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The effect of potassium voltage-gated channel subfamily D member 1 on
radioresistance in pancreatic cancer and its underlying mechanisms

CHEN Junlin', CHEN Yuanfei' |, LIAO Xiang®, HANG Yinhui'
(1. Department of Radiology, 2. Department of Laboratory, Affiliated Hospital of Jiangsu University, Zhenjiang Jiangsu 212001, China)

[ Abstract] Objective: To investigate the role of potassium voltage-gated channel subfamily D member
1 (KCNDI1) in pancreatic cancer radioresistance and its underlying mechanisms. Methods: Human
pancreatic cancer cell line PANCI was cultured in vitro and divided into control group ( no irradiation )
and X-ray irradiation group (8 Gy). After 48 hours of irradiation, mRNA expression levels of potassium
channel-related genes were analyzed by RNA sequencing ( RNA-seq) and real-time quantitative PCR;

[E €T E 1Ll R T 4 & eI H (SH2024007)
[EETIN IBRE TR (1998—) , 5, W05 28 s g GEAGME#H ) , (EBE I, E-mail : hangyh@ 163.com



55 4 3]

MR RR , 2. PR R T T IE W Z 05 D LB 1 X TP TR IR T B 52 i) B FCAIL ]

291

KCND1 protein expression was detected by immunofluorescence. CRISPR/Cas9 technology was used to
knockout KCNDI in PANCI cells, which were then divided into four groups: sgControl, sgKCND1,
sgControl + X-ray (8 Gy), and sgKCNDI + X-ray (8 Gy). After 48 hours of irradiation, caspase-3 and
Bax protein expression were assessed by Western blotting; apoptosis and reactive oxygen species ( ROS)
levels were measured by flow cytometry; E-cadherin and N-cadherin expression levels were evaluated
using Western blotting and immunofluorescence; and cell migration ability was determined by scratch
wound healing assay. Twenty-four 6—8-week-old C57BL/6 mice were subcutaneously inoculated with
PANCO2 cells on the right back. Two weeks later, mice were randomly assigned to four groups: control
group, X-ray irradiation (5 Gy) group, imipramine (20 mg/kg) group, and X-ray irradiation (5 Gy) +
imipramine (20 mg/kg) group, with six mice per group. Tumor volume and weight were measured and
compared. Expression levels of anti-apoptotic and pro-apoptotic proteins, as well as E-cadherin and N-
cadherin, were analyzed in subcutaneous tumor tissues by Western blotting. Results: Compared with the
control group, mRNA expression levels of potassium channels including KCNN4, KCNDI, KCNA7,
KCNAS, KCNMAI, and KCNJ14 were significantly upregulated in the X-ray irradiation group ( P<0. 05
or P<0.01), among which KCND1 showed the most prominent upregulation. Compared with the X-ray
irradiation group, the sgKCND1 + X-ray group showed significantly higher expression of caspase-3 and
Bax proteins (P <0.05 or P<0.01), significantly reduced N-cadherin expression (P<0.01),
markedly elevated E-cadherin expression (P<0.05), and a significantly lower scratch wound healing
rate (P<0.01). Compared with the X-ray irradiation group, the X-ray+imipramine group exhibited
significantly smaller tumor volumes and reduced tumor weights (P<0.05). Western blotting results
showed that, compared with the X-ray group, the X-ray +imipramine group had significantly lower
expression of the anti-apoptotic protein Bel-2 (P<0.05) , while pro-apoptotic proteins cleaved caspase-
3 and Bax were significantly upregulated (P< 0.05); additionally, E-cadherin expression was
significantly increased ( P<0.01), while N-cadherin expression was significantly decreased ( P <
0.05). Conclusion; The potassium channel KCND1 may contribute to radioresistance in pancreatic
cancer by promoting epithelial-mesenchymal transition and enhancing apoptosis resistance in pancreatic
cancer cells.
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AR RS HEK293T 41 H VT 5Bl 4
AR A BR W] 6 8 A 8 S ik i DA 20 i 2R Tt
BRI T RS B 2= o, 24 HUE
C57BL/6 /IR, 6~8 Jil %, W F VLI R sy oy,
TAFET 12 h/12 h SCREEERFT 40% ~ 60% FH X 1 B2
IREE GG PR SR 3~4 d, AMFSTIE VIR K223
Py 4 F P A8 B8 25 51 23 it UE (UJS-TACUC-AP-
2024073106)

