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[ Abstract ] Background and objective It has been proven that tumor necrosis factor receptor-associated factor 6
(TRAF6) was a commonly amplified oncogene in lung cancer. However, the precise role of TRAF6 protein in lung cancer has
not been extensively investigated. This study analyzed the effects of TRAF6 on the proliferation, apoptosis, cell cycle, migration,
and invasion capability of lung cancer cell lines, as well as the potential molecular mechanisms involved. Methods To address
the expression of TRAF6 in lung cancer cells, four lung cancer cell lines (A549, H1650, SPC-A-1 and Calu-3) were assayed to
determine the expression of TRAF6 protein by Western blot and TRAF6 mRNA via qRT-PCR. Moreover, siRNA targeting
TRAF6 was introduced into SPC-A-1 and Calu-3 cells. Nuclear factor-kB (NF-xB) DNA-binding activity, apoptosis rates, cell
proliferation, cell cycle, migration, and invasion were determined by electrophoretic mobility shift assay, flow cytometry, MTS
assay, flow cytometry, scratch test, and transwell chamber assay, respectively. Western blot analysis was also performed to evalu-
ate the expression of the following proteins through K63-ubiquitination: P65, CD24 and CXCR4. Whole-genome sequencing
analysis was conducted using a second-generation sequencer in SPC-A-1 cells. Results TRAF6 was highly up-expressed in
SPC-A-1 and Calu-3 cell lines than the other two cells, which also showed K63-ubiquitinization in TRAF6. However, consti-
tutive activation of NF-kB was observed only in SPC-A-1 lung cancer cells. Downregulation of TRAF6 suppressed the NF-
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kB activation, cell migration, and invasion but promoted the cell apoptosis of SPC-A-1 cells. Markedly decreased expression
of CD24 and CXCR4 was observed in SPC-A-1 cells transfected by TRAF6 siRNA. Nevertheless, TRAF6 downregulation
did not affect the proliferation and cell cycle of SPC-A-1 cells. Additionally, TRAF6 regulation did not affect the proliferation,

apoptosis, cell cycle, migration, and invasion of Calu-3 cells. No mutations and no changes in gene copy numbers of TRAF6

were found by whole-exome sequencing of SPC-A-1 cells. Conclusion TRAF6 may be involved in cell migration, invasion,
and apoptosis of SPC-A-1 cells, possibly through regulating the NF-kB-CD24/CXCR4 pathway.

[ Keywords ] Lung neoplasms; Tumor necrosis factor receptor-associated factor 6; Nuclear factor-kappa B; Apopto-

sis; Invasion
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receptor-associated factor 6, TRAF6 ) J& TR A AL I 732
ARG AR — D E S, TRAFE ARG — A
7L, 43R TRAFL-7, TRAFsHE B 3% E 3 5 2 Fl
JifeE SR A6 PR 71 1 41 A -1 (interleukin-1, IL-1) /Toll
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34.1%, TEARNARSEEGH, JE—2PHESE T TRAFGHE R i 1Y
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{5 H 7if TRAF6F: R X A /N1 i il 8% ( non-small cell
lung cancer, NSCLC ) AR W) R AE A 52 Wi A FH 8 R 5
SyBEIY, ASBFSY XX — T T AR R A

1 #R57EZ%

1.1 20 AR M F 3 HiAk AS49 . H1650, Calu-3hiFk %1%
ARAE, SPC-A-14HMEMRIE A FIFEA0 R, Ul 5k
%o CXCR4HLIAI H Cell Signaling Technology/A#], H:
RPUAE (TRAF6, B2 ZALPiLIK . B-actin, NF-xB-P6S,
GAPDH, MMP-1, MMP-2, MMP-9, Twist, TIMP-2,
Slug. CD24. tubulin, Lamin BLL %z —#i ) ¥ H Santa
Cruz/A v,

