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E 1z X § AR E Tkappa BigBe T K epsilon 474 7 (IKBKE) 2 % =T 18 i 3 Hippo-
Yes#f & & & (YAP)I2 5 il 55 R % v MR IR S0 3G A . i B AeiZ 2. W EMIRR ML AR 5L, %
FE LA M IKBKEA A F L, oA HRE KT 5 &EH s RRIEAIEA) K Z . qQRT-PCRAZ M MEAR
F% LR A IR fa P IKBKER R 64 & GA KT 5 35 MR SW199048 i A control 42, si-NC
28, si-IKBKEZE. si-IKBKE+TDI-011536(Hippo-YAP/Z 5 i #4374 7] )28, VerteporfinZE (Hippo-YAP
13 5 18 B E 7 ); QRT-PCRAZ M &40 2m et F IKBKEA B & A K- ; MTTik. EdUZ AN 4m oL 38 74
Fr ol 4 AR Jo 52 3o AR ) 2m il 32 4% M J1 ; TranswellA&) 2m o4z 245 51 ; A X e fe RS ) 4m e B o= &
Western blott& ] £m i, E-45 45 % & (E-cadherin). N-%5%5% & (N-cadherin). %7 %& # (vimentin). +7
BRI R & @ B-3(cleaved caspase-3). ¥4 74 fa Az 4L/ (PCNA). IKBKE. YAP. TAZ. p-YAP. p-TAZ.
TEA% #3845 X B T 2(TEAD2). B&R B & & B XK (Ax]). c-myc. BARE @25 -2(Bcl-2). Bel-2
#8% X% @ (Bax)#) R A K-F. IKBKEEMMEAE 2027 F & R GA, B RGA K 5 IPIG K R B 4645
MMEAZE 2 EAD A (P<0.05). 5MIRFE LR mieAnrt, JUR MR 4 e IKBKE mRNA & A /K-
HH 5 (P<0.05); 5 control 28 Fnsi-NCLEAH bb, si-IKBKEZA F= VerteporfinZL SW 199028 LD o0 {8 . 3§78 5 |
KRR A% 5 o3 £ 4%, vimentin. N-cadherin. PCNA. Bcl-2. YAP. TAZ. TEAD2. Axl. c-myc
&8 R ILKF T &, cleaved caspase-3. E-cadherin. Bax. p-TAZ. p-YAPZE € & ik K-F BB = F
¥ Hm (P<0.05), si-IKBKEZL IKBKE mRNAA= IKBKE& & & 1% K-F 41K (P<0.05), VerteporfinZll IKBKE
mRNAF= IKBKE® & & X £ F L4t 5 & X (P>0.05); 5 si-IKBKEZEA8 b, si-IKBKE+TDI-01153648
SW1990%m /it Duoofl . 3§78 % . fmfefR 540, X|JRA4E F = vimentin. N-cadherin. PCNA. Bcl-2.
YAP. TAZ. TEAD2. Axl. c-mycZ& & & ik /K-F-3& /n, cleaved caspase-3. E-cadherin. Bax. p-TAZ. p-YAP
& 6 AP Fo T F T B (P<0.05), IKBKE& X £ 5 K463 3 & L (P>0.05), VerteporfinZi IKBKE
mRNAZF IKBKE% & & A L (P<0.05), HA& 8478 L4t 5 & 3L (P>0.05). TR IKBKEA AT #8
i@ if_FIfHippo-YAP/E 5 i@ & KM A iR e9 12 R . B A8 78 48
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Abstract This study aims to investigate whether /KBKE (inhibitor of nuclear factor kappa B kinase sub-
unit epsilon) can regulate Hippo-YAP (Yes-associated protein) signaling pathway to affect the proliferation, mi-
gration and invasion of pancreatic cancer cells. Pancreatic cancer and paracancer tissues were collected, IKBKE
expression was detected by immunohistochemistry, and the relationship between IKBKE expression and clinico-
pathological features of patients was analyzed. The expression of /[KBKE gene in pancreatic duct epithelial cells
and pancreatic cancer cells was detected by qRT-PCR. Pancreatic cancer SW1990 cells were grouped into control
group, si-NC group, si-IKBKE group, si-IKBKE+TDI-011536 (Hippo-YAP signaling pathway inhibitor) group,
and Verteporfin group (Hippo-YAP signaling pathway activator). gqRT-PCR was used to detect the expression level
of IKBKE mRNA in each group. MTT assay and EdU staining were used to detect cell proliferation. Cell scratch
assay was used to detect cell migration. Transwell was used to detect cell invasion. Flow cytometry was used to
detect the apoptosis rate of cells. The expression levels of E-cadherin, N-cadherin, vimentin, cleaved caspase-3,
PCNA (proliferating cell nuclear antigen), IKBKE, YAP, TAZ, p-YAP, p-TAZ, TEAD2 (TEA domain transcription
factor 2), Axl (tyrosine protein kinase receptor), c-myc, Bcl-2 (B-cell lymphoblastoma-2), Bax (Bcl-2 associated X
protein) proteins in cells were detected by Western blot. IKBKE was highly expressed in pancreatic cancer tissues,
and its expression was positively correlated with tumor diameter, lymph node metastasis and differentiated status
(P<0.05). Compared with pancreatic duct epithelial cells, the expression of IKBKE mRNA in several pancreatic
cancer cells increased (P<0.05). Compared with the control group and si-NC group, the Dy (24 h, 48 h) values of
SW1990 cells, proliferation rate, scratch healing rate, the number of cell invasions, and the expression levels of N-
cadherin, vimentin, PCNA, Bcl-2, YAP, TAZ, TEAD2, Axl, and c-myc proteins were decreased in the si-IKBKE
group and Verteporfin group, the apoptosis rate, and the expression levels of E-cadherin, cleaved caspase-3, Bax, p-
YAP, and p-TAZ proteins were increased (P<0.05), the expression of /JKBKE mRNA and IKBKE protein in the si-
IKBKE group decreased (P<0.05), while there was no statistically significant difference in the expression of /[KBKE
mRNA and IKBKE protein in the Verteporfin group (P>0.05). Compared with the si-IKBKE group, the Dag (24 h,
48 h) values of SW1990 cells, proliferation rate, scratch healing rate, the number of cell invasions, and the expres-
sion levels of N-cadherin, vimentin, PCNA, Bcl-2, YAP, TAZ, TEAD2, Axl, and c-myc proteins were increased in
the si-IKBKE+TDI-011536 group, the apoptosis rate, and the expression levels of E-cadherin, cleaved caspase-3,
Bax, p-YAP, and p-TAZ proteins were reduced (P<0.05), the expression of IKBKE protein showed no statistical
significance (P>0.05), the expression levels of /JKBKE mRNA and IKBKE protein in SW1990 cells of Verteporfin
group were increased (P<0.05), the other indexes were not statistically significant (P>0.05). Downregulation of /K-
BKE expression may decrease the invasion, migration and proliferation of pancreatic cancer cells by up-regulating
Hippo-YAP signaling pathway.

