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[# Z]B®.-IRHFEEA1 (ring—finger protein 1, RBX1 )Xok ek i g ( pancreatic adenocarcinoma, PAAD)4H i35l AT 8
F= 22 AR B Hor e 94 FHAILS o 7 3k « A 2k PR 3 35 3% 22 12043 M X 3 (gene expression profile interactive analysis web-
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oW PHFSA 1 Feak B o0 17 RBX1 ARG PANC-1 41358 B R M T-AIFE T (P<0.05) . £538 : RBXT G fikid iof
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Knock—down RBX1 inhibits the proliferation, migration,and invasion of
pancreatic cancer cells and promotes cell apoptosis by

down-regulating PHF5A
Zhang Jing',Yan Youyou',Xu Dongchao®,Zhang Bo'
(1. Translational Medicine Research Center ;2. Department of Gastroenterology,
Affiliated Hangzhou First People’s Hospital , Zhejiang University School of Medicine )
[ Abstract] Objective : To explore the effect of ring box protein—1 (RBX1) on the proliferation, apoptosis, migration, and invasion of
pancreatic adenocarcinoma (PAAD) cells and the potential mechanism of action. Methods: The gene expression profile interactive
analysis website, quantitative real-time reverse—transcription polymerase chain reaction (qRT-PCR) , and Western blot were used to
measure the expression of RBX1 in PAAD tissues and cells and to determine its prognostic value. Cell Counting Kit—8, colony forma-
tion assay, terminal deoxynucleotidyl transferase dUTP nick end labeling, wound healing assay, and transwell assay were applied to
evaluate the effects of RBX1 knockdown on the proliferation , apoptosis , migration, and invasion of pancreatic carcinoma—1(PANC-1)
cells. LinkedOmics website was used to investigate the correlation between RBX1 and plant homodomain finger—like domain—
containing protein SA(PHF5A) in PAAD. Functional rescue experiments were performed by measuring the expression of PHFSA after
RBX1 knockdown by qRT-PCR and Western blot. Results : RBX1 expression was up-regulated in PAAD tissues and cells, which was

associated with a poor prognosis (P<0.05). RBX1 knockdown inhibited the proliferation, migration, and invasion of PANC—1 cells and

promoted cell apoptosis (P<0.05). RBX1 was associated with

EBNA % F Email:7j663598@163.com,
R s ma com PHF5A in PAAD (R=0.6918) , and RBXI positively regulated the

L AR O Ry
BIEMEE 7K ¥, Email: zhangbohzss@163.com.
HATH Jr b B RA2 AW A (%5 :LY20H310005) showed that PHFSA overexpression partially reversed the effects of
5 AR : hitps:/Mlink.cnki.net/urlid/50.1046.r.20231008.1644.012 RBX1 knockdown on the proliferation, migration, invasion, and
(2023-10-11) apoptosis of PANC-1 cells (P<0.05). Conclusion: RBX1 knock-

expression of PHF5A (P<0.05). Functional rescue experiments
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down inhibits the proliferation , migration , and invasion of PANC~1 cells and promotes cell apoptosis by down-regulating PHF5A.

[Key words]ring box protein—1; plant homodomain finger-like domain—containing protein 5A ; pancreatic adenocarcinoma; prolifera-

tion ; apoptosis ; migration and invasion

JB A 98 (pancreatic adenocarcinoma, PAAD ) J&—
Fift = 2R MEAR B )R8 , HC R0 RN B L T, AR
HEAERAU R 119"l T A3 IR AE AR, 24 8
HHAZW PAAD I 38 # B R AR e R H Al
(912 Wi 7 YR FNG Y7 R RORFERL, PAAD 38 A9 Il
IREEFA A G BHARN . P, WF5E PAAD A & o AL
XF T IREA B A W hs S AT 2 W iG y7
HmERAHEE X