1.2 SEI O EE IR G IHE Y ( QRT-PCREG ) Trizolik
PRI ST ZH AN ERNA, 22N O HHER E
SARNAJEL 15 i S AR B cDNAJF i1 FPCRJ N . PCRJS
TR ZR LS S B A6 F LR SE IR ES . 514 TRAFG: 1E
N 5ES-CTATTCACCAGTTAGAGG-3, JZ X 4%5-GCTCACT
TACATACATACT-3'; p-actin; iF X545 -TGGCACCACACC
TICTACA-3’, J7 Y 4%5-AGCACAGCCTGGATAGCA-3, 15
FICTY, H4EM2 " ( ACT=HREFCT{H-NZECT
{8 ) 5 mRNAKIN T B-actin AN ik AT HAR ™
1.3 ZEEPWE ( Western blot ) FHRIPAZL A ik S 67 41 it
PRI TR o SR HIBCALLI it 85 11k B BA o 2 1
Feih (20 ug/fL) , # 8% SDS-PAGEHLIK, 1T
0.2 uMAHRREF4E RN, SW MG TR A, A —
Pt (1:1,000) T4 CFFFIH, TBSTIHYE, HRPHRIC
—H (1:2,500) FIEBFELh, BCLE (M, Bkt
1.4 TRAF6Z ALK SR FHER BNy 7k (DL Tk
1.3) , BT Rz ZMENSE, s, R
SR B I BUARRRE 12 ZARAS PR O, B
FORE L 38 BHE ST AR LA 20 T B — R B Y
RN kA Tz R Ak, RIANRFETRAF6 4541 Wiz 24k
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ik, PRTRAFSIRIRE L A2 Kb,
1.5 TRAF6 siRNA¥; Yt TRAF6 siRNAJW [ Santa Cruz/\ F)
( TRAF6 siRNA (h): sc-36717, control siRNA (h): sc-37007 ) L)
S siRNAFE LA &0 ( Qiagen, No.301799, ) .
W ARSI AN, Calu-3, SPC-A-14HJfILA1x10°>/fL 4 Rh
FoFLE M, X TRAF6 siRNARL L4 . AllStars Negative
Control siRNA%% YL Xf B2 A K2 (1% B4, I LAsiRNA
AllStars Hs Cell Death Control siRNA%G YLA/E Sk Wil 5% Yz
o BHKINE AL, TETCRNARGIRGE T+t B 1k 1
1E. HigR4hlea8 b, HHATIR SR CHI
1.6 MTSVE A A0 i 3% 5 76 M = i K ## 1£90 min
flfE CellTiter 96 AQueous FL ¥ i 2 /i 34 5 A6 0] 12 57]
( Promega, FI[E) . 7E96FLAH, FEFL100 uLffds SRk
HIA 20 L) Cell Titer 96 AQueous FLJ%5 Y 4 JIfg 38 FE A5 1%
M, TEAMIERFRAR N ARZ# 5 0.5 h, 7ECLD-RADSSO%Y]if
PRSI, VEIR490 nmilll i€ W EIE . 35 XS BRON L, 46
DUAEAS 55 2 HOAE R AR 240 M S A
1.7 A SO o A0 200 L 1 IBORT 50 A e P 5
10916 21 I 775 240 0 55 5% %1 5 4 5 B Ry 1 L0456 T 75
LA, B5FR12 hiFANMNGRESS , % YL TRAF6 siRNA,
IS UG BRLA R B siRNASE JU Xt BRZH L 48 hJF IS R 4
Jfl, PBSHEANM, HIACHEAM, ST A& (dt
BiF AN ), JLAS uL FITC Annexin VIS uL PLEEGIE
FH15min/5H Binding bufferti%, LhN FALKHI
1.8 it A L ASCAR M ST S BB E5 4 4 i FH 5 10% i3
2 L7 240 355 5 AR T 240 % 8 Ol 1 LO B Al 75 FLAR
i, KEFR12 WG BE )G, #% Y TRAF6 siRNA, i
25 AR BE DL S PR siRNASE YU X BRZH 48 hF AR 2,
70% CEEME , HCT4 COFRER . R H, R4
HEAT AL R A A
1.9 BERIFFESLES (electrophoretic mobility shift assay,
EMSA ) it AFEACSE R0 3y (AR BRI R 1. EMSA
YIRS OO, RETESI . $"TACTAGCTACCT
CGTGTCAG-3', 446.5%IF A2 11 5 AR Tt g BE e 7 v Sy
120 VAE R IEEHL K60 min, EZEIRT, 410 pghZ A
IMAFBZK T, 30 minf5 FIAAY RPRCHET, 30 min
JE BEAT HL Pk 100 minfFRE B HERS A I HL 4 JE JE 380
mATE L 740 min, FEHR 4 JE e B 2 TR AMT R se ik
15 min, FEHIA30m LA SR T W20 min, RfE
AR 1S min, A2 RCRE, BEER .
1.10 TranswelliF #2356 R FJ 35 [E Sigma/ A AU A A
Matrigeld& i it ) Transwell/N% , Calu-3, SPC-A-1Zi{fifd DA

