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HE By A5 % 358 B F a(tumor necrosis factor-alpha, TNF-o ) 72 3E /) 4m &L At 3% (non-small cell lung cancer, NSCLC) # % NF-
kB/PXR 4% 5 i % #= & SUMO 4% (small ubiquitin-like modifier, SUMO) #4455 A 345 M, Fik: BARAEF MW Lk mie 2
BEAS-2B #o Ak /> tm LBl & am i % AS49, 2 WG AF 2l At % b Ae A A E LB MY 9% 3R 58 B -F o (recombinant human tumor necrosis fac-
tor-alpha, thTNF-), K A 5% B % 5% 2 & PCR(qRT-PCR) 77 i 4] 4% % 2 B -F -«B (nuclear transcription factor-«B, NF-kB), &4z X
% 4k (Pregnane X receptor, PXR)#= % 2w 25 2 B -1(multidrug resistance-1, MDR-1) A & @&, 35 SENP1,SENP2 #= SENP3 £ A %4
SUMO # 7 14 %& & 85 (SUMO-specific proteases, SENPs)#4 mRNA 7K -F 45 % 4k ; & J 2w i %, 95 20 22 AL 3 3¢ &, 69 7 ik o 4E NF-kB.
PXR #= SENP1 £ % G /K-F 45 % 4e; KA Western blot 7 ik B #i1 NF-xB 09 R A A K, HR: AR ET A4 minz 5
BEAS-2B Za s % ¥ NF-kB ik K-F £ F K%t 3 & 5L (P=0.745); /e N TNF-o %55 , A549 2m it % #= BEAS-2B #mfitL % + NF-xB
# mRNA Fo & & K F VL BB B2 1L NF-kB & ik K -FF & ,A549 2 i % + #9 NF-kB B B d2 & NF-kB A X K- FHHEZH T
BEAS-2B #zmfie. % (P<0.05), A #h kA T ,A549 zmfie % + PXR MDR-1 % SENP1 ¢4 % ik 80 2 % T BEAS-2B 45 jitL % ,SENP2 &
SENP3 # ik ¥ %.4& T BEAS-2B % i % (P<0.05); TNF-a #% % /5 , A549 Za it % PXR . MDR-1 SENP1 SENP2 #= SENP3 #) £ ik ¥
FAk,, 12 BEAS-2B 40t % ' vA_E 3547 £ ik 39 91 %(P<0.05), &5t : £ 52 B -F TNF-a 7T 2§ NSCLC %t % F NF-«B %4 L,
PXR MDR-1,SENP1 SENP2 #f= SENP3 &) % ik Fifl, 4% & TNF-a 7T #ti# id NF-kB/PXR Xy @834 K5 MP g ey X A 42, 5F B, %
SUMO 44645 7T e A 5 TNF-ou #F NF-kB/PXR i %69 8324 A

82T 4k /) m B % ; TNF-o; NF-kB; PXR; 3 SUMO 4&
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ABSTRACT Objective: To explore the regulation of TNF-a  (tumor necrosis factor-alpha) on NF-kB/PXR signaling pathway and
deSUMOylation modulation in non-small cell lung cancer. Methods: Human normal lung epithelial BEAS-2B cell line and human
non-small cell lung cancer A549 cell line were used to investigate the changes in mRNA of NF-kB (nuclear transcription factor-kB),
PXR (Pregnane X receptor), MDR-1 (multidrug resistance-1) and deSUMOylation enzymes including SENP1, SENP2, and SENP3 in
recombinant human TNF-a (thTNF-a)-induced NSCLC A549 and BEAS-2B cell line by quantitative RT-PCR (qRT-PCR). Cellular
immunochemical staining was used to verify the changes in protein levels of NF-kB, PXR and SENP1. Changes of phosphorylated
NF-kB were detected by Western blot. Results: The baseline expression of NF-kB mRNA was similar in both A549 cell line and control
(P=0.745). Increased expression of NF-kB in mRNA and protein levels as well as phosphorylated NF-kB after TNF-a treatment was
found in A549 cell line and normal control. However, the expression in A549 cells was significantly higher than BEAS-2B cells (P<0.05).
The baseline expression of PXR, MDR-1 and SENPI is higher in A549 cells, but the expression of SENP2 and SENP3 was much lower
compared to BEAS-2B cells (P<0.05). The TNF-« treatment decreased the expression of PXR, MDR-1, SENP1, SENP2 and SENP3 in
A549 cells, but increased the expression in BEAS-2B cells  (P<0.05). Conclusions: TNF-« is involved in the contribution of NF-kB/PXR
signaling pathway to carcinogenesis in NSCLC cell line. In addition, de-SUMOylation may play a role in the regulation of TNF-a on
NF-«kB / PXR pathway.
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BE 1 pRbAn ik

