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Aurora-B promoting the proliferation of cholangiocarcinoma cells

by inducing phosphorylation of centrosome protein U
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Abstract

Key words

Background and Aims: The mitotic kinase Aurora-B is considered to be a proto-oncogene of
cholangiocarcinoma. The action of centrosome protein U (CENPU) in mitosis is governed by
phosphorylation regulation of Aurora-B kinase. The previous study conducted by the authors’ group has
identified CENPU in cholangiocarcinoma and confirmed that the expression level of CENPU is
significantly higher in cholangiocarcinoma tissue than that in its corresponding adjacent tissue. So, it is
speculated that Aurora-B probably participates the tumor biological process of cholangiocarcinoma
through regulation of the CENPU phosphorylation. Therefore, this study was performed to investigate
the relationship between Aurora-B and CENPU and their effects in cholangiocarcinoma.

Methods: The expressions of Aurora-B and CENPU as well as the phosphorylated CENPU (p-CENPU)
in 10 pairs of specimens of cholangiocarcinoma and para-carcinoma tissue were determined by
immunohistochemical staining. The expressions of Aurora-B and CENPU and their correlation in
cholangiocarcinoma were analyzed in TCGA database. The cholangiocarcinoma QBC939 cells with
Aurora-B gene knockout were constructed, and then, the expressions of CENPU and p-CENPU were
determined by Western blot analysis and the proliferative activity was detected by CCKS8 assay. QBC939
cells with mutated phosphorylation site of CENPU were constructed, in which, the changes in
expressions of Aurora-B, CENPU and p-CENPU as well as the proliferation activity were observed.
Results: The results of immunohistochemical staining showed that positive expression rates of Aurora-B
and CENPU in cholangiocarcinoma tissue were 22.61% and 12.34%, respectively, but nearly none of
them expressed in adjacent tissue. Meanwhile, the expression level of p-CENPU in cholangiocarcinoma
tissue was remarkably higher than that in adjacent tissue. TCGA data showed that both expressions of
Aurora-B and CENPU were up-regulated in cholangiocarcinoma (both P<0.05), and there was a positive
correlation between the expressions of Aurora-B and CENPU (r=0.7322, P<0.05). In QBC939 cells after
knockdown of Aurora-B expression, there was no significant change in CENPU expression, but the p-
CENPU expression was down-regulated, and the proliferation activity was significantly decreased (P<
0.05). In QBC939 cells after mutating the phosphorylation site of CENPU or adding Aurora-B inhibitor,
Aurora-B expression showed no change in the former, but was significantly reduced in the latter, and in
both conditions, the CENPU expressions showed no changes, but the p-CENPU expressions were
decreased; after mutating the phosphorylation site of CENPU, the proliferation activity of QBC939 cells
mediated by Aurora-B was significantly lower than that of the wild-type (P<0.05).

Conclusion: CENPU is the phosphorylation substrate of Aurora-B in cholangiocarcinoma cells. Aurora-
B promotes the proliferation of cholangiocarcinoma cells probably by phosphorylation of CENPU.

Bile Duct Neoplasms; Aurora Kinase B; Centrosome Protein U; Cell Proliferation
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I R R gy AL, O ISR IR YT SR Ak 2y
Py 6 T RS 9 1 By 96 BIF 5T A EE I R 3 S
Aurora 4 Jiff J& — 25 5 B OR ST 1 22 SR/ 3 2 TR T I
i1 Aurora-A . Aurora-B Fl Aurora-C 3 /> W &Y 24 it
Aurora 3 B2 5 40 PO AR B BB B L 2 R AR
) 20 2B R AR E P L YR A Tk B R b AR SR 4R AT
TEW AL 3 %, Aurora-B 5 INCENP . survivin Al
borealin &F H: il 3 Ff Y& {4 K 3f¢ & 2 11 A DU R 1A,
FEAT 22 4y 5445 22 0 RS 1) 1E ) 2 A0 vh i 3 224
Y REWFFRTIE M, Aurora I A R AE S N T
BRI AR E M, R B SRR R S W I M T
3 275 e A S B RN G AR oy B SR, S Bl i Ay Al
R NN TG = RSP G o A B U e U
T, B9 Aurora-B 5 I (1 & A= K& AN EE
BA K, JFH B4 —A 8B
SR Aurora-B 7F I A5 98 h Y SR 238 © gE s,
{9 Aurora-B XJ JH 898 09 PR #5422 4 DL HGGE .