Ix10°4™ /FLAERN FofLEE TN, TR 724 h)5 54 YL TRAF6
siRNA, 1525 FU0 B DL S PH I siRNASE YLt e, 48 h
JE AR B, VAR AN T R 4x10°/mL, HR0.2 mLyZFl
Bl Transwell/NEE , JF¥f Transwel/NE B T24fLHR N, E
N R 1% I M IR 5L, TERE10% (s
) KGO GRS, BER24 hig AR S 8da/NE
AL, T90% (IABIE) HEERE E, 0.1% (it
) G, PR T R FOOLEIE BB 200/5 0
HFRAAR . SR E A 3K .

1.11 ¥JESCE ZTRAF6 siRNAKE Y448 h)5 ¥ Calu-3 .
SPC-A-141iE A 1x10°4> /LRI FofLEE IR, Fhikas
FIXT R BH M siRNASE YL X BRZ, 24 b 10 LA sk
HAEENYR, HIPBSUEANME3, HBRWIT R4, A
TMIEHEFRE, FR12 b, BHE200R5 08 g
i

1.12 SPC-A-1Afiffl k4= FE 2 7 SPC-A- 1A I k22 F B
DNAJG, % EHINERIEFRAFTT HEdEA TS 47,
K Agilentfifi 57 G 1T E . 7EHISeq20000 7 R 4E |
HEF T A BRI e 3 (DU IREESOx ) o

L.13 GEit2 i s da 4 SPSS 16,08 F i 4 T4 ds Ak
Mo BT SE BB 3R . A B B
MEZERIR, Z A LSRRI R Iy 2204, PRAIHE
A FCBER UG, LAP<0.05F /R 2Z A G L,

2.1 4F i 40 IR TRAF6R 35 . TRAF6HE [1K-6372 R 1k,
DL NF-xBZH BUPEIG ARG B0 FRATEE R TAS49 . H1650,

Calu-3FISPC-A- 15545 il A A ik, L FH 2 11 B8 AR T -
PCRIY 7 LK M TRAF6 2 [ MImRNAR FK L H ML, 1E
Calu-3FISPC-A- 14 g i 7 L5 I TRAF6 8 [ AH X i 6 ik
(E|1A) , TRAF6 mRNAJESPC-A-1. Calu-34fifd 1 (/4H
Xtk (227) 2 (0.39140.095) . (0.365+0.075) ,

mTAS49 . HI6S04 il 3Rk (0.210£0.039 ) |

(0.19040.024 ) (P<0.05) . TRAF6{E JyNE-xBji % |1
RHESLEE T, L A B2 R AEGE A B3 R
G A 5B T IK63 M vz 24k, TS NE-
kB K. [RIL, FRATTHE— 20 0 R A P B A K 6377 R
fb, &I Calu-3FISPC-A- 141 f#Kk /£ TRAF6 2 [ HL YK o7 B
AK63 iz R, LA R AR Calu-3 FISPC-A- 141 ik
TRAF6i%{L (EI1B) o 534b, ZrilidEid el . EMSA
J5 K NE-xB-P6S A il A% M 235 LA S NF-xB-P65 5 DNA
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SEGIEDL, AN A kT, (UAESPC-A- 120 f bk W 5¢
FIINF-xB-P6SHI 1% P % 34 L) S NF-xB-P6S 5 DNAZE 4,
X $E7RSPC-A- 14 Il ENF-xB{5 51 f2 4 ik iG Ak ([&1C
FIEID) .