Keywords  /KBKE; Hippo-YAP signaling pathway; pancreatic cancer; proliferation; migration; invasion
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Y11 o 256 % I IKBKE W] (i ik Jik e 4 4 5 . 1T %
FZ 280, T BR IKBK EZ 1 ] 41| 16 Joa BF 4 i yeg A=
KA A Y. IKBKE T ATE 3k g 4 v vk, (H L
EARPAEALH] A B . Hippo-Yes#H %< £ F(Yes-
associated protein, YAP){5 5 i % & — 5% 22 2 R
RIEER , YAPJZ Hippofs 5 il i 1) 5 2 A0S K -,
B A PDZ45 G FE e 1) e 5% 3L W0 Al F- (transcriptional
co-activator with PDZ-binding motif, TAZ)/& YAPH]
THE S 1, WECRIR, B0 Hippoid i nT 471 i
Wi b B (8] Jii ¥ 4k (epithelial-mesenchymal transi-
tion, EMT), fEHEZH I 1M, HE4RIE , IKBKEH]
7 CYT38TAEAR NI P Hippodd i il i o RE2
Ji g8 v 3k g HL R AR IKBKE W] FV ) i 1) Jit e 1 5
AR, FFidd Hippoit % BB ER 32 K- T,
IKBKE 75 v] Il i 521 Hippo- YAPAS 5 1 i K 521
JR M A i R T ANIE HE WO SCER B IKBKE Y
JoR e A T A . 35 S M AR ) AT NI R
Fitt— 2543 #r H S5 Hippo-YAP(S ‘Sl M FI/EH % &

