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CBL I NCK2 # FFa e P (P<0.05) , IRt HIZ ZB#M7 (P<0.01) . 133535 NCK2 BENS 3 CBL A (1L ke 40 i He i Al it
BRIMHIER (P<0.01), £5i8 CBL nld iz RAMEAE NCK2 i ZL @ AN s s TR AR 22,

K48R)  CBL ; R RIS AL X 11 25 B3 ST 12 24k ; ANNIHA ; MR 2%

CBL inhibits proliferation and invasion of breast cancer cells by ubiquitylation-mediated

degradation of NCK2

SONG Xiaoyu', XIAO Bin®, LU Jingrun’, ZHANG Wenwu’, LI Jinchao', ZHU Xin’, SUN Zhaohui', LI Linhai"*

'School of Laboratory Medicine and Biotechnology, Southern Medical University, Guangzhou 510515, China; *Department of Laboratory
Medicine, Sixth Affiliated Hospital of Guangzhou Medical University, Qingyuan People’s Hospital, Qingyuan 511500, China; *Department
of Laboratory Medicine, First People’s Hospital of Guiyang, Guiyang 550002, China; *‘Department of Laboratory Medicine, General Hospital
of Southern Theatre Command of PLA, Guangzhou 510010, China

Abstract: Objective To observe the effects of Casitas B lymphoma (CBL) protein on proliferation, migration and invasion of
breast cancer cells and explore its mechanism of action. Methods Cultured breast cancer cell lines MDA-MB-231 and MCF7A
were transfected with a CBL-overexpressing plasmid and a specific siRNA targeting CBL (siRNA-CBL), respectively, and the
changes in cell proliferation, migration and invasion were examined using colony-forming assay, cell counting kit-8 (CCK-8),
scratch test and Transwell assay. Flow cytometry and Western blotting were performed to examine the effects of CBL
overexpression on cell cycle and epithelial-mesenchymal transition (EMT) of MDA-MB-231 cells, and the changes in the
number of filamentous pseudopodia were observed by rhodamine-labeled phalloidin staining of the cytoskeleton. IP-mass
spectrometry identified NCK2 as the interacting proteins of CBL, and their interaction was verified by immunoprecipitation
and immunofluorescence co-localization experiments in HEK-293T cells transfected with the plasmids for overexpression of
CBL, NCK2, or both. Cycloheximide tracking and ubiquitination assays were used for assessing the effects of CBL on stability
and ubiquitination of NCK2 protein in MDA-MB-231 cells; CCK-8 and Transwell assays were used to determine the effect of
NCK2 overexpression on CBL-mediated proliferation and migration of the cells. Results The proliferation, migration and
invasion were significantly suppressed in MDA-MB-231 cells overexpressing CBL (P<0.05) and significantly enhanced in MCF7
cells with CBL silencing (P<0.01). Silencing of CBL promoted G1/S transition in MCF7 cells (P<0.05). Overexpression of CBL
significantly decreased the expressions of CDK2/4 (P<0.01), cyclin A2/B1/D1/D3/E2 (P<0.05), Snail, N-cadherin, claudin-1 (P<0.05),
and upregulated the expression of E-cadherin (P<0.05). CBL silencing upregulated the expressions of CDK2/4/6 (P<0.05), cyclin
A2/B1/D1/D3/E2 (P<0.05), Snail, vimentin, and claudin-1 (P<0.05) and down-regulated E-cadherin expression (P<0.05). CBL
overexpression obviously reduced the number of
filamentous pseudopodia in MDA-MB-231 cells, and
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migration (P<0.01). Conclusion CBL can inhibit the proliferation, migration and invasion of breast cancer cells through

ubiquitination-mediated degradation of NCK2.

Keywords: CBL; tyrosine kinase non-catalytic region protein 2; E3 ligase; ubiquitylation; cell proliferation; cell invasion
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LI g ot A B A R L B R A R R
B HAEFUBE PO VE T AR . RS Y] I 2E E3
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HEK-293T 4fiffl 7 5 A\ FLAE 41 i 52 MDA-MB-
231 MCF-7 (ATCC, H Rt 4% ) . DMEM
R (b)) G 4R 13 (FBS) | Trizol £ NucBlue ™

Live ReadyProbes ™7l (Invitrogen) . S 55171 5KC
A2 6 it PCR(RT-qPCR)[ A4 T2 (G ) A FRA
Ao RIPA 24k . — Mk HH 12 (BCA) 147 & . SDS-
PAGE H ke e B & \ECL B ik 2% &Rl
% .5xLoading buffer,1xLoading buffer(32 K ). RT-
qPCR ¥ FF % 51 ¥ v CBL 1E 7] 51 % )5 51 g 5'-
TCTACATGAAGTGCATCCCATCA-3', J2 [1] 5|75
1 5'-AAGAGGACCAGGGCTGAAAGA-3'; NCK2 iF
15 1 HIFE41 R 5'-CTACGTGGAGCGGAAGAAC A-3',
5149 %5 9 5'-GAAGTCGCTGGGCTAGTG TG-
3';GAPDH 1E 1] 5| #1751 1 5'-GGTATGACAACGAA
TTTGGC-3', & a5 7514 5'-GAGCACAGGGTAC
TTTATTG-3', (7 MEREYH AR RAF) . siNC,
siRNA-CBL(5'-TCGGATTACTAAAGCAGAT-3") (J™
NI AARAE]) . Lipofectamine™3000%% 44
X 5f & | PageRuler Tl 44 & [ Ladder (Thermo Fisher
Scientific) , A1 4 &-8(CCK-8) ( H AR k2%
W5 B ) , Transwell /N % (Corning) , Matrigel & i it
(BD), fiegi () BETE R & BRI R P 4 A J] 18]
ST G (2 MG E R A TR AR, B FH
PRICREIR AR R A PR R , A5 A
FEPUACRAE N & L b -] e B AL (EMT) $TiA R A
A& BT Flag HAPRE —HT BT Flag HA FR%E—
Pt bt GAPDH—T  R4T Ub—4T BRI A AL Py iy
(HRP)Fric Y L 2E-Ht e (B e 3k 1 G (IgG) 47t
(Cell Signaling Technology) . F T A CBL #i &
(Bioworld ) , %##7i A NCK2 $i A& (Abcam) . His-Ub Jii
LSO I 2 TR R A4 428 pcDNA3. 1, B4 plenti-
SFB- CBL J5i A & Xof Ji %5 J5t A 119 2 A4 15 22 2 Plenti-
puro