JIG A LG . DMEM W B 55 M AHCRE 38 4= W) 28 W
B R AR R & (PBFT AM) | % 5t A/ B
caspase-3 HLELREHUAR bt A/ /) BB B R ) 45 5E
BIZ K D W5 1 ( potassium voltage-gated channel
subfamily D member 1, KCND1) ¥ 5z [ Hi A  Bax H.
seREPUIAR Pt A/ /NEL B-Tubulin 5 5 BEHT AR 1
AL ERHE YIS AT R R s EAL B JREE R
K FALH  Tween-20 W 5 i T T 4 LBk B
3 BRZN ] PBS \HBSS . DEP JGHF/K | 20 i R A7
FAT- Y857 304 B 52 [E Thermo 23 H] ; SYBR Green
super mix 3% 5% SRR S W A B R gERE AR YN FD
RNA B0 & 4 E AW A BigE s RAEY
AN

I3 HT L TRE (Hitt: Precisa A7) ; SDS-PAGE
TAN 3 L H VKA ( 5[ Bio-Rad A F]) 440 T
YEG (UM T AR 2 7)) 5 1H T 40 i 15 7248 (LR
IR AN F]) 5 Varian IX B2 ME S (32 [E Varian
Medical Systems 2~ H]) ; i AHMEAL (L E BD A F]) ;
TR AR ( H A Nikon #EUS#t) s WFES A (db T
KA BHEARAAE) .
1.2 Bk
12,1 #iffssse NJBERYE PANCL 4 A BRUBR
g PANCO2 40 FH & 10% i 24F 1L i) DMEM £5
F#F 37 °C,5% COF4H
1.2.2 Z0HE X GBS HUG T X5 B A K 0 ny ik
JR9EE PANCY 4H, #eRAL2Y Sx10° /4> 40 fif 285 B 4 b
T 6 FLA ;K 40 B Ak o REZE (O RS ) T X 28 55
Y (H23Z 8 Gy HRHT) , 4 40 L 0 BE J5 # 28 B2 F 1 4k
T 25 ) FRSR DB B8 T iRE i 1 8 Gy a5 7
SRR 600 ¢Gy/min, FRET 80 s, B {4 IR 5T i
WIS A AR S I R AR 3R . SR E & 2
AT X ZR IR AT,
1.2.3 BSR4 F ( RNA-seq ) 52 56 46 I 40 2 738
EFRIRE L 2.27 A BRI A, 48 h J5 HRHR
S RNA, HH Trizol 335 ( 32 [# Invitrogen 23 7] ) i 18
LA 4RI RNA I v J32 5 4 B 5 AR 4l S ik it

JH poly(A) & £ 7 B2 3R B mRNA ; 4% 5 % 19 mRNA
Wik SR cDNA, -l i R i 52 | 42 3k 3% 42 1 20 R
FEEIN P SCE . PCR 9734 J5 , 47 3C % o s A5 5 SC
PRk i A R AR (AEat) A R W R4
P 3 AT e 25 5, A3 M0 S 3 7 mRNA ik,
1.2.4  SEBFSEGE R PCR A ISR BS 13 8 mRNA
AT A B 1. 2,27 40 2H WA S 4, ) Trizol 4%
B mRNA FE005% 555 L cDNA, WK FR 10 pl:
4.1 pL DEPC 7K,5 L 2XSYBR Green Mix,0.5 pL
¢DNA,0.2 pL I FHEg 14, AR FRF .95 C
AP 10 5356 °CIE 2k 30 5372 °C ZEfH 30 s, 3 40 ME
B, HE AR (L KCNDL A1) ACt = Cryenp, —
Cto s » AACt= ACty ey ~ACty gy, Lh B-HILENE
FH mRNA AHXT ik 50 1, R 27315 KCNDI
mRNA FHX]RB T, SIYFHE 1,

x1 SIMFIIRKE

N

2 IR bp

J¥51(5'—3")