&85 H 1 (ring box protein—1, RBX1) /& S H#ii#4
fiff 4 ¢ £ 1 (S—phase kinase—associated protein 1,
SKP1) . Cullin Fl &% 45 F-box (SCF) 1932 2 i 2 il (19
A AR o ARz R - A A R SR — AR
3 30K B A Tl A A ) A 1R e R S A A
108 g L A0 e e 455 00 S S A e sk
PR A 5 5 3 5 Oy ) R4 B R E E M
FHWT, SCF iz ZEHERE D RERL I 2 T 208 Fh i
R REAE, PR ARIE  RBX1 ZE Mg "
SR B SRR R AR AR TP AR s B M,
PiR BN GECS T I N f e S Y R (R (S
{E= , FRG M R AT T 58 il RBXT 75 JBR i g B
YER

i 3 LinkedOmics I 3t , P8 2H & B0 7E B i 98
o, PHD % 8 45 #4 30 & 1 5A (plant homodomain
finger—like domain—containing protein 5A, PHF5A) 5
RBX1 A &P 5 7, DA I RBXT AT i o 3] 42
PHFSA J# 5 JBe Ji 98 40 i 5 9 1 R AR 2R
ARSI B A A8 B AR PR S A6 PR A, D IR
IR B [ T6 7 SR e R R

1 #REFE

1.1 fmp

IEH AR T8 B R 40 2R HPDEG6-CT , A BRI 41 i
% AsPC-1.,SW1990,BxPC-3 Fl PANC-1 340y H - ifg o = &L
S BE AL
1.2 XA

Dulbecco's modified Eagle medium (DMEM ) 1% 3% 3 , 10%
14 16 24 1L 37 P07 22 R -4 2 R 49 W A L [H Hyclone 23 7] 5 JBR

fiff ) H 3¢ [E Hyclone 2 7 ; TRIzol 57 & W H ZE 42 4 ¥ 5
jetPRIME &7 It [ Polyplus Transferion 2 ] ; #1[5] RBX1 fi¥
/NFE siRNA (si-RBX1-1 fl si—-RBX1-2) , ¥ [&] PHF5A {1933
23K pCDNA 3.1 Jezs 8RB0 F BUN AT 2E W) H AR A BRA
Al RBX1.PHFSA AN S 3 GAPDH 5| ¥ & i A -
T 2 )R R 28 B 3 RBX 1 (ab133565, 1:5 000) Fl GAPDH
(ab181602, 1:5 000)HL 1AM F Abcam 2% 7], PHF5A (15554
1-AP, 1:1 000) HL AR [ 270 = 28 &) 5 3 3 7 Ak 2% % 56K
51l (enhanced chemiluminescenc, ECL) g [ BioSharp /N P
W Bk 1 iR (bicinchoninic acid, BCA) 2 [ &2 &t i 5] & 1 [
Thermo Scientific 23 ) 5 B S EHTE H: (radioimmunoprecipi-
tation assay, RIPA) 24 B ALt RS ERHE A IR A H]
13 Fi

13.1 4R35 HPDE6-C7.AsPC-1.SW1990,BxPC-3 Fll
PANC—1H{# FH & 10% HA2F 113 . 100 U/mL5 % % 100 pg/mL
BEE R DMEM ] 573E,37 °C.5% CO, 8555 . A& e
IKE] 90% It , EATAE AR 75, BORH 8RR K i AR i ik A 7 ) 4
1.3.2 S A 9% 0% ot B A W 5% L (quantitative reverse
transcription—polymerase chain reaction, qRT-PCR) fifi i
TRIzol I 42 HUE 1 RNA , #R418 150 B 34 20 B afh A 7 i 5t
MEfE, GAPDHAE N S, il i 27243543 0 H 55 RBX1 Al
PHFSA (AR SRk i, B REAR I ST S 5006 31k ST
L1,