BHHREMU (CENPU) J& 345 22 K0 HH OC M 45
B R ER Ay, WF ST UESE CENPU 16 22 5 Z4 i e (4
o Brh B T EEMIEM, CENPU O 9% %
JE K Aurora-B 75 3 B BE 2 AL AE AR 2 —1 . A&
PR T Hi I IR A g o 0 28 CENPU Y 25 Rl |
3 3 I PR s B PR A K T BT IR & B CENPU 76 IR 8 9
R IR KB B T N s s a4l R A
sIRNA $7 A ¥ I 45 9 QBC939 41 i CENPU # i, %)
g5 R o I 20 R Y AE sz B AR, R OR
CENPU FJ fi& b IH 45 988 & 2E & J I A DG 3L R0, A
W, 254 MRS P Aurora-B 53 23k DL K AT %
CENPU #§ /2 1k , 1 Aurora-B W] fig il i CENPU [
8 2 A ok V8 s IR s 1 k2

1 #MREFE

1.1 RRALEE

FH %095 20 AL B2 46 I Aurora-B 4 . CENPU 2K 14
DL K Bl 4k CENPU (p-CENPU) ZE I35, WodE
10 {51 JE 457 985 FB 35 B4 b 93 2H 20 R0 S X 1) IE 98 55 4
2, A S5 0 08 g AR A A 4 AR S R TR
B A RAAE 65 CHYKE A T HEHE 30 min, SRS
W BB A e W 2R P B ES 30 min,  JFAE 100% &
75% LBEP K G KB RREARBEMAET Ix 2=
Jiz DU 2, TR (9 46 & BT R 100 °C 2 36 30 min, iR %
H, SRJE H 3%H,0, 5 1] 5 min, B H 5% 1L B A
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15 min, Aurora-B (1:100, Affinity, Cat#AF5361),
CENPU (1:50, Affinity, Cat#DF2320), p-CENPU
(1:50, Abcam, Cat#ab117078) i iKW F 4 C i
W, SRIG I AR B P g, 3% A 7E s
DAB Y4 8,5 min, R ARG Gy, of P A i A7
Ao BB TSI EE . THC PF5
K FH BH P 20 M D7 3 F0 4% €005 3 T 4 SR, BH % 4
MIVE 4 1% (1%~24%) , 2% (25%~
49%) , 39 (509%~74%) , 49 (75%~100%) . Y
BaREMN 0 (KfE56) B34 (RHEO ., fHif
FREE) .
1.2 HHpaLESR

JIH 4% 968 40 D 22 QBC939 4 il 1 K T ATCC, Jf
W 9% T & 10%FBS (GIBCO, Cat#10091-148) F1 7
HEBEEZR (100x ) (GIBCO, Caw#15140122) Y
DMEM (GIBCO, Cat#1868985) ¥i#Wih, & T &
5%C0, M8 4 70%~80% ) &5 3% /5 b ( =,
CatfMCO-175) , ¥EFREEH 37 C. WFRERE 3 K
T 1Kk
1.3 BRESHAHNER AL