B-ILBhEH I ; ACCATTGGCAATGAGCGGTTC 150
JZ ] : ATCGGTTGGTGCCACTGAATGG

KCND1 1E[A] ; CTGCTGCGTCTCTACCTGG 147
J2 1] : AGGGTGCGTGTTCATGTAAAG

KCNAI 1E[] : CATCGTGGAAACGCTGTGTAT 212
JZ 1] : AACCCTTACCAAGCGGATGAC

KCNN1 1E 7] : TCGGGGAAACCCTCAAATGTG 99
JZ 1] ; CCATGACGACGATGCCAAAC

KCNJ14 1E[] : GGTCGCTTCGTCAAGAAAGAC 81
S 1] : CACGCATGTGGTGAACAGG

KCNA7 1E[] : GCTTTTCGAGTTTCCCGAGAG 72
211 : GCAGAAGACGACGATGGAGA

KCNN3 1E [ : GGCGGATAGCCATGACCTAC 87
JZ 1] : CGTGCCGTCCAGAAGAACTT

KCNT2 1E 17 ; GGTACAGGTTTCGAGATTTGCT 132
JZ 1] : ACAGGCGTATCCTTAGACTTGA

KCNAS 1E 7] : CGCGTCCACATCAACATCTC 230
JZ 1] : GGTAGAAGCGTATCTCGTCCG

KCNS3 1E[9] : CCCTGGACAAGACGAGGAAC 76

JZ I : GTCTGGTGTGAGGAAACCGC

1.2.5 HEFCKIM PANCI 40+ KCND1 & 1
ik BC1. 2,27 Sy 4L RESTAN Y, R T 24 FLAR
W, SR8 IR PBS BE 3 U I 1 mL 4% 22 5 [
7€ 20 min; PBS ¥ 3 X ; A1 0. 1% Triton X-100 Z= &
WL 20 min; 5% 4 1ML %6 H & H E W 2 hy InA
KCND1 —4i 4 CHFH 1% ; TBST ¥k 3 K, 5 min/¥K;
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TS RE 58 56 40, & i mOEHEE 1 h; TBST Uk
3 K,5 min/ ¥ ;i IHT AT DAPT BYBTIE K 5 e s
LI, SR Image J AL BRIEF K60 P-4
SR TR AR R A &

1.2.6 i KCNDI @FRBRL  J# 3T Benchling 7
AT HBIHE X KCNDI e 4% sg P31 (5'—3")
43 5 4 sgKCND1-1: GAGTACGAGTCTGACCTGAC,
sgKCND1-2; CTGACCGTACGTTAGCAGGA , ¥ 31
TN A MER AR RHECA IR R A L, R TR N
PIEGYIER V2 B, 42 °C 4 h; 5198 Kk . Bl SE 4
B F5 R FEB4 2 pL, A ¢DNA 1 pL, PCRmix
12 L, BEEKANF 2 20 pl, 95 CiE2k 1 min,95 C
20 s 35 MG ;B & 20 s;72 °C 60 s;PCR F=¥ 4
1% 35 i A7 6 J P UK ARG T, O 7E AN IR R BT
WLEE H 45407 . BTG U /N B Y 254 VT
[lcalifk )5, % FH T4 DNA 3% $5 i 5 200K 0 47 3%
o FBURLBE B & 52 BOBTRE , 438, 26 28 vl A
JPH

1.2.7 KCNDI @B Etade B HEK293T 44
M, ¥ B FLZY 5% 10> 20 M % B H2 70 F 6 fLtk, T
37 CHMEIEFRAT T 12 h; B 100 wL JC I T 55
FEH+5 wL PEI %, 0 PEL 4 ;B 100 wL JCIMLiE
RiF#5£+0. 25 pg pMD2. G JFiki+0. 75 pg psPAX2
FBoki+1 wg H B BURL, Sy BORCAE 5 43 0 9% T 9 Bk It
BL FE S ming IR A W, I35 JF BB B0
25 min; MBI WFF 48 h Bl B 57
W, B R 5 B0 5 4 L) 8 000x g B0 10 min, i FF
T-80 CrkA &,