#*1 LW EEPCREI¥FFI

M F31(5'—3")
RBX1 1E 1] : CTGGCTCAAAACACGACAGG

JZ I : AGCATCCGTTCCAGAATCCAA

PHF5A TE T : TGGTGTTGCCATCGGAAGAC
JZ 1] : CATAGGAGGACGCCA
GAPDH 1F T : CCTGGTATGACAACGAATTTG

J2 1] : CAGTGAGGGTCTCTCTCTTCC

1.3.3  Fe BOHEUA: KR PANC-1 41 IF R T 6 FLAR
e YA A R R 3 70% 24 B, $2 B Lipofectamine™ 2000
VLA, A T4 RBX 1 AN/ 6 15 PHFSA R L KA 1
BH Xt B 51, 20 M 7 AN 2 160 7 FRDBLBE B9 DMEM 15 3% 3 o
i35 6 hJE , il e i R LAk 285 95, 48 h /R IS A il
Tor I 2 e sb 3

1.3.4  #4iE it 50857 & -8 (Cell Counting Kit-8, CCK-8)
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I PANC—1 2 0 %% B2 P 5 5 2 x 10° LI FR 21 96 FLAR
R BEFLHIA 10 WL CCK-8 345 AT 90 WL 55 #: 3 , 37 “Clig
H 1.5 ho £450 nm A AR A0 T 24 .48.72 h il i 4
FLEY ML HE (absorbance, A) {H, B BHECHE 45 R 122 1 2 Jfd A=
K.

135 SEBETE LSS N PANC-1 40 i 45 F T 6 fL Al
(2001~/4L) , 4 3 d B4 1 RS IR, 243G 57 MLt B P AR ]
ULE AN AR S, B BR B IR . B 4% HYIRE [ SE 40
10 min, #8 J5 H1 0.5% %5 & 58 (W9 [ 52 [ Sigma 24 7)) G4 (4
3 min, SERESE LN >50 DML, HOE AT « se keI ik
H(90)=E XU RN A A X 100% -

1.3.6 LSRR T I A S e B A 0 Bk D R I f
(terminal deoxynucleotidyl transferase dUTP nick end labeling,
TUNEL)  F DeadEnd™ Lt (0,3 38 746 I 28 42 46 00 240 i 94
T2,si—-RBX1 fl/8f pcDNA 3.1-PHFS5A LA K %} B ¢ PANC-1
YA 24 b5 R AR LA Ix10° AS/FL I B R 3R T 6 FLAR T .
B B BT P BRI A M R T (A 47, 6- KR -2
F M5 (47 ,6—-diamidino—2—phenylindole , DAPT) %% &, 314 41
JHLEEC, 315 TUNEL B 40 14 - 35 Lol

1.3.7  RJRSLE: fF PANC-1 40 3 T 6 FLAR H (1x10°
A IFREFR B A . 71200 WL B W FE T A (1 B2 4
ML 1A . TERIRIE BUS 90 h #1148 h44% 5 LA .
1 H Image ProPlus 6.0 WK A8 58 Ao -8 R
1.3.8 Transwell 3255 R 24 fL transwell 2 M1 8 wm RHRHLR
T B0 A AR AR 2R BE ), AR B BE AL (20 /L) BB L5
/N ORRTE 3T CR T 2 he RS LA 2X10° /AL 2%
JE R Ah AN, BT I M DMEM, R 8 EH15E 10% i 4 1
o WEH 48 hm , 2 5 A 20 22 3 W E [ 7, OF R 45 dh
SR LIRS A XSO T i 3 0 20 M T4, A SR
B3R,

1.3.9  Western blot Kl A1 Fl RTPA 2 fift ¥ £1 B 20 i i Y
SV T BCA W R A7 3 P B o R R A DU B L RE
(40 pg/fL) HEAT o8 i 15 2 B — 588 VN s T i 5 MG ol Kk
(sodium dodecyl sulfate—polyacrylamide gel electrophoresis,
SDS-PAGE) , R Jri iz F I e 1K 3 11 5 2 5 R A — I & 0
Ji5% (polyvinylidene fluoride , PVDF) I, JE F 5% B I Jig 24 475
M2 h, 5—PL(RBX1,1:5000; RHF5A, 1:1 000; GAPDH,
1:1000), 754 CREREF o U H AT kil 20 (1) = LBk 22
W ER VR W (Tris buffer solution Tween, TBST) V& 8 3 7%, &Ik
10 min, A J 4 585 “HU A IRME R 1 h, TBST P 3 ¢, Bk
10 min; fiJ&5 , fE G = PEAT ECL 25