SR TUAAE SR /N At il 98 NSCLO) R IR 97 2 42 L
BT HEE (B R 5 4E AR (over-all survival, OSY{JISRTRAIL
PRI, ST SR IL TR, A g 1) 35 577 BT 97 B A v L B
TR 28 G BE , BRRR 2 (1) UE 8 3 IS M IR e 9 e (R 76 4
T Y R AR FUR SR P 2 R O EE AV E A, o B A
T -kB(NF-kB) 2 2 PEAMEM: RREE S G S FENTT, S5
NSCLC fy &4 , I H AT fig S5l A UG A 62,

TR SAE 5 T 1Y NF-B/PXR {5538 B AE e B f £ 24
i 245 p 2 #E EEEAE Y, R TNF-a 3% 4l /2 18 (inter-
leukin-1 beta, IL-18) AR [RIAYFLARE ANM 5 , NF-«B 9751k
L} PXR ABCG2 Rk ¥, JiHEH NF-«kB 5 PXR K
HE 1) 25 QI A CYP3AT1 mRNA FZE /K- 3Rk B2
IO JARE % (inflammatory bowel disease, IBD)J&45 5 17
Jii (colorectal cancer, CRC) & A= A& XU [ Z . Deuring Z53FHH
PXR I NF-«B (171 [m] 845 £ A1, PXR Hil i B4 T IBD Al
i NF-xB 1366 7, #&1i, NF-«B/PXR {55 i# f7F NSCLC
FP A RE A R AR AL i A B

WEAFFE rh 26 8] SUMO 1k / 25 SUMO ALAE 58 E S o H
JaF% PXR il NF-kB {5538 1) B2 B 5 BN, fEARIF9E
e, AR T AS49 4ii g F h TNF-o 3755 9008 SO 5350
PXR NF-B 3 SUMO 1k it (SENPs, SENP1 SENP 2 SENP 3)
LA KRR AL NF-kB IYRIBEE . oh, ATERFSE T PXR 1Y
HEFEPN MDR-1 IR, LUHRR & BV AR AR 68 E & A 38 I
I LU T NSCLC BT RIHFTHE A

1.1 #r#

NAE/NA AT R A M 2R (AS549) I IE # il _b B 20 5=
(BEAS-2B) Il H I Procell 23 7l ;1640 153730 H 55 [E Hy-
clone 23] ; R4 ILE WA A LLE3 BT /A ] ; HZL A TNF-a(rhT-
NF-o)Ilg 5T Sino Biological /A &l , i % i & B H A
TaKaRa 2% &) ; P& [ 3% [E abcam A 7] ; JCHT 562 # PCR
{X#RMA [ Bt Roche 247,

12 i

12.1 4Pt fngbi®  AS549 Fl BEAS-2B 4I7E &4 10 %
fa- 17 (FBS) 9 RPMI-1640 353 h A K, BFEH 5%
C0,.37 'C .95 %I J iy K5 IRl vh B 95 o M4 A 1 BRI
70 %-80 %ltsf, A 0.25 Yokt AT b LB dkse it

122 KR4 PIRPAIREAS B 5 0PI, — 2 A M fE o X i
HIEW RS, 9—HMEMA 10 ng/mL FEH A TNF-a(thT-
NF-o)/5 $E[Fl$535 12 h,

123 RNA REVFISCRIE = PCR  KE855% 12 h J (1 40 fifd fiff
JH PureLink RNA Mini Kit 73 22 B RNA, i i NanoDrop
2000 43566 R X B RNA Ak BF A4l B oe A7l e o (8 A
TaKaRa PrimeScriptTM RT 7] & 5% 58 4 RNA & 1l cDNA,
FFE8 2= DNA 357 DL BR K 4 DNA J54%, {#i ] Chimera
TBGreen PCR Kit #5737 LightCycler® 96 System PCR {¥ i
A48, RV AR 95 "C15 min, Bfif5 94 "C155s,55 C30's
172 °C30 s 3k 40 MR, Lk i 2 BT 56 TE PCR (194
RIS, A 202 ik TR S R A A 63k K-, PCR 5
WIPHINE 1,

1 51955

Table 1 Primer sequence

Name Forward primers5'-3' Reverse primers5'-3'