2.2 SPC-A-14IJI Rk 4 3L R I 2550 AL P2l e &5
RAIR: SPC-A-14H MUk A & B TRAF6HE[H 53 2% ) e LA
5 DB A4S, {HTRAF1, TRAF2, TRAFSI & B4 X 5
5,

2.3 SPC-A-140 ik NF-xBA KLk 16 (LK TRAF6 £ 15
TRAFG/ENFE-xBfi5 SR 2/ Ll G501, N T
ik — 5 W1 SP C-A- 14H il AR NF-xBZH A1 175 Ak J2: 75 46
TRAF6rT-, F{1 FITRAF6 siRNA¥%4 YLSPC-A- 141 ik
TIHTRAF6F 5, WELSPC-A- 14 il bk NF-«BIFE : A5 (b 1%
Olo EEIELEEERERY], TEFYLTRAFG6 siRNAJ548 hi,
TRAF6 £ [ 33552 B S A3l [R]BUEE¢ 2 SPC-A- 14
JORENE-«BAL BTG LA 2 N E (&12) o X Segh i 4R
SPC-A- 14 JfI AR NE-xBZH Ji 1 1 AL MK TRAF6 %35 .

2.4 T FISPC-A-14 itk TRAF 63 35 ] LA iff 41 Jfd 4
o, (HXT ARG . A MR O B s e S T i —
A WA TRAF6 75 6 35 XF SPC-A- 140 A AR )44 7 M Y
WTEVE, AT @ 4% YL TRAF6 siRNAT JHSPC-A-14f
MR TRAF6F 3K, F£0 =AM M4 . MTS Ty vk ke il
SPC-A- 14014 T . 200 i i) 39 LA R 200 i 15 4 19 722 4k
TRAF6 siRNASG Y448 hi, GNEI3FTR, AHAEAIJH T 454k

B 1 ATAHEARTRAF6RIE. K-63iZ R L IARNF-xBAM EFLIE
Bl AT AR TRAF6ERRIE. IRIVAREER, MEBITES
EMTRAFG, B-actinfEAAMS, B: MFAHEMAEKAZERIL. Calu-3
FASPC-A-14HRAFRETRAF6 R B FLIK i B B /RK63i2 F 1k, R RTRAF6TR

H (44.0%%0.98% ) , 55 BHAXS BAZH S BT BRZH AR L,

AR (27.2%+1.86% ) . (28.1%+1.45% ) , 25 E
(P<0.05) . TIHTRAF6KIAFFA X SPC-A-1AH ik i 4
MR . ARERG S A s (BORER R ) o

2.5 TIATRAF6K A AT LI HISPC-A- 141 {258 S it #4 fig
J1 FRATTA 52 Transwell /N2 7 K Kl S 504G I 200 it 14 4= 7%
LIERRES), TRAFG6 siRNAR; Y48 him, 525 141 KR}
HELL b4, TRAF6 siRNAKL YL2l SPC-A- 14178 it 7
eI ES (E4) o RYRSEIS R, X RRZH A2 4%
HEPRArRAE T (50.2+1.1) pm, (48.5%1.4) pm, Lz 3L
HAE T (8.3£0.7) um, 2R (P<0.05) , UiWIFE
YLTRAF6 = 4 i (1) TR HE JIFEAR; Transwell/N2 525 it
/R, TRAF6 siRNAFE YL [P A0 (11.242.1)

EFBRPE T BRZ S BAPE X BRZHAR B, 43000k (32.1433) |

(383+52) , ZRMHE (P<0.05) .