1 MR575E%

1.1 #%

111 2HZ0E MA20204E6 H 1 H 220244E6 4 1
HAET & 1 N B2 Be 2 32 IR T AR V) R 1 R Hh 3R
1377 6305 N\ JR A 4L S VRN L e 55 20 41, WAL g
Jiss R I R B B k), B AR PR R AL E
SRR IR/ RS E AL AL FE RS L
ARG NAARHER: V1L NIHRAR S48 e,
18 1 IR G JEI X B B S B 5 oM E O
Bk FFAEECE Dhae 4. i & i N R B RA 7t
W EEZE Gl HifE 1 IX U 9T, # S 2020[041]. A
H R F B G R A

1.1.2 Z=¥mie NIEW R S E E R4
HPNEFI A\ AR 40 PANC-1. SW1990. AsPC-1.
BxPC-33404 [ il o “E WA R A IR A ]

1.13 £Z4X#  Hippo-YAP(S 5 il i #1117 TDI-
01153641 Hippo- YAP/5 5 il B& % 77| Verteporfin)i)
H & E MCEA ] ; si-NCHI si-IKBKEJF AL [ | iff
HLEREZRH AR AR BCARKFIE . qRT-
PCRIA 7 & At RNA$E BT & W B AL i 1 5
BAMRHEAR AT ; MTTiRA& . Transwell/h =
R B 0 T A I KR S R 4 A A R
ARABRAF] ; E-45% 8 H (E-cadherin). N-£53 85

(N-cadherin). ¥JE 8 H (vimentin). YIHE BBt K &
H i -3(cleaved caspase-3). 54N A% P (prolif-
erating cell nuclear antigen, PCNA). IKBKE. YAP.
TAZ. p-YAP. p-TAZ. TEAZ:HJIRFE 54K T 2(TEA
domain transcription factor 2, TEAD2). &% R &
1 ¥ 52 1 (tyrosine protein kinase receptor, Axl).
c-myc. BilfkE24Hfig)& -2(B-cell lymphoma-2, Bcl-2).
Bel-24H5¢ X8 M (Bel-2 associated X protein, Bax).
B-actinBi 444 B 5 [E Abcam/A 7] ; FlexStationZ I fE
BRI B Ei R TASS A R A F 5 SLan-96S
PRI EPCRIVLH A AR AR A H .

1.2 LWH*E

1.2.1 %95 2846 (IHC)# M| IKBKE & 34 5 5L i
JiR e 4H SURN e 55 A 2 4% 2 0% P I = R 8 E
6 £ B K5 (70%—80%—90%—95%—100%) i
K, G . AR AL S0 A B B R R
(100%—95%—85%—70%)F7/K{t. V) H IKBKE—
P (1:250)H1 —Ht (1:500) 7 HIAE = iR FHFH 2 hHl 1 he
TSR N EEY) Gt G Ol . Y A4 B AR XM R
B ATIHCYFSr . THCIE A 7E0RI3Z AL, 04 1. 24
3N TG (5) FRYR (1) HRE G ().
SR ().

122 IKBKEX B Rk R HRNAFZEGRF
EERIURRR T b 20 MR s 2 PR RN, %
AR UL B ERAE . SR H RNAW #3559 cDNA, i
BRSSO - 42 °CIHE 5% 60 min, 72 °CKiETE S min,
4 °C#& bR B, e 7 PCR(GQRT-PCR)F 1 cDNA,
115 IKBKE mRNARAHX R IE & Q). Kb
€ EPCRIZ M54 95 CCHIAEMES min; 95 °CAE1430 s,
58 °CiE k30 s, 72 °CHEfHS min, 40MGFF. IKBKET|
¥): IE[7 5-TGC GTG CAG AAG TAT CAA GC-3', Jx
[f]5'-TAC AGG CAG CCA CAG AAC AG-3"; GAPDH:
1E[A]5'-TGC CAT CAC CAT CTT CCA-3', J2 [f] 5'-CAT
CAC GCC ACA GTT TCC-3'.