B-actin CACTCTTCCAGCCTTCCTTC GTACAGGTCTTTGCGGATGT
NF-«B GTGGGGACTACGACCTGAATG GGGGCACGATTGTCAAAGATG
SENP1 GACTTGAAATGGATGATATTGCTGA TCGCCTGAGCCAAGAAAACT
SENP2 TGACAGTTACCCGAGATCAGC ACCTGGTCTTCTATTACAGCCTT
SENP3 GGATGCTGCTCTACTCAAAAAGC GGGAGTCAAAACGACAACAGG

PXR AGCAATTCGCCATTACTCTCAAGT CTGGGTGCTGAGCATTGA

MDR-1 GGGAGCTTAACACCCGACTTA GCCAAAATCACAAGGGTTAGCTT

124 Wt 0100 DA FN T3 -L- M2 Rt o
MBI S B R EXT AT R R SR A S  BILL TR,
FHBERRER 22 vhER K (PBS) K A B Fe e Ve 4% 3 IR IFH 4 %2 B
IR 5 30 min, ] 0.1 %Triton X-100 & &40 MBS , K
ML S 3 £ 15 min, JF5—HidE 4 CTRE AR, —
Yt 2 F5 NF-kB (1:300; Abcam,ab16502), PXR (1:100; Abcam,
ab85451)F SENP1(1:200; Abcam,abl108981). BhJ5 , ¥ 4Hfa 5
APIZFEARI I PR BT (UltraSensitive SP Kit, v 48 H)1E
37 CR#EE 30 min, & YL 5 o ) W0 RS . E A
RS ABLAY Leica G2 WAMBER R e e A EMR . ] Im-
age pro plus 6.0 H47HE H BT RIA M2 BT

1.2.5 Western blot  H§357% 12 h J5 FANMEIREE)S , 2L rbom
N 2L v PMSF | 25 110 57 | B 79 16 00 0 700 45 Tl 25
OPRIBUREE 1, 3 FURE L EA T BES F UK J5 2 11 74 1) PVDF i
., M5 A —¥i NF-«B (phospho S$536)(1:500; Abcam,
Ab76302)4 CHEE I, —HilFE 2 h )5, ECL A3t
IR, [ image T %45 SR IEAT 00T o
1.3 SitZEaHn

{#i F SPSS 20.0 (SPSS Inc., Chicago, IL, USA), GraphPad
Prism(La Jolla, CA, USA),Image pro plus 6.0 Fl image J X} 504
FHEHAT ST o3 HT. TH BORM L] L BCR T ¢ 425, L P<0.
05 FmEFA T FE L.
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2 5R

2.1 TNF-o #55 BEAS-2B #1 A549 #fifi % th NF-xB R BEER{L
NF-xB &i& Liff

NSCLC 41 ffi & fu #§ A549,NCI-H358,HCC827,
NCI-H1650 FI NCI-H1299 ZFh4IA A , Ifi A549 41} & # PXR
) mRNA FIEE ARk i s B, AWF90% T AS49 4 R 4E
FFFERTRIATIISE ¥ BEAS-2B 411l £ FIVE B MR R , #F5%
R IR . FEHRIPIRAT ,BEAS-2B il A549 4 il NF-«B [

mRNA FKiA2E 57 TG 5 L (K 1a, P=0.745), Tk, A
JH TNF-ou Xt M4 Ak B 308 3o S A 2 S 2 &5t PCR Xt NF-kB
i) mRNA FIEHEATAN . S50 R IR & Hh NF-«B 92
A EH2E A SR L(E a, t}656, P<0.05), 3 B 1E % 4
TRLHAH LG, AS49 400 2 P NF-kB (58 hnsE Wl 5 40t
PEAL A G A IESE T AS49 R NF-kB i 8 1R 57K
FHES (K 1b, ¢, # 2,t K%, P=0.005), Western blot 445 & /5%
TNF-o {715 PR A0 P B4R 1L NE-B 1 25 11 3R IA 88
ZESFAGETAE (A 1d, K5, P<0.001)
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Fig.1 Comparison of NF-kB and p-NF-kB expression in A549 and BEAS-2B cells
Note: The morphology of A549 cells(100x )(Fig. b,c)
The relative expression of NF-kB after TNF treatment for 12h in A549 and BEAS-2B,
***p<(0.001, **P<0.01, *P<0.05.