2.6 NIHTRAF6HK AT LIANHHSPC-A-14ffiCD24, CXCR4
EARIE N TIHRE NI TRAF6R IKNHISPC-A- 141 il {2
22 NG RERETT AT REAHOCHL , FRATTE— 2P i 8 Ep
T AN 5 20 i A 1 B R 2R A A DI AH DG R MMIP-1

MMP-2, MMP-9, Twist, TIMP-2, Slug, CD24[) %
CXCR4FE 1)1 . A TRAFG6 siRNA%%: Y448 h)i7, TRAF6
sIRNAFLZ L2l 575 (4 . XFPHEZHAR L, CD24 )¢ CXCR4%E
HFAUR T, HREARARIILIBAZL (KS) .

2.7 T ATRAF63R IR X} Calu-3 4 i b i 3 Mk A W 2 1) 52

AE R E iz R, C: AT A #ENF-xB-P65 A IAZ R ILX ML . 1REN
A% EBFEITERENERN, X B-actin, LaminafE A ¥ BT % E
BiRURER NS, D: A=A MAkNF-<B-P65AIDNAL & iF L.
IRELAA A% B B I TEMSARE T,

Fig 1 TRAF6 expression, TRAF6 K63-ubiquitin and NF-xB
constitutive activation in four lung cancer cell lines. A: TRAF6
expression of four lung cancer cell lines. Cytoplasmic lysates were
analyzed by Western blot and f3-actin was used as a loading
control. B: K63-ubiquitination of TRAF6 in four lung cancer cell
lines. Calu-3 and SPC-A-1 cells showed K63-ubiquitinization on the
loacation of TRAF6 kDa in Western blot. C: Expression of nuclear
NF-xB-P65 in four lung cancer cell lines. Nuclear lysates were
analyzed by Western blot analysis. B-actin (cytoplasmic) and
Lamin B (nuclear) were used to determine purity and as a loading
control. D: DNA-binding activity of NF-xB-P65 in four lung cancer
cell lines. Nuclear lysates were analyzed by EMSA. TRAF6: tumor
necrosis factor receptor-associated factor 6; NF-xB: nuclear factor-
KB.
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B 2 HHTRAF6ZFRIAR A TIESPC-A-140 B4k NF-<BAJiF 1%, TRAF6
siRNAB X FBsiRNAZ L SPC-A- 141 fE#k, 21324 h %48 hig, 7 5I1R
AR, MBiZE R MTRAF6. P65%KiA, B-actinfiLamin BfE
ANSFE, 1: TRAF6 siRNA ; 2 [AIEXTEE ; 3 PRIEXTER,

Fig 2 Downregulation of TRAF6 reduces NF-xB activity in
SPC-A-1 cells. SPC-A-1 cells were transfected by TRAF6 siRNA
or control siRNA. After 24 h or 48 h, cytoplasmic lysates and
nuclear lysates were analyzed for TRAF6 and P65 expression,
respectively. B-actin and Lamina B was used as a loading
control. Line 1: TRAF6 siRNA; Line 2: negative control; Line 3:
control siRNA.

A B

3 TATRAF6RIEXTSPC-A- 1AM AT IS, A =EXHEZE ; B: BRE
FFHEZHE ; C: TRAF6 siRNAFSL4H ; D AT 4R A9HERTEL B,

Fig 3 Downregulation of TRAF6 on SPC-A-1 cell apoptosis. A: not-
transfected group; B: control siRNA group; C: TRAF6 siRNA group; D:

the relative content of apoptotic cells.

B 4 TETRAF6RIER IAHMHISPC-A-140 RS
EREBEES. A XIREL BTranswell/hE
238 B FELEASPC-A-1HIR MM EL,

Fig 4 Downregulation of TRAF6 reduces
the migration and invasion capacity. A:
Scratch test and transwell chamber assay;
B: Number of invasive SPC-A-1 cells in the

three groups.