1.2.8 PANCI1 4H B F7 ki & 4% 8 A B B 9
PANC1 430 2 6 fL AR, 45 FL 40 i & 5 L — 2
ZEAT 43N 1.5 mL S8 44 R 3k 2 L JREE A
0.5 mL FHEE, IRAT, P 24 h 3Rt 1
WAL UR P ARG AR L 5 4 R IT IR AR 48 kL i
P INAERS 8 R (1710 000 ) FE47 5 126 1 2y %
YR ANHE , AR U5 40 MR ZS 1 ng/ L 38 3N K N2 04
RURJE TRk, HE A0 AN 3BT, 5 Se it
A7 28 5 B 5 B0 30 G I R B 280 %

1.2.9 & S BN 52 5% 59 9F KNCD1 i BR 2%
B EC. 2.7 1.2, 87 A B E B 40 MY, SR
RIPA Z4Af 0 (2 86 B 0500 ) S8 BCR & H, HR
FREMMASxEN EFEZ M, T 100 C4)8
W5 10 min; 17 SDS-PAGE , 5% FH] 10% 5 75 44 it
BRI , 160 V BLTK 1 b BE 8K G R B R AT 4 R
JE,4 CHE MR 2.5 hy R FH 5% g W5 % 18 B 1]

30 min, IAFHR —HT (PTG, T 2 1 000 Fi
FE) ,4 CIFE 1% ; TBST PEME 3 ¥k, 10 min/ U IIA
HRP FRic Il EHi R =P (1 = 10 000 Fi k) iR E
1 h; TBST ¥ 3 ¥, 10 min/ K ; K] ECL fb2F &6
R SR H R AR &R 4R 4R BRI AL
Image J JRPFHEAT IR EEAE 7347 .

1.2.10 AR SR AT Ee ) B
“1.2.77 12087 I T 4 A 1 Ha g B I S g
RS 1Y sgControl | sgKCND1 i, AR X 2k TR 5t
2l X £ AT +sgKCND1 4, 3% AL 20 5x10° 44 fifg
TR T 6 FLAR, WA PBS YWk 2 W K
200 wL B #5460 Sk 7E B AL e dil — 8 2 R
LI 0.5 ~ 1.0 mm $E JC 20 A IX 5 ; PBS 1 &
2 YK s SRR A TG IV B A, o7 B TR B R T
O, M RIIE 0 h;24 h 5 78 A A A0 B 1 v 3 R
8%, H Image J BG40 B I 52 AN 7] B J) 05 40 9
B BE B AR TR G % AT 5 40 AT A
REJT .

12011 A AR ARSI 40 i 8 1 B 3 4 45 K
VAN RR 2 6 FLAR , #& BRSC S H i HEF A2, 8 7
Ye@ AN AN 3 4. X LRI T2 X 2R I B + s
KCND1-1 £ X £& I8 5} +sgKCND1-2 £ ; i A YL
4 53M 6 4 . sgControl ZH  sgKCND1-1 4 seKCND1-
241 X RGP X LT +sgKCND1-1 21 X 2k i
B+ sgKCND1-2 41, 4% 8 “1.2. 27 dE 4T X £k IR 4
48 h; WO AE 40 A2, % 5% iR AR 1T ) PBS H
£ ,800xg B> 5 min; AT YL R E R EP 45
JIA 100 wL EAEZE v, FEAEFLINA 5 pL FITC Fl
10 pL PLROGHER ; 6 PEE QL AT H 10 pL i P4
PRl a2 5 min, $i B A0 A0 0 45 TR R
3T Flowjo XU A A 25 R AT A B | Fam a3
SRR HE AR T A A B 3 T AR K

