR LRI T, T £ A e A0 A A

8, PI3K-Akt-mTORAE 7 [ 7] fig4 i 85 2 A
o, W5 DD X461 45 [ W 5 T 58
HAER KT, K TR e s AR
bR AR RN AR YT s SR S IR A
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