Aurora-B [fY) shRNA 07 51 thy | 165 5% D1 3 A= )
BABRA A, FH BRI P9 U1 Age I F1 EcoR 1
(Cat#R3552L Hl R3101L, NEB) £k ¥ 1k LV-013 %
W, ISR F O E . R E WL R
FFEZ a0 prh, I PCR J7 ik B PE v pe . ]
EndoFree midi it k7 X # & (Cat #DP118-2,
TIANGEN) 4 B = 46 B2 i by . 14 i CENPU B 2 1t
L (IRER78) RIE RS T, HRAE
FAE 28 48 CENPU B¢ & 3] 3% 1k 404K LV-013 H1 (LV-
013 # 1K 5¢ 4 44 &% . pCDH-CMV-MCS-3FLAG-EF1-
copGFP-T2A-Puro) , R 4% PCR il /5 2% S by 8 HE 4 %
K 34K LV-013-CENPU . 7£ 6 LAl H 1% 3 QBC939 4
M, & 2408 Rl A Ik B 80%, ffi I Lipofectamine
2000 (Thermo Fisher Scientific) ¥ Jii F7 %5 Ye 2| 4 Jif
o BEFE T2 h e, 7R E OO0 B R WES GFP
ZODOCRIREN, IR RACRE, FHYAE=
ghfak e A (GFP)  BH M 40 Mg %/ = 20 i % x
100% .
1.4 gRT-PCR

Wi 4 40 B9 DL 2 000 r/min 850> 5 min, 2% E
TEW, A UTUE S N T mL TRIzol (Sigma), Jf
HR 35 TRIzol B i B $2 B AL RNA . KF RNA UL 3E 14 ff
TE JC RNase Jif /9 7K b, - fd Nanodrop100 43~ Y Yt
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# 1t (Thermo, America) 73 #0152 £2 B RNA 19
WM e, RiE hiscript QRT-super-mix ( Vazyme )
19 38 B 45 RNA 3 5% 5 & i cDNA ., % it SYBR-
Green-mastermixs 2 7] £ B 2R il £ qRT-PCR JFRIVALN
Z, a4 . UL GAPDH NN B M, 14
Rk i, 2790 U3 & ML D W M X 3R 6 . A
SIE E /D 3., PCRICI & 1F K. 95 C AR
£ 1 min, 94 CAEPE10s, 60 CiB k30s, 55 CfiE
2 1 min, Aurora-B 5| ¥ 9 L 3% /¥ 51 . 5-TGG CTC
GGG AGA AGA AA-3', Fiif J¥ 51 : 5-CGC AGG
ATG TTG GGA TG-3',
1.5 Western blot

A M AR, BT 4 Crk L E4
JiL5€ 42 5 i o A0 B 2L BE B A 12 000 r/min T B L
10 min, #RECEFE A MA 1xSDS FFEZ whi . &
F1 i (20 wgflane) 4 10%SDS-PAGE /3 &5 J& %4 # |
PVDF JIE I o FH 3 P& 5% RS 4= W5 ) 1 x TBST %
W, BFEREIR, RIE LR, Bk,
£145 CENPU (1:1 000, Affinity, Cat. #DF2320) , p-
CENPU (1:1 000, Abcam, Cat. #ah117078) LI &
GAPDH (1:3 000, Bioworld, Cat. #AP0063) , 7E
ACTKAIF T T . H IxTBST ¥ 3K, H Goat
Anti-Rabbit —#T (1:3 000, Beyotime, Cat. #A0208)
4 CWHE 4h, BFUEE 3K, J Immobilon Western
Chemiluminescent HRP Substrote iR 77 & i {0, 5 2]
FAH, A
1.6 CCK83LIfy

CCKS 32 46 1 QBCO39 2 Jits 84 5 76 4 . 7E 96 fL
e A pE, AHL2 0000, EE 72 h, HALIN
A 10 wL 1x 10 He ] Kit-8 7§, W H 4 he 7E0.
6. 12, 24, 48 hf A EE AR A0 2 450 nm P K AL 1)
WOGEEAE, RIS R
1.7 GitFEE

21 i S 00 BOHE B A E D 3 R ST A TR R S,
BOPE D80 « bR 22 (8 +5)F7R o JH SPSS 20.0
I GraphPad-Prism % {4 7.0 #E 45 G0 1150 1 o e A 56 b
2R, P<O.0S HERBHRITHE X ..

