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[ E] 86 R EER g IEsMSE S50 extra cellular signal-regulated kinase, ERK )X , % g 3K FE I+ 41
KA T2 FBCAARC TNF related apoptosis inducing ligand, TRATL )% 22 2% 98 40 g 58455 V6 64 52 e ke HAE FHALH F ik T
M ERK FR5a 0 B shRNA BI85 L A375 SLZIE AN, 48 h J5 A LWE A 100 pg/ml KN E4] TRAIL 5 H 4K 7 6
b, WOERANH , AL TR e e €, PRI X 40 MR A 0 400 Bt FET 30 L 40 U T FN TRAIL 2 K9 3835 ; Western blotting 6 J4H 5& 25 1 9 %
KK, £ WHIKRREAY ERK shRNA 435002k ERKI 8%, ERK2 , 3% A375 403 G, WIBHH XFHR shRNA 264 G, 140
MEELHI R 71% ,ERK1 \ERK2 \ERK1 +2 shRNA 2043534 %] 85% .90% F11 81% , P <0.01 );S M40 T BB ZH A4 11% Yk 2> 5]
2% 75 45( P <0.001 ).G,/M 40t A X FRZH 1) 17% /08 3% ( P <0.01 ). AHML A B tEA P21 P27 E1H EEM Cyclin
D1 7B AR, HR VLI S 40O T, 2% B8 shRNA 1 TRAIL Zb¥B 940, {8 15% M T-2%, T ERK shRNA #1 TRAIL B
A AL T RIRF] 40% ~60%( P <0.01 ), | ERK 2 H k68 .35 L R4 ST TRAIL 324K DR4 #5350 MXT IR 4
32% HEIMH 75% ~80% ,P <0.01 ),{H DRS 2L A, ERK 138 I B M4AK A375 40 M 19 3 205 iz 324K 1( Glu 1) AnE
R T HK- 11D R AR IAK . 8 s B ERK ST LI i 200 it Jo 301 A 10k Ji2 i L AT LA 3% TRAIL Xt A375
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Silencing ERK enhances susceptibility of A375 melanoma cells to cell apoptosis
induced by TRAIL

LI Hongxia,ZHANG Fan,LI Kun,LIU Qingping, QIN Jianzhong ( School of Life Science and Biotechnology, Dalian Uni-
versity, Key Laboratory of Carbohydrate and Lipid Metabolism Research in Liaoning Province, Dalian 116600, Liaoning,
China )

[ Abstract ] Objective: To investigate the effect of extra cellular signal-regulated kinase ( ERK ) knockdown on melano-
ma cell apoptosis mediated by TNF related apoptosis inducing ligand ( TRAIL ) and the underlying mechanisms. Meth-
ods: A375 cells were infected with lentivirus carrying either scramble shRNA ( SC shRNA ) or ERK ( shRNA ) for 48
hours and then treated with recombinant TRAIL protein ( 100 pg/ml ) for another 6 hours. Cells were harvested and
stained with PI; Flow cytometry was used to detect cell cycle, apoptosis, and the expression of TRAIL receptor; Western
blotting was used to measure the expression level of relevant proteins. Results: Knockdown of either ERKI or ERK2 by
isotype specific shRNA resulted in G,-phase growth arrest of A375 cells( cell percentageat G,-phase in control group was
71% , compared to 85% , 90% , 81% respectively in ERK1, ERK2 and ERK1 +2 shRNA groups, P <0.01 ). Accord-
ingly, the A375 cell percentage at S-phase was 11% in control group, compared to around 2% in various ERK shRNA
groups ( P <0.001 ); the G,/M cell percentage was 17% in control group, compared to the around 3% in various ERK
shRNA groups ( P <0.01 ). The change of cell cycle was accompanied by up-regulation of P21 and P27 proteins, and

down-regulation of cyclin D1 level, however no obvious cell apoptosis was observed. Treatment of scramble shRNA togeth-
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er with TRAIL caused about 15% of cell apoptosis,in contrast, the combined treatment of ERK shRNA and TRAIL in-
creased cell apoptosis rate up to 40% ~60% ( P <0.01 ). Silencing of ERK enhanced DR4 expression on TRAIL receptor
( from 32% to75% ~80% , P <0.01 ), but not DR5 expression. Furthermore, directly silencing ERK resulted in inhibi-