B 5 TIETRAF6RILRAIUHNIHISPC-A-140/1CD24. CXCRAEERIL, 1: FAIEXS
B& ;2 :BATEXTEE ; 3 TRAF6 siRNA,

Fig 5 Downregulation of TRAF6 decrease CD24 and CXCR4 expression
in SPC-A-1 cells. Line 1: negative control; Line 2: control siRNA; Line 3:
TRAF6 siRNA.
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W A 738 i TRAF6 siRNA%L YL Calu-341 it T J8 TRAF63R
ik, WEEXT Calu-340 M FNF-«BIEPE . AR T 2t A
B . AHMESEI . IERE MR ZERE SIS, BESRAS R R
TRAF633A N IR %F Calu-340 Il bk FA Sk A 277 A 5
e (PR SR ) o

3 it

H i e . SET- R B FEET, ChE&F
WM Z T, AR, NSCLCHISE Gy 7 IUE T 58
MR e, DRI, S8 A D0 SRS 9 4 1R 0 SR
ITRARME IR A R IR Z — IHAWESE & BLTRAFG L[ 7
NSCLCH W41, FIREJENSCLCHY— KB, [t
AHIFGE FELEE X TRAF6 KL R fENSCLC A A 2% R i
YERHATIESR, #F— LR R TRAF6/E I NSCLCIITTETR
ST s AT REME

AW T AS49 . H1650, Calu-31J K SPC-A-1%5
ARR M AR, TE4RRAE LRk, Calu-3 J2SPC-A-141
I TRAF6 2K [ X mRNAFH XS =5 261k, 17 FLiX P R 200 ff ik
TRAF6YiH i K631 i H Bz 4k ik, [H{UfESPC-A-1
Y AR 5% BINF-xBL BTG AL o FRATTHE— 20 38 2o A e
TRAF6 siRNA | A TRAF6 1A, WMELHSpe-A- 141 Tk NF-xB
TEPE TR L e AN T DL AR 2 1 B SRR,
XBEAfF 5T 25 T4 R TRAF6 1] R 10 NF-xBi& 142 5 ififi 1
T 1RZEFRE . —SAH I SCHR L /8 TRAFGLE I &
A R SR R I T R, FRIEEE PMA S R
TRAF6 ] LG5 AR IE S N F-1a ( hypoxia inducible factor
la, HIF-1a ) & FIFXF L TRe3E N Z Rz Kb
Wi, BHIE THIF-1af[AF, FEOZEOEAEN R,
AT 328 e 0l A8 ) 2B AR AR . Ja 8, FEASIR] b
IR h, BFST R TRARGT] (Lot g™ | 1242
FEREUOM | anpE T

H T iR T A TRAFGHEHESPC-A- LA LA T A
KRR AN MRS 42 22 8 1 (A A E AL, FeATii A 1
MMP-1, MMP-2, MMP-9, Twist, TIMP-2, Slug, CD24
DL} CXCRAFGFER 1IN FRIE (X Le 8 (¥ 4 g Tl 4
MLE R (228 OGS ) . RIL T A TRAF6R 1A W] 1
T FELCD24 L CXCR4ZE [13R15 . — A58 KIWINF-xBf
TN LIl 2 5 5 15 CD24F1 CXCRA[) FRIA ML S
FAIAT-, ik, FIMTRAF6FIAA il AT NE-
xB-CD24/CXCRA{5 S Hle A A i 1= A= 5 mm , (HAT 5 i
—HUESE, AR AR FIBLEIAT A it — 20 B

TRAF6TESPC-A-14IIR T . TR 78555 T RE AL
AEEVER, (HTRAF6E 752X BEFRAY () I HEAZ 0 5
WA FEE— IR ABIIE . Ko AR B IG RAFF 5T 2 «
— ANATEE R AT B R B AR A D
A SO TR RUKOF B A S sls, andk 28
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