2 # B
2.1 Aurora-B#1 CENPU ZEfE & E Ry R %

J T W) 4K 1 Aurora-B 1 CENPU 7E I 45 %
WIVEH . 8 5ok F e 4l Ak D7 e ke I T e A1 7F IR
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G Iom s AL b Rk R BN, Aurora-B
CENPU 7£ JH 38 J el 2 359 45 263k, BHAPE R 53 518
22.61% 1 12.34% , i 759 55 AU LA R b
(1) o DN TCGA B4 "k 4 vy B d 3R W1 17
98 ' Aurora-B il CENPU Y |8 (8 2A-B) . It
A, A RYES M BN, FEMEE P, Aurora-B Al
CENPU B9 2 ik 7K °F 2 IE A1 ¢ (r=0.7322, P<0.05)
(El20), #F—Frmpdaibnbrxm, S5
AUL e, A A 9 MR 41 40 p-CENPU £ 3k 1M,
$& 7R Aurora-B 5 CENPU B% 2 fb Z [0] £7 75 ¥ 76 1Y
BA .
2.2 Aurora-B &g Xt BB & ¥% 40 B 3 55 #1 CENPU %

i3t = 0pA|

N T 8 9E Aurora-B 1E BH A 9 AR 9 VR A K L AL
L SR e Y 225K B 1) Aurora-B 1 shRNA 1Y 12 95 75
AN T Aurora-B 3 R g s ) I 4 988 QBC939 4l
AR . B S 2R gPCR PEAS T 3 4N #E ] Aurora-B
i shRNA X} Aurora-B f9 @ ¥y &% %, H 45 R R
shAurora-B-2 19 % S e 4 o M, 52 S 4Rk
JH shAurora-B-2 (151 5 4 shAurora-B 2H ) #4741 g4
O 3A) o 20 M58 5 S0 50 1 45 R BoR L R
Aurora-B [t % 3k 0] B I #1141 QBC939 2] ffy 11 14 % R
(1% 3B) o It 4, Western blot By 45 £ I 7/~ ,
shAurora-B 41 #7 CENPU 1) # 2 £k 7K 57 B & A% %5 e
¥ shRNA JF 51 X R4 (18] 3C) o 3 26 25 Sk 1]
Aurora-B AN T JH 48 9 (04 4 it b vl B R IEAE A,
[F] B 3 — £ 1 7T 68 5175 5 1 48 98 v CENPU 1Y W 12
oA k.
2.3 CENPU BEER K {i /= 32 T Xt BB &5 6 20 A 15 38 A

CENPU BEER 4L I 52110

N T 878 Aurora-B 5 5 1) CENPU il i 1k 7 I
TR M IEEAEN, - 2mET
CENPU #2167 5 (The78) 284844, J HIAH I Y
16 55 25 A0 AR 55 L QBCO39 4T, [W I L CENPU B 4
R QBCO39 4f i /E Jhy BH P X e 38 ok R 5% 12 5 5 4%
K I GFP R (A5 R 1 RaA N 00, I3 I8 A
PR (253805 %) . CENPU-WT (74 40) F0
CENPU-MUT (R fk A7 55 22 A8 1K) #E QBCO39 41 fifd
B YRR (K14A) . 25 B8, CENPU (IR
FLERBAISS T Aurora-B 175 5 ) CENPU B2 fk., H R
A 5 Aurora-B 1 il 5 AL /E H , 1H Aurora-B 1] i
FIAE B A 6] Aurora-B 93635, CENPU 5 2 1k A 1
SEAEXF Aurora-B R IRTCH M (J514B) . CCK8 1Y 45

=03
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& 8 10 B/, % Aurora-BE 38 £ 4 & B Uk B (R 3k B8 8 40 M3 78 el 1F AL #F 913

IR, # Y CENPU-WT A4 20 it 5 7 H 186 5 1) 1 7 (P<0.05) (E4C). VL 45584580 CENPU B R 1L
W, 3% —1E T RE % W CENPU B 2 1k i Ja Jir 41 41 E AH A g 194 A Pk O A A

e

g

A
X400 X200 X400
Sl Y
‘q; “ ‘}» : = R}‘ 5B v
1o S ."-{ g g‘rﬁ

proii
sl g e o B
AL A: Aurora-B 5 CENPU 7EHE R L SiaasdH i 2k
TR A A S5 HEU P A

Figure 1 Immunohistochemical staining for Aurora-B and CENPU  A: Expressions of Aurora-B and CENPU in cholangiocarci-