ted expression of Glut 1 and hexokinase Il , which are involved in the unique glucose metabolism of tumor cells. Conclu-

sion: Directly silencing ERK with specific shRNA inhibited tumor cell growth and enhanced tumor cell apoptosis mediated

by TRAIL. A combination of increased DR4 expression and impaired glucose metabolism is likely to contribute to the syn-

ergistic effect seen with TRAIL and ERK shRNA treatment in melanoma cells.
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A MM 5 I8 55 P extra cellular signal-regu-
lated kinase , ERK )25 7 %Pk S8 22 98 19 3 200 A7
BT, ERK {5 % 38 i i 0 10 254, 40 vemurafenib .
abrafenib | cobimetinib &5 3= L 41 il H: I+ i B¥ 43 B-
RAF F1 MEK, 00 feff FH ik {5400 i) Jier 958 200 e 46 8= 45
R IR R . IR ST ERK {5548 )
25 AL 25010 B 1 L X T 42 1 PR AR R Y I 1
SRy IR R R A DG U 1275 S A
( TNF related apoptosis inducing ligand , TRAIL ) BE %
AER A S 5 e e 4 08 1, JHG 5 4 i 3 1 A
T-% 4K 4( death receptors, DR4 )fil DRS %% &, fie #F
TS5 5 & A 1R( death-inducing signaling com-
plex, DISC)MTE I, Ja sh 4 ya T- R > 4R,
VIZ2 IiEg 40 B, £ 45 0 1k R 28, 6 TRAIL 75511
20 M 2 7 RO AR BB iRiE A B-
RAF FI MEK 4] 77 GE 3 56 2 23 40 U X TRAIL 7%
T T R BB (H B I ERK R 35X TRAIL
GO AR IR0 H G R WLARIE . ERK J2 RAF/
MEK/ERK {5 % 38 # ) 2 BE #4417 %, 44§ ERK1
(P44 ) FI ERK2( P42 )L . ASBIESE R 7 1)
/I Je RNAC shRNA ) 535l sl 5 LR ERK AN [R] 2
R BRI A H] ERK & A #ak xR R
JHL L AT TRATL 3555 400 0 3 12 ) 52w R AL

1 #MHEFZE

1.1 etk & 23X 5

NGB A375 SRR AN AW A R LAY
HBRATF, &A1 N ERKI( NM_002746 ) Fl ERK2
( NM_138957 ) i) shRNA Jii %7 () K 7 #T B 18 Ak H
Sigma 7\ A # fit, Scramble X} B8 shRNA J&i i | ps-
PAX2 .pMD2 £ i k7 35 1 Addgene $2 i, JEPH &
2H A\ TRAIL #5 (4 Al Annexin V-FITC/PI 4t 4 17234
7 & ¥J 4 Biovision Research Products 23 ] 7= fift o
ERK 5 pERK $i/&g [ Cell Signaling Technology %

"], DR4 #1 DRS ¢ 5 P01 H Immunex 23 7, [7] 4
XREHTIARC /N TgG 1 )W H eBioscience 23 Al , Al-
exa-Fluor 488-F51C ) FEHT Bl IgG W B Invitrogen 2y
H), WAL 12 2K 1( Glutl ), 11 % & B i HK-
1T ) 6B i ) 25 i i & GOPD ), FLIR I &L il A
( LDH-A )fn B-actin PR | Santa Cruz Biotech-
nology 23w . AL Ak, PN BE ( propidium iodide, PI ) 14 [
Sigma 2 Fl

1.2 shRNA 1% & LiF e &

2.5 x10° 4~ 293FT 4 AN T 10 cm ¥4}
Regelvb BRI 2.5 x 10° AN, 76 58 4> DMEM
Bigp 53353 % . W H , H FuGen 6 &5 2E 17 4L
Bt FANREFRILE pLKO. 1 30 3 K B % IR shRNA
JERI( 3 g ) PAX2(2.25 pg )Fl pMD2( 0. 75 pg )l
BT, T Y L A A U PR, 24 b
Jo B RO B RO TR SR TR 2 do il AE R,
Pefig 48 .72 h Hi 3R FIE W, B0 EIF AT
- 80 C IR VKA £ -