123 @mfpidingnmas®  SWI9904E T&
1% 40 10%64 7% ) DMEME; 77 45, 737 °C.
5% COIG TR 175 AEXTHUH SW19904H i H 43
YL si-IKBKE#1(5-AGA UGA ACU UCA UCU
ACA A-3"). si-IKBKE#2(5-GGU GAA UUU CAG
UCA UUU A-3'). si-IKBKE#3(5'-CCA CAG ACA
GAA AGC AUA A-3") KB 14 X}/ si-NC(5'-ACG
UGA CAC GUU CGG AGA A-3"), i#iid qRT-PCRiZ:
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0l IKBKE mRNA 7KV DA i J& 4R 556 48 FH 1 si-
IKBKE. K Xf %0 SW 19904 /it 43 4 control4H (1E
Wi 9%). si-NCHL (¥ 4Lsi-NC). si-IKBKEZH (4% 4 si-
IKBKE). si-IKBKE+TDI-011536(%% J<si-IKBKE{] [F]
i} F 3 umol/LI¥) TDI-011536T- 7148 h®)4H. Verte-
porfin#.(5 pmol/L ] Verteporfin''*" 4t FE 48 h). 4y
5 EE i5 FH Lipofectamine 20007577 43 14 X 87 Joi s %
LB SW199041 il , 37 °C. 5% CO, F#57%48 hj5
BEAT J5 85256 . TDI-011536#1 Verteporfinif & Al
s 18] 8 225 SR [9- 11 RN Rl 351 791 S 56 45 SR
SE . KA qRT-PCRIZAG I IKBKE mRNAKF-, LA
H5E si-IKBKE R B 3e e, BTk 1.2.2.
124 MTT:#%. BAdUZ &xmmfesgsaty s 5
SW19904H g 424 T-48FLAR (5 10*1M/4L), 37 °C 5%
CO, FH:9%24 hJa, $41.2.30 T A FHAR i . Ak 4k
K224 hy 48 hJE &% 10 uL MTTY R, 4 h)5 i
150 uL DMSOEW, FHBEARCI 5E 490 nmik A ik
(IR EE (D)1 -

H1 SW 19904 - T-96FLB (1x10*4/L), 37 °C.
5% CO, FE:3724 hJg, #1.2.30 4 7B A0 PR, 4k 45
559748 h, ININEAU, 37 °Cii# & 2 h, A INDAPIZL(, 41
L, TmageJ PF o HTa I BH PR e 0 250 . 4 IG5
=[EdUBH P41 5 S 41 B % 100% .
1.2.5  XPEZ BN E et B g =
SW19904H A, -4 JH il R 40 Mo 29 (1<10°/> /mL),
BT 6L, FL2 mL, 3535 2 fh & L 24190%), H
JC B A Skoor 4 i JZ= AT RIIR, IR B, PBSYE
FANMEEE RIS, S 4T M iE RS 7R, 24 hjE 2K
JRTERE, THE AT RS % . AT Z=[(0 hIJE %
JF—24 hJ5 RIJR % FE)/0 h&IlJR % £ 1% 100%.
1.2.6  Transwell 52 350 & 2@ foAZ 22 1 AL PEAZIN]
1.2.3 40 B (1% - 2H 441 i FH G I 37 355 7 i E R, o 5x10°
AR AP B & FE IR 1Y Transwell = TN

Paracancer tissue

Low expression

TH600 pLog 4k 7%k, 37 °CHEHE 24 h)m, Y £
PR SR E, JFAE SR N A R e, T
#.
1.2.7 AX@BRNSAT @A HEHL  SWI19904H
Jfi ] Lipofectamine 200037154 4448 h/a, U AR 4H i,
A& & mikE R, A Annexin V-FITC5 PIAE =R
TWE A TR AR kAT AU Gt SR IR U LAY
BT T4 O b
1.2.8 Western bloti | & & & A 5L ¢ FHRIPA
ZRR RIS 2L SW 19902 fif. i B (15, K FIBCA
EX R AT E R, ¥ 20 pgt AN S Uk, B
JE, %= i E 12 hjs M % PiE-cadherin. N-cadherin.
vimentin. cleaved caspase-3. PCNA. IKBKE.
YAP. TAZ. p-YAP. p-TAZ. TEAD2. Axl. c-myc.
Bax. Bcl-2. B-actin—Ji(1:1 000), # K4 °Cid 1k, —
PU(1:5 000) = ¥ F2 h, ECL t4, HImage-Pro Plus
IMTEREKEME. EAMANEEKFUERNESS
NZHHAKEHZ LRI,
1.3 RitoHh