& ki
&3 >

noma and adjacent tissues (x400); B: Expressions of p-CENPU in cholangiocarcinoma and adjacent tissues

Wilcoxon, P=—1.9e-6 — Wilcoxon, P=6.8e-08 P=1.09¢-08

R=0.7322

2 TCGAHIEEHRSH  A-B: Aurora-B (AURKB) 55 CENPU 7EAHE LIS I3 IA R TS5 IE R 4180, C: A4l
411 CENPU 5 Aurora-B [ 2635 5 1EAH
Figure 2 TCGA database analysis =~ A-B: Higher expressions of Aurora-B (AURKB) and CENPU in cholangiocarcinoma tissue
than normal adjacent tissue; C: A positive correlation between CENPU and Aurora-B expressions in cholangiocarcinoma
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914 AR R 530 %
1.5+ 8-
ﬂllﬂﬂ P<0.001
ﬁ P<0.05 . :slhitr] -
= L —~ o shAurora-B-;
gé 10 ol ﬁ N shCurl shAurora-B
~ =
E T ._E 44 3
2 0.5
T £ 2l
g p-CENPU -
0 T T ,L ’,5 O T T T
\sC‘\Nﬁota"’ w"—"‘aﬁwxﬁ"‘aﬁ . 24 h 72h  96h GAPDH - - c

B3 QBC939 ZHAf Aurora-B & B SLI&

A: qRT-PCR Kl 37> shRNA B REBRZCE ;s B: CCKS 74 Aurora-B 25 [A] wil Vs Xif
QBCO39 ANNIHEFE A2 ; C: Western blot KM Aurora-B % [K
Figure 3 Experiment of Aurora-B knockdown in QBC939 cells

ST QBCO39 4iiJifd CENPU Fll p-CENPU &3k il 501
A: The knockdown efficiencies of 3 shRNAs evaluated by qRT-

PCR; B: Influence of Aurora-B knockdown on proliferation of QBC939 cells detected by CCKS8 assay; C: Influence of Au-
rora-B knockdown on expressions of CENPU and p-CENPU of QBC939 cells determined by Western blot analysis

= |
= = =) = 81
= Zx =_ Eg o
g) - - o QO o M= > QO o &= SpitsEs
XJIEZH CENPU-WT#H CENPU-MUT#H =2 £ EZ E% Lo wr
0a =28 @ =28 N ¥-CENPU-U MUT
U+ O+ O+ O+ S
S
. . - Aurora_B - — - % 4_ F
it z
. = 2
CENPU | i e— a— o -
p-CENPU — — -
- 6 0 T T T T
24h  48h  72h  96h
A GAPDH | D S G- | c

4 QBCY939 Z0 Al CENPU BB 1L {if &=
CENPU-MUT 20 1255 23 7% 42 20% (1 x 200) 5
QBCO39 4}y Aurora-B .
Hagy

Figure 4

1323 5 Aurora-B #7256

CENPU Hl p-CENPU () ik

A TOCRAGH ARKG I XY HBH . CENPU-WT 41

B: DMSO 5 Aurora-B Il il 4b BJS , 7647 5 JC CENPU i iR fb 37 55 545 11
C: CCK8 Kl s Jc CENPU B2 Ak A 15 58 A8 11 QBC939 4H il 1)

Experiments of phosphorylation site mutation of CENPU and Aurora-B inhibitor treatment in QBC939 cells

A: Fluorescence imaging assessment of the lentivirus transfection efficiencies in control, CENPU-WT and CENPU-MUT
groups (%200); B: The expressions of Aurora-B, CENPU and p-CENPU in QBC939 cells with or without phosphorylation
site mutation of CENPU treated with DMSO or Aurora-B inhibitor; C: CCKS8 assay for proliferation abilities of QBC939
cells with or without phosphorylation site mutation of CENPU