1.3 ik ds a2

1 A375 BEANMEEF T 6 LA (30 x 101/
L) BEFRE . RH , ZBREEFRU, A PBS, V40
Jl—¥K . FEAFP shRNA 8 ByE ARk —
FRE( 8 wg/ml ), BRJG LABEFL 1 ml A9 A 7 fL o
X} ERK1 1 ERK2 shRNA 45 75 SUR YL (4 7L, JnA M
R FIEA 1 mlo Z00URGL 6 b 5, Fdah s b
T, R S R, AR SR 48 h SR ORI, K
SR O3 2 PR 7 W PR B DR 9 NS S B2 E N
TRAIL( 100 ng/ml )4 ZE 8537 6 h, W 48 Il B 55 2 7%
4 ..

1.4 AR\ A 4m e B 20 | 4a BeL A = e 28 A iR
TRAIL &4k & ik

Wk ) B8 K. ERK shRNA Ab 3 59 40 i, ¥4 PBS
Ye—U L B IMA 1 ml BR ) 70% LB, 7 4 °C [
SEAIML 1 he BS.OFHLLEE, H PBS BRI —,
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A 0.5 ml RNase A( DNase free,10 pg/ml ),37 °C ¥
B 15 min PAZBE RNA,ZRJE A 50 we/ml (LA
PIRESL N AE 10 min, 3 X 40 M ASCKE 0 20 B DNA &
i, H FlowJo #4501 20 A J5 1A

Wk A375 4B 42 B0 2 BT IS, PBS
Pe—UK . 7E 500 pl Annexin-V 454 2% thig HhmA 1
wl Annexin V-FITC F11 pg/ml [ PI, BRI, vk
WG F AU 10 min, FHJE 2 4H SR 4 A 9 1,
S50 Flowlo A HEAT 438, 401 g 3 0 T 5 0K
SEAR M Ry A ) BT

A375 ARG IR B ERK1 5 ERK2 shRNA 48
h J& 6 BT I T AL, OF FH FACS 28 whi( PBS & A
2% RRAF INIE 0. 02% & 2N VA —IK . SR )5 #4H
Jfi 5 TRAIL 3244 1( DR4 )3z {4 2( DRS 4R FHifk
(5 wg/ml)EC[FAIX RGTIATE 4 CHFRE 1 h, BEAIAL
i, B 4l il 5 Alexa-Fluor 488-F5 ic i = $T Bl 1gG
( 1: 400%5F% )TE 4 CIFH 30 min, JH FACS 28 nhi vk
i 2 YR, AR I A SR 4 i 2% 1T TRAIL 32
fhRFeih , HARR R TR B MFL)FR .
1.5 Western blotting # & & & ik

JH 240 1 ) B AT AR 4 B, A 1 R A R
A Roche 24 F) )55 A BERR B H1F( Calbi-
ochem A H] )Y M-PER Wi F sh ¥ 25 11 £ B 2% b i
( Thermo Scientific 2N & ), IKIGHFE 30 min, Jil LA[H]
WM = .4 C B, W 1 3 0 20 i B 2
PP, Bradford ¥ M, B30 wg &
F17 SDS-PAGE. FLUK 25 WU , 28 W B 0K 25 11
B A 3] PVDF B E, JF ] 5% WA W34 ( TBS-T
Fis B )FEZ IR BH BT 1 he SRR S TBS-T if 24
Wi RS AR VRR SR BUIATE 4 CFE 0, BRI, JF:
FEE S 101 000 7 B (1) BAR 3 S0 A0 P B A 32 10 AH 1
THUEIRBEE 1 ho H ECLIRXH Rk & G EEIE
18 255 SYGN2/7503 , 92 [H Gene 2w ) i 5% FIAS
EHBRRIKGES.
1.6 %itzae

SR SPSS13. 0 Geit 2= 3, & EEAE LA » £ 5
FN , IREAR SR L ABCR IS FEAS ¢« R0, ZHREAC
BBk R R 5 229301 LA P <0.05 3 P <
0.01 RREFHAZRIHE X,