3R 2 NF-kB 7£ A549 #1 A549/TNF 2R R B RIXH R
Table 2 Expression of NF-kB in A549 and A549 / TNF cells

Groups IOD/Area t value P value
A549 0.3007 0.0122
A549/TNF 0.3627+ 0.0154 -5.460 0.005
Note: mean optical density=10D/Area.
2.2 A549 70 BEAS -2B 4l & &1 PXR #1% SUMO {LEERIR  SENP3 AYFIAHA WAL T X B4 (/] 2a, P<0.05). TNF-a 4bHJ5

EER
SEI PO E e PCR KGN S5 R 7R« 7ERERIPIRAS T, AS49
i s Z Hh PXR I SENP1 RIKH 2 i TS IR4L, 1 SENP2 il

A549 i Z 7 PXR,SENP1,SENP2 F1 SENP3 mRNA ik B
BREML (K 2b,t K550, P<0.05). AHSZ, 7EXTHRZ PXR FI
SENPs {1321k B B 7+ (B 2¢, P<0.05), A549 il & 1 PXR Fl
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SENP1 .SENP2 1 SENP3 [ 335 K AL FX R4 (B 2d,P<  P<0.05),%f i of PXR 1 SENP1 935500 B Fh e, Wi A e
0.05). It et 2E g (a4 Feth 2] TNF-o AbFR)S , AS49 4 SRS U 3, 4, P<0.05),
fifa = PXR Fil SENP1 (1) Rk ] B FER(E 2 ¢, f, g, h, 3% 3, 4,

a < BEAS28 b 2 1 AS49
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Fig.2 Comparison of PXR, SENP1, SENP2, and SENP3 expression in A549 and BEAS-2B cells
Note: The morphology of A549 cells(100x)(Fig e, f, g, h)
The relative expression of PXR, SENP1, SENP2, and SENP3 after TNF treatment for 12h in A549 and BEAS-2B,
***p<(.001, **P<0.01.

% 3 TNF {EFIBI/E A549 0 BEAS-2B 4iffish SENP1 RiA (&R
Table 3 SENP1 expression in A549 and BEAS-2B cells before and after TNF treatment

Groups 10D/Area t value P value
A549 0.3625+ 0.0132

AS549/TNF 0.3234% 0.0057 4.721 0.009
BEAS-2B 0.2938+ 0.0083

BEAS-2B/TNF 0.3737+ 0.0126 -9.180 0.001

Note: mean optical density= I0D/Area.

2.3 TNF-a 4032 /5 MDR-1 FiZHTX 5 PXR T —2 3
SR E B PCR 255 IR« FAEFERRIRE T , AS49 4l

Z it MDR-1 ByRIAE FXHBLL, i M LA S 243 (A 3, 5 3 HH S RE BB B AH 5 4 i 308 K A 12 98 0 A DG 1 ek

t Ky, P<0.05), TNF-a ZbHHJS , AS49 4iffi 2 f MDR-1 ik R SR AR R Rt 25 i A o B 2/ FIY. TNF-o ] UG i

W AHAEIE 8 % R4 b 325k FH, 3 —A8 k5 PXR kKT S5 EMMIE M &AL 45 W 5% B M4 s 36 g

Pl BB (& 3,t K, P<0.01), TNF-o /K- 58 35 15 388 AR, 25T R, TNF-o i@ 33 3%
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& 4 TNF {EFBIfG A549 #1 BEAS-2B 4HAf PXR RiL[FR
Table 4 PXR expression in A549 and BEAS-2B cells before and after TNF treatment

Groups 10D/Area t value P value
A549 0.3422+ 0.0129
AS49/TNF 0.2766% 0,0126 -6.263 0.003
BEAS-2B 0.2403% 0.0188
BEAS-2B/TNF 0.2859+ 0.0083 -4.584 0.01

Note: mean optical density= I0D/Area.

MDR1
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[=] *
= 15 r 1
15}
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no treatment TNF treatment
& 3 A549 5 BEAS-2B #fiffifh MDR-1 ByFRiX L%

Fig.3 Comparison of MDR-1 expression in A549 and BEAS-2B cells
Note: The relative expression of MDR-1 after TNF treatment for 12h in
A549 and BEAS-2B,