1310 AW s ot Ak IR 2 ik it 22 1 5003 A 0
(gene expression profile interactive analysis website , GEPIA) ]
T4 Mt 2k B 9 e 355 R 4H 8 3% (The Cancer Genome Atlas,
TCGA) F £ (5] 7Y — 24 21
GTEx) 504 % (htip : //gepia.cancer—pku.cn/) ) 9 736 /> i £l
8 587 N IEH FEA (Y RNA I P 2 1A ¥t . i 38 GEPIA 73 #r

2 ik (Genotype-Tissue Expression,

JBRARIEE ZHL S UM IE B AL AR i RBX 1A PHESA YA 7K,
DL G {H . LinkedOmics (http : //www.linkedomics.org/ )"
Je—NATFRT] R 45k A BT A 32 Fh TCGA JiiE 28
TR 10 AN i PR 85 11 T 4L 2% g 43 A 8% B (clinical pro-
teomic tumor analysis consortium , CPTAC) J#AE BA S 1) £ 2H 2%
Hds , FI LinkedOmics 3 73 41 RBX1 Al PHFSA 17 [ I I
HLUP ARG
14 %tk

it AL SR 22 48 1 #4F 42 13.0 (Statistical Package for
the Social Sciences, SPSS, Inc., Chicago, IL, USA) #1188t 2%
3Nt e BUREFRIR R B 2= 3L S B + bR
2= o Adi F Kaplan—Meier 4387 Fl log—rank #6; 56 % 4= 77 7K
PEATGEE I3 HT , A8 Pearson AHSC/M T %E PAAD Hi RBX1 Al
PHF5A Z [ (AR SCHE o 2 A1 HUBCR T o K55, 20 4 18] U R
FHER R T 220007 . KK i «=0.05.

2.1 RBXI1 MM Fo e b & kA

GEPIA [l rh 25 5L B /R HHEE T 1E & iR a1 2, e fsses 41
Zrh RBX1 635 B3 I (P<0.05, &1 1A) , B RBX1 & £ ik
5 1 M AR A AR AR KPR 56 (P<0.05, 81 1B) o qRT-
PCR I Western blot & Il 1F & A fgi ¢ 54 L 2 40 i &R
HPDE6-C7(1.000 + 0.070; 1.000 + 0.080) FI_A 5 i 487 40 it 2
AsPC-1(2.233 +0.161;2.067 = 0.157) .SW1990(2.874 + 0.170;
2.540 = 0.140) .BxPC-3(1.947 + 0.077;1.311 + 0.122) HIPANC~
1(3.485+0.21652.713 + 0.223) H' RBX1 mRNA Fl 2 1 & ik
IKF-, 45 5 B % [ HPDE6-C7 41l it , 4% Jik A 98 410 Bt vp
RBX 1 #3501 i 1(F=118.600,P<0.001; F=73.430,P<0.001 ;
E1C.D), HFE PANC-1 4 g vh ik e e, BRI 5 2L 50 50 78
PANC-1 4ifd P47,
2.2 FHRBXI 44 & ik [LAF AR JE 4m 038 70 AR 3 8 — FF 4
43 A i

Yt PANC—1 4if Jfl k47 %% J% LA F 4 RBX1 £ ik , Western
blot £ il RBX1 siRNA % e 0% | 45 1 W /R , 5 Control 41
(1.000 = 0.062) Fb#5 , siNC £ (0.994 + 0.073) H RBX 1 FE ik %
B AE Ak 5 5 sINC 41 B, siRBX1-1(0.389 + 0.041) F1
siRBX1-2 41 (0.583 £ 0.027) H' RBX1 3K ik W FEAL, W 4R,
SIRBX—1 5 Je sl LT 4, D L B siRBX -1 B 475556 (F=
96.75, P<0.001, &l 2A) . CCK-8 S 56 0 v [ T A, S5 56 A )
A1 A 3% 1 BB K F , 5 siNC 20 (0.912 + 0.330; 596.700 +
37.000) FL %5 , RBX 1w fiJ5 PANC—-1 41 7% /1 (0.658+0.172)
FIEFE 7K - (284.700 = 20.000) i &A% (F=3.606, P=0.011;
F=91.70,P<0.001; & 2B .C) . TUNEL 4 A 4 f 8 1, 45
FBIR, 5 sINCZ(2.600 + 0.361) FL 4, siRBX 1-14H(8.833 +
0.874) Y8 T K -3 hn (F=119.500, P<0.001; K1 2D) , %952
s B 5 siNC 2H(100.700 + 11.870) FbAL, siRBX1-1 41
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C. IEH NPENR A [ R A0 A48 e s 40 i 22
HIRBX 1 mRNAZIA/KF