FT A Bl 25 LA S B AR HEZE (eks) s KR
Graphpad Prism 8.0. 15 2E47 Gt it 0 JFEAT AT
REHIE R FH R 78 56 20 A e 20 245 98 55 2 21
H IKBKEFR A % 53 LA J IKBKER A /K~ 55 e fl e
ST W R BRFAE A AR S . 20 41 JR) 22 S U AR
R ZTT 20047, 5 PP HLBAT SNK-g 56
P<0.05N75H Giit 8 Lo

2 HR
2.1 IKBKEZEBERREERPHIFRIA

G AL 45 R o~ IKBKETE B iR dE 2 R 1§
EHREAFREERRE (B D). M6 THCVE 755 R
FEHBU RFIE L (— +. +H)FERILH (++1).
R VTR, B P IKBKE R R IE KT 53 5

High expression

Fig.1 Immunohistochemical images of IKBKE in paracancer tissues and low and high expression groups of pancreatic cancer
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1 IKBKE7ERRBREHAREFZ HAPRIRIATR

Table 1 Expression of IKBKE in pancreatic and paracancer tissues

R IRFIEFEASL
Tissues Number of samples with

low expression

AR FE AR
Number of samples with P

2

high expression

Paracancer tissue 42 21

Pancreatic cancer tissue 27 36

7.208 0.007

2 IKBKEFERRARFEB AT IRIAS I RBIEFHER X R

Table 2 Relationship between IKBKE expression in pancreatic cancer tissue and clinicopathological features

I PR AR AIE ISYEIS IREIB AR [EESUN =S 4
Clinicopathological features Total number of Number of samples with low Number of samples with high ~ x* P
samples expression expression

Age (years)
<70 40 16 24 0.365 0.546
=70 23 11 12

Location
Head, neck 36 13 23 1.561 0.212
Body, tail 27 14 13

Sex
Male 48 23 25 1.329 0.249
Female 15 4 11

Tumor size
<3cm 31 18 13 5.763 0.016
>3 cm 32 9 23

Lymph node metastasis
No 42 22 20 4.667 0.031
Yes 21 5 16

Distant metastasis
No 53 23 30 0.040 0.842
Yes 10 4 6

Pathologic grade
Poor 28 7 21 6.563 0.010
Intermediate+high 35 20 15

T 55 4123 (P<0.05). #2557, IKBKETE iR 20
SR RIEAFEE MR RN KB iR
B S IEFA SR (P<0.05). BRULZ AL, &5 R EoRATE
SRS MR PR A el A R T T i 2
(P>0.05).
2.2 IKBKE mRNAZE iR B 2 40 B B9 A
Bl 257~ , Bl 40 il 5 PANC-1. SW1990.
AsPC-1. BxPC-3H1 IKBKE mRNAF L /KF & T
HPNEZH il (P<0.05). LAAE Ak f% I 2 1) SW19904
e SR T4
2.3 &LASW1990ZApHIKBKE mRNA Fik L3R
N7t — D€ IKBKE 5 3R 15 5 g i e K
R R, AW FERE T 3N AR TP siRNAT