2 & B

2.1 Bk ERK A B 34 A2 & %3 ta B B B o it R

FHHEAF ERKI B ERK2 WV A5 shRNA (1855
TIOR3 1) B 156 A S e A375 MR BRI, A SR
48 h JE AR Y ERK B 2R (AR b ERK 2

A RIA K. g5 Rl 1A FrR, 5% B8 shRNA
( SC shRNA )#f tb, ERK1 FI ERK2 shRNA #bPRERRE
5 S5 A1 AR N Y A ERK AL EE 1 3R Gk K F,
ERK1 AYTLER B4 14 3 80% , ERK2 1) 170 2R &5 R s
ik, AT B S ERK2 7E40MI N Rk 5 T ERK1 £ ¢,
PRI A ERK shRNA B4 8% s 41 g 0] 5 20 ERK1
F1ERK2 B[R] 44, ERK shRNA 1, i 35 Hb 41
AR A I B R 1L ERK A 238 7K -, X $i7% H
GRS E

4 i ) 1 53 B s, 3 il U BR ERKI 5% ERK2
PIne i E Il A375 i G, #EA DNA & i,
TN 85% LA iy A Mo BHW £ G, 1,0 S H AN
G,/M 1119 248 i Lb ) B S B EG, X % W] ERK1 Al
ERK2 X 4HM R A Ve 2 R 22 . B G UIER
ERK1/2 ,BR3R80 G, JAIMHRH 51, G,/M A B 41 fifg
W& Z T T BR AL, 3R R B iR A G,/ M I FH
RO B TA B ) AG I 41 A ] 40140 G 2 1 AR b
BRI, ELHANH ERK 2235, R 38 i 40 e J& 19140 il 25
F P21 Fl P27 3%k, JF T I Cyclin D1 &, M5
HR IR E A S IR SCEEE T R 1C ).
2.2 ABIPH) ERK F k¥ 5% 0 8 20 Je 3t TRAIL 49
R

A375 A%} ERK shRNA AbHi A BRI 48 h )2
VRN S O BRI IS o v R A S 1 DR P o 4
BT A375 SR 2R 4 i X+ TRATL A (R fakb:
X AR shRNA B2 iIn A TRAIL J5AUAH 29 15%
(2R M R AE R T, SR, 765 B ERK SIE VKR 511
shRNA b3S , A TRAIL 20 45 11 ) 535 40%
DL bRy A375 g% A RO s I AR T B
JLER ERK1 F1 ERK2 F /i1 TRAIL BB % K T 60%
%) Bl 4 & A R T TRl 2A 2B ), X s gl SR
BN H ERK H— AU R A] i 35 b 5 A375 41
X} TRAIL A9 S0, I I5E & 0 ] ERK1/2 R {2 it
TRAIL & #5558 1) Jeg 248 B 5 A H
2.3 L ERK AW 3¥E3% A375 4afit DR4 #9 KA

LI ERK shRNA ZbFH ) A375 40A, A28 [ & il
BN, FIBET 32 AR R ST R A T g o, Rl 4
MR DR4 5 DRS MR XK. G5 R IR, &
SR A375 4[]k DR4 Al DRS,{H DRS Y33k
BT DR4. FEEUUER ERKI I ERK2 Y] f 2 4
5% DR4 720 Jd 5 2 180 1) 2 35 7K F, T DRS 1 3Rk
AR B 3A 3B ). K40 DR4 I H
KRR, ERKL shRNA 14 DR4 & 14 3k 1 1E H
ik, 1 ERK2 shRNA XF 4P DR4 £ 1 Rk 5%
A (B 3C ), #2725 ERKI shRNA %F DR4 % ik
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Fig. 1 Directly silencing ERK isoforms induces A375 cell growth arrest but not apoptosis

A: FACS profiles of cell cycle; B: Quantitation of cell cycle; C: Proteins expression by Westen blotting
**P<0.01,"** P<0.001 vs SC shRNA ( control ) group
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Fig. 2 Silencing ERK isoform sensitizes A375 cells to TRAIL induced cell death

A: FACS profiles of apoptosis; B: Quantitation of apoptosis
""P<0.01,"""P<0.001 vs group without TRAL treatment
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Fig. 3 Silencing ERK isoforms up-regulates the expression of TRAIL receptorl( DR4 )

A: FACS profiles of DR expression;B: Quantitation of DRs;C: DR protein expression;
**P<0.01, " " P<0.001 vs SC shRNA ( control ) group
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Fig. 4 Silencing ERK isoforms alter expressions

of key enzymes involved in glycose metabolism
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