1.2.12 SR RO K PRI A oAb 3 1
FRIF B PANCO2 4iifd, 4 FE A HU/INVERL 2% 10° 4 il
Bt 4y AT CSTBL/6 /NRAT IS T, /D
ST W REZL POKIRZ (20 mg/kg) X e HESTAH |
X RIS+ K% (20 mg/kg) 41, #:2H 6 H, i
JERFIR 50 mm® 0], 25 T X RO 5 Gy/ik, 3t
3R SRS 3 d, I [F IF Ih R R 45 T/ B
SEYREYT ESE 1A RIS R AT 1 /N ER
Jifges AR DA B UL SRS PR A AN R 14 d,
FUR T ORREE /N B, SR SMV X 28 IR 5 7 R
600 c¢Gy/min,0 Gy FEAH[F S0 T #A TGS, 76 X
LIRS 14 d J5 KN BRUARE I $E B R A2, R
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PEE N E-S AR RIS, AN, 12,107 X
2R TRIFEZH FN X 2R M 5 +sgKCND1 45 40 o, 463 N-
PEE N BRI ERIE, S 20 117 T
ALY 6 LA, Ko Bax 3 R0k, BRI
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S50 IRAURH L, RS 480 P8 B 1 0 P K R N
H 51 4(potassium calcium-activated channel subfamily
N member 4, KCNN4) 4 H1 & [7] #5838 38 W K % D
J B4 1 ( potassium voltage-gated channel subfamily D

7 ( potassium voltage-gated channel subfamily A member
7,KCNA7) AR T#5EE KR A 51 5(potassium
voltage-gated channel subfamily A member 5,KCNAS) |
EICTE R B 7l A WK R Ma B Bt 1 (potassium
subfamily M alpha 1,
KCNMAT) UL R A A i) % 370 38 3 0 58 T B 14
( potassium inwardly rectifying channel subfamily J
member 14, KCNJ14) mRNA 0 X} 3 ik K F & % T+
¥ (P<0.01 5 P<0.05) , Herf, KCNDI mRNA Jt 5
B PP AT IR S5
2.2 BU% KCNDI 3§85 A% 3 09 MRS 20 fe st =

FIETOCEE R R (B 2A) SR B AH L, X
ZEMRUM 2 PANC-1 40 i 22 KCND1 2 4 25 2
B 5 T8 (P<0. 01) |, #2755 HomT 68 -5 e s T 41kc
iE PSS

RPN ZE R Wos (K 2B) , 5 sgV2 4AH
kb, sgKCNDI1-1 £ 1 sgKCND1-2 240 KCND1 45 (4 &
IRIKF-BH R FEAR (P 19<0.01) ;45 X £k BEST41HI L,
X 28 HE 5 +sgKCND1-1 240l X 28 18 4§} + sgKCND1-2
HIT-FH I 1 caspase-3 Fll Bax 3% ik 7K F i & Tt
1 (P<0.01 8% P<0. 05, 2C) , a2 i ARAG I 2%
FE7R(E 2D 2E) , 5 X ZRRGT4IH L, X 2 B +
sgKCND1-1 411 X £k & +sgKCND1-2 21 4 fifg 4
TR BRI (P $<0. 01) , Wb S i T
H (P H<0.01), UL FR W], KCNDI B v 3 i
00T 0 J R T, DT 9 i R R g 0 X 0 A
JEAE

calcium-activated channel

A B
P<0.05
2 34 B25 P<0.01 B3 ,M‘ B 2.0 —
l W X 1 % — % <
L xagl2 %] 20 | s
XFIRAL3 ® s ﬂ&:i 2 45
0 Ixﬁiéﬂl 5 s 2 10
X412 é 1.0 % Eé
10 X3 S = 1 S 05
= 05 Q i
= = g
E g go 20
XHAL] XZR41 XHRAL X2l XTHRL]  XZR4l

KCNAS5 mRNAZE kK-
>

o P<0.01 P<0.01
P<0.05 2 25 B 2.0
X ~
;’H‘é 2.0 X 15
< 15 by
z 1 <
& z 1.0
£ 1.0 %
3 0.5
0 5 0 % 0
XA X4l M XML XER4 X XML XLk4l

A X 2R HBRGT RS S T T S S S B mRNA kB B WL A S 8 1E mRNA AT 5K Ho
1 $HEFiBiE mRNA RAHE K mRNA 13 RIEKFE LK
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2.3 &l KCNDI #7p4) MR 20 it EMT 54K

B AGREE TS R Bon (B 3A), 5 X 24t
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sgKCND1-2 41 | ik ¥ E-55 26 8 1 3Rk b 35 3
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