7 :a,5 HPDE6-CT 4 H A, P < 0.001,x +5,n=3
1

(41.800 = 4.616) " PANC—1 4l Jifg 3T £% /K °F- & 3 B AR (F=
47.900, P<0.001; & 2E) , Transwell 52 & 35 B , 15 siNC 41
(99.400 = 7.000) [b#5 ,siRBX 1-141(39.700 = 6.596) H1 PANC~
1 40 {2 227K 1 B ZREAK (F=82.310, P<0.001; [ 2F) . LA I
25 SR BT P RBX AT LU0 6 5 % Je 40 e 1 4 | i B8 Fn 432
2 e T,
2.3 PHFSA MM P & kA, -4 RBX1 B &A%

FIH LinkedOimes 93 T 72 PAAD 15 RBX1 354
SR FEIR, DN & 315 A S Mk 85 85 19 PHFS A (7=0.692, P<
0.05,&13A) . GEPIA Wil 45 3 W 7 AR T 1 3 AR 21 21
JEE MR L 2 rh PHFS A 1 35 5 33K (P<0.05, K 3B) , H &3k
PHFSA 5 [ 8 £ 8 SR AR AR K PARAH 56 (P<0.05, E 3C) o
qRT-PCR Fl Western blot A5 1F 5 AR T8 1 17 21 it 72 Fl
N T 5 9 40 L R b PHFSA mRNA fIEE IR BKF, 5

Percent survival

1.0 -, —— Low RBX1 Group
g —— High RBX1 Group
Logrank P=0.036
0.8 - HR(high)=1.5
; P(HR)=0.039
n(high)=89
n(low)=89
L L T o
0.4
042 & T s T PR TR ———
0.0 -
I I I I
0 20 40 60 30
i/ H

B. GEPIAZSHE ZEFF RBX 1 X PAAD SR A A A7 K SE ) 40 B

REX| - - - — -

GAPDH [ ——

4.

X
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I

4
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=
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N> % N
S LI
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D. 15 BRI S/ b I 2000 044 JRt s 2 it 2R
FFRBX1HE IR R K

RBX17E PAAD HAFMM P HRIZRE S BE B EFKFEHXER

HPDEG6-C7(1.000 + 0.148;1.000 + 0.036) %5, AsPC-1(1.921 =
0.094;1.421 £ 0.111) .SW1990(2.322 + 0.062;1.814  0.048) .
BxPC-3 (1.397 £ 0.130; 1.490 + 0.096) 1 PANC—1 (2.768 =
0.084; 1.951 +0.144) 40 Y *f PHFSA % 35 & % L 3§ (F=
128.900, P<0.010; F=45.160, P<0.010; [& 3D.E) . Western
blot &illl RBX1 T4t /5 PANC—1 4 fifd v PHFS A 85 11 2634 7K
L g5 R B R AT sINC 4 (0.987 £ 0.096) , siRBX1-1 41
(0313 £0.060) H PHF5A 3K ik W 3 B (R (F=82.980, P<
0.001; [ 3F) ., LA 253 W], PHFS A 76 F 598 41 SR 40 i
HE 2RIA , PHFSA 385K 5 IR R R 15 A 2C , HLRIAK
5% RBX 1 1E [ PR
2.4 PHFSA i & iA 36 51 25 RBX1 T 45 % Wb % 4m i3 74
Fo 8 0V A