PP B (si-IKBKE#1 . si-IKBKE#2. si-IKBKE#3)/E
SW 19904 iy 3£ 47 IKBKERAIK - qRT-PCRES R IR,
3/MsiRNATHE i8N i IKBKE mRNARIS, H
i si-IKBKE#1 1) T A4E w2, DALt si-IKBKE#1
P Tt — 2B 15, 5 2R si-IKBKE(K 3). 4
il L qRT-PCRAG I % 4141 il IKBKE mRNAZRIA
&, 48R oR ) si-IKBKEZL SW19904 il IKBKE
mRNAF L 7KK T control 41 Fl si-NCZH (P<0.05);
si-IKBKE+TDI-0115362HSW 199041 ffi/K BKE mRNA
FIEIKF- 5 si-IKBKEH % 57 L 401 245 L(P>0.05);
VerteporfinZ SW 199041 it IKBKE mRNA 35 /K -5
T si-IKBKEZH (P<0.05), AH#L T-control 40 2 = L4t it
2R (P>0.05)(13).
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Fig.2 IKBKE mRNA expression in pancreatic ductal epithelial cells and pancreatic cancer cells
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n=6; ¥*P<0.05, ScontrolZLH L; “P<0.05, 5si-NCAL#H LL; ¥P<0.05, Hsi-IKBKEZLAHLL .
n=6; *P<0.05 compared with control group; “P<0.05 compared with si-NC group; “P<0.05 compared with si-IKBKE group.
[El3 IKBKE mRNAZE&LHSWI19904HHIRIAE I
Fig.3 IKBKE mRNA expression in SW1990 cells of each group

2.4 FLASWI19904MAEIESE TR L4

MTTAH EAdUSEER 45 R B 7R, si-IKBKEZH Al
VerteporfinZl SW 199041 il Dyoo(24 h. 48 h){E Al
W5 AL T control 4L M1 si-NC4H (P<0.05); 5 si-
IKBKEZH AL, si-IKBKE+TDI-0115364H SW1990
Y Dago(24 h+ 48 h)fE FIIEHE R T}, Verteporfin
2H SW 19904 il D oo fEL NG 5 56 22 R L At =
X(P>0.05)(El4).
2.5 FASWI19904HAT AR ZERE SILLER

IR 9256 Transwell /N % 256 25 B IR, si-IK-
BKEZH Al VerteporfinZl SW 199041 g kIR & & K 512

ZEHUIK T control ZH AT si-NC4H (P<0.05); 5 si-IKBKE
AL, si-IKBKE+TDI-0115362H SW 19904 it 1] J
AR S5RRBET m, VerteporfinZH SW 19904 il %]
R AR 5RBHZER L2 L (P>0.05)(El S
FIE6).
2.6 RLEASWI1990ABEAT-RELE
si-IKBKEZH Al VerteporfinZl SW 199041 i i =
5T control 411 si-NCZH (P<0.05); 5 si-IKBKEZH.
FHEE, si-IKBKE+TDI-0115362H SW 19904 Jif & T %
FAA , VerteporfinZH SW 199041 i i 17 % 2 R £ 4i it
25 X (P>0.05) (7).
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(A)
1.0
Hl Control
0.3 L < =1 si-NC
0.6 u o B si-IKBKE
Qg ’ =3 si-[KBKE+TDI-011536
0.4+ & B Verteporfin
k4 #
0.2
0 -
24 h 48 h
(B) si-IKBKE+
Control si-NC si-IKBKE TDI-011536 Verteporfin 80 -
=
EdU 5 60 L .
&
50 ]
= £ 40 o *
«
B
S 5o
DAPI £ 20
50 pm 50 um
— — U T T
> O © >
Q\@ \'é Q’é) \(—;"> 06&
I < \«g, 9\ _@Q
Merge & &Qx <&
50 ym 50 im &
o
%\

A B4 SW19904H A Dyoo B AL K LLHE ; B: 7541 SW 199041 A 3 5 3% EL 5% (EAUH 4 ). *P<0.05, 15 control A EL ; *P<0.05, 55 si-NCZIAH L ;
&P<0.05, Hsi-IKBKE4LMH L . n=6.

A: comparison of Dy and proliferation rate of SW1990 cells in each group; B: comparison of SW1990 cell proliferation rate in each group (EdU stain-
ing). *P<0.05 compared with control group; “P<0.05 compared with si-NC group; “P<0.05 compared with si-IKBKE group. n=6.
El4 &LHSWI1990LAMAD.o, FIEIE R ELEL
Fig.4 Comparison of D4, and proliferation rate of SW1990 cells in each group

100
si-IKBKE+ ° T
Control si-NC si-IKBKE TDI-011536 Verteporfin o> 807 «
2 o0
0Oh s *H *#
| <=
= 407
4 Q
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Fig.5 The scratch healing rate of SW1990 cells in each group was measured by scratch test
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Fig.6 The number of SW1990 cell invasion in each group was measured by Transwell chamber
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