**p<0.01, *P<0.05.

1% NF-«B {55l BAE3E T 45 57 4R ) 45 H I R T, RAE
KA 280 )y 204 NF-kB/PXR (5 il % . I HAAER
F T AR AP 4 IkB 25 1 A NF-xB [9f# 2, 37% NF-«B [1]
R B ZE  JETTE f0 4% PXR %A PR % & (chimeric anti-
gen receptor , CAR)Fl7%: JE lik X 3% {&(farnesoid X receptor, FXR)
TEN B LR Z AR 10 4 M, BB 4 NF-B 35 T PXR-RXR 5
¥ DNA JPFISE A, HAH] T PXR R FE R AR 0215, 55
—7J5 T, PXR AT L% NF-«B (G5 DEetss, $iR 2518
A EE PXR (55 LIAMH] NF-«B Fiz , \sss 1 #7 R R
FH(DSS)IFEF 1/ BREE A R B SAEN SR, SAE R B L
P21 NF-kB/PXR {551 S0 A6 =1/ N A L it P s k2 R e
KTt 2 VR i R B A

PXR ZHUJLEZRZIEM LR, FFEA N s o fe
1§ 1 (activation function-1, AF-1), {R5FAIEEFE A DNA 455 5
(DNA binding domain, DBD) I C 3 it {4 %% 45 15{, (ligand binding
domain, LBD)ZH (2L R 25 #3a1, PXR 78 A\ S Jhie i 22 3%
5 AERT R FLARIES RN B R Th Rk T 7RSS B
E U B AL O SRR T, AR T
NSCLC A4 PXR AYFIATH R , I Hrn H 5 s i 25 &2 &
KL A W5 R WITE NSCLC A549 4ififg & rpa] DL i 5% PXR
HZE kK [ P- B8 19 (P-glycoprotein, P-gp ) Fl CYP2CS ()%
IRHETS AR AP . AP 384T siRNA )] PXR
FIR ] A G B A EAZ AT Y, AR AR S AZ B A i
2GR, ARRIFSE T, #E TNF-a £bFE 2 J5 ,PXR Al MDR-1 33k
15 AS49 20 2 Hh i 25 IR R 1E W 2 0 R rh sl B 4R
HZ 5T NSCLC g i) & B KA 25 . FeAT1& 3 NF-kB (1)
RS NSCLC i PXR [3RI5 IR 5 Z BT 4s

S, IBD F1 54 B [ (crohn's disease, CD) % 48 1Y 518 21
ZUrP JRAEXS PXR BE 7 A= 1 SOV, ©A B )
TNF-o FiI IL-18 755 T FL A A0 i FLLE & 40 i 7 NF-«B . PXR
1 ABCG2 Kk —BUB e, (HIATHIAT 5 % B TNF-o 20 2R
J& A549 4y Z FIX REZH P PXR Y Fk A B, FRA T3
TNF-o £ NSCLC #f Il FI1E 40 g b %f T NF-«B/ PXR 34211
YR Rl 2257, #E— PP s/l g NSCLC i &
JRARAHT 1 735 A= W e A

SUMO J&iZ A FI IR/ N2 IR, SUMO fLig s iy
Kot id =R v S8 SUMO & 1 5 R LM 45 42,
SUMO &2 s i1, vy LUl 2 SUMO b B , ik
Ty SENP (L & A= i (RHKP. SUMO {8 i J&: PXR A=)
TR T2 R B HP, TNF-o 355 PXR () SUMO f ]
A B AU A1 38 P A 4G NF-kB 78 PN A 98 i JE R Y ek 2
BT IRF SR W], PXR ) SUMO b4 24 H.52 Z WAL s . 16
PXR Z LB 5 R, &4 T PXR IS AL AOB L A1
2, E2 2541 UBChY i SUMO L% PXRP, 4K, 1 G
EAEUESHIEY] SUMO L& /e NSCLC () NF-kB/PXR 42
AP RE . FATHY K LR, TNF-a [ AS49 4l & vh
SENPs ({235 , 11T I H AR TE 5 4 h i 3%, IX R W] SUMO
ABHTE PXR A5 05 R % Sl vh A e, B0
BEE— 3 IS AR SENPs Xt PXR 5 A 5% % 16 Pk 14 52
Wiy, A Kz SENPs Je:ifiid 5 PXR ) SUMO A (I id 2 L8 45
e PXR TGP o

B, BATH LRI, 78 AS49 A & b TNF-o 1 LA
F NF-kB Nl Al NF-«B ik b, [A] 0] PXR 19235
FeskIhne, RAEH T X T NF-«B/ PXR il #7E NSCLC 4iifig 5
IEH AN P AATEAR RIR IR BLE . I H., 2 SUMO fLEHin] fig
255 TNF-a %} NF-«B/PXR il iz E H. (HEAAR 1R
AT Z L TORIRE
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