X} PANC—1 40 ifg #E 47 siRBX1 1 pcDNA 3.1-PHF5A #;
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. -»- Control
K15 2.07= §iNC
W -+ siRBX1-1
Tio 1.5 PANCI1
s -
= Z10
™ < 1
=05
g 0.5
~= 0.0
N & N 0.0
& S 0 24 48 72
S Bl
oW B. BEIERBX UG & 4HPANC- 1 4724 . 48,
A. RRBX 1S PANC-14H {1 P RBX 1A 45 2 5K - 72 WA [ A 5 5 o 4 20
- e00.  PANCI
= 600
]
400
#
i 200
. . S O D
Control siNC siRBX1-1 o&‘ ;A
C. FRRBX 15 & ZHPANC— 1 41l i sE kI ik Rk ’ f’
Control siNC siRBX1-1
TUNEL 15+
S 10 a
a
DAPI = 5
N O N
S‘&\ 5 47\’
MERGE &
D. BUERBX 15 & 4 PANC- 141l A 4 T 7K
Control siNC siRBX1-1 PANCI

Oh

48 h

E. AAIKRBX 15 4 41 PANC- 141 AL (13T ?Fzﬂwﬁ PANCI
Control _siNC. siRBX1-1 150
Ry P TR A O R e S
VN4 L $ ‘?*\ 2T T IRT N \\
! d > 5y ¥ ‘fA. 4‘4. q B 30 %58 Y s Pk it 3 a
LA g Rug Vs Mf% - 2 TP S e -
4 2, - » Lo A 0
' G S i BN & L ©
00 B %‘*
F. W RBX 15 & 2HPANC— 1flﬂﬁtﬂ’ﬂ ZEKF < &

T ra, 5 siNCHLHAEE, P<0.001,x + 5,n=3
El2 Ft RBX1 HI B A Bt B 2T B e vt A
Y R JH Western blot Kill PANC—1 21l o PHFSA 357K F- 0.06 ) He4% siRBX 1-1+pc—PHFSA 41(0.770 + 0.062) 1 PHFSA
5 siNC 41 (1.004 + 0.066) LL 5 , siRBX1-1 41 (0.286 + 0.055) Fk W ZE IH(F=108.100, P<0.001; K 4A) , 8] T RBX1 %}
T PHF5A $535 B AK, 5 siRBX 1-1+peDNA3.1 £H(0.323 = PHFSA AR . CCK—8 5258 R 5 B TE 1 S 36 FH 46 )
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Pearson—Correlation: 0.6918
P-value: 1.119e-26
Sample Size: (N=178)
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C. GEPIAXREFE T PHFSAXTPAAD R 3 S A7 KB 2047

prrss [

e a
= a
£l . R
= I
1 il
3 =
(€9
Zo E
2 P Y
Q)‘O/ Q() Q\o’ Q)S Y§ E S \é‘\ h\%() 4-\?/\
N &
IEH IR 8 L R A0 2 TR m}\ﬂfﬁ#ﬁtifﬁfﬁﬂﬂﬂmq@rﬂfﬂ?ﬁ? F. fERBX 15 PANC— 14 il PHFS AL
?EB@%*PHPSABﬁmﬂNAﬂ% BKF AR PHESA R kKT BERBKF

1 :a, 5 HPDE6-C7 4 4, P < 0.01;b: 5 siNC 4 Fe#%, P<0.001,x + 5,n=3
E 3 PHF5A % RBX1IE[@iE#, PHFSAZE PAAD HA MM SR EZE SRR FEHE
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R MG J1 R K F . 5 siNCZH (0.916 + 0.3243593.000 + 2.5 itk ik PHFSA 864 3 5 i 45 F 3 RBX1 4 M A 5 2a e,
20.000) FL3R , siRBX1-1 41 (0.645 + 0.163;283.700 + 22.000) 13 % 3T A% o4 I B AE R
TR ) RIS FE KT 2 BEAIL; 5 siRBX1-1+peDNA3.1 4 RS2 45 R, 5 siNC 41 (99.03 +3.301) I %%,
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