Aurora-B /& Aurora ¥ il 2 J5 1 3 > L Z — ¢
HAr Pz g, BTG, 56 %
YRR . TR, Aurora B S AE R & A
K AR Ok R 2 BT EE . R 2R
KI, mmwBﬁzﬁ%A%%ﬁ¢%ﬁ%ﬁ%%
BIFLS, X om Y H S i i kA kR R T
Eﬁ%ﬁomm Shen 28" G 1A 22 43 Z4H 5 1R
(AL 45 Aurora B4 . survivin Al p53) 78 B4 &
(19 3R R A W) 2 T ae o AT BIF 58 LR 1R 37.8%

{18 JHF PN JIEL A6 9 S8 5 1) 98 AN DN A7 A6 45 Aurora-B (1 33
JERIK, A Aurora-B (1935 5 s 4 R 2 o] F7 1E
ﬁ%ﬁ%ﬁﬁ%%imon@#mﬂﬁ
Aurora-B 114 1 P4 J2 =l /) 20 M 1t 68 4 if % 55 A2 2 1
SN B — A R AEFE AR NI 5 R o Ding 45 1 B
571948 78 T CREPT/RPRDI1B FlI Aurora-B 2 [i] it #H T

Ve, 25 3 Ui B Aurora-B BE 4% 42 #F B 982 40 MU /Y
G2/M JE 31 e 4, ki fie E B s A DR . Nie 5U1HA

% B Aurora-B 1E 5 95 H B LT 5L A T iig
HIRE 0% 38 I TG A0 MY 3 A OC 25 H eyelin D1 Y R
BEHEMBE RN FIER. B—hm, #klz
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BUME, 4 : Aurora-B Y5 B £ 0 E 1 USR03 BAE 40 MU &Y LB 5 015

MRS R B, Aurora-B 75 5 19 85 R 1k A8 N\ 289 E 1Y
KRG R CEIEH . — TR R R,
Aurora-B 1 DL 3 BL 4295 5 MYC RO B IR T e 3k
ik, N5 mye JE BL— S5 [0, 2 F T 40 f
I 1 & A Xu SN Aurora-B 75 3 (1) Ser27
PSR HIAB R E S M AL kR RS TH
BLAE R, T — T B AT 8% Ras-ERK1/2 {5 5 18 [
ml, REC LA m YR B8 T Aurora-B 7£ il
BT SR AR (R E R A e R A R R
) HARAE A ANTE K -

2006 4F-, Mellone ™" i ¥k & Bl T CENPU,
H X HE R oM KLIPL . PBIP1 8 CENPU/50., FJ5 Ao BF
¢4, CENPU X IF 8 40 i ok i AN 2 W5 1, 3
TE 25l AR B 405 0 A2 0 1 DL, % 2 B AR By Ok 4
R Yo o, PR 4y B8 2 AT 1P EAh, AR SR BIE S
N BB K& BT CENPU 7 £ Flt N J& 98 0 b (1 1 2245
IR I R | N W N
T ST FUMR T R g RN A g

EAMR R R, SEZHLMIL, Aurora-B
A CENPU 78 045 98 4L 23 b i 3k K- 348 LE I
B RIS i 40 B TP Aurora-B 1Y 2% 35 /KT 1] B
254007 BH 45 98 40 i CENPU 4 B % 4k . BF 5% B
CENPU 5 Aurora-B # itf %) 1 5% W 25 2200 5 U8 10 3%
¥, Ho CENP-U# 2 5 Hecl 28 B4 8 2 4 ta {4
H R S5 UE W AEY, T Aurora-B {8 1 T8 1
BRSO MRS A CENPU 5 Aurora-B 3
fitg 1 2oF IR PR Y iR e T 2 h Sk
e o (R gy B a5 3k PR R e M DL AR
f R gl B H A 3E o, B % kA AY . 5l Hua
A5 S A A I8 S I IE S CENP-U 7 E 47 2243
248 17 B E Aurora-B 3 B 19 B R 1k A7 55 Ser™ Al
Ser’™, ZANHWFFE 45 FAIE 5% BH A 95 40 M0 P Aurora-B U4 il
Al LLR 4% CENPU 8% 2 1k, #1240 19 ML i iF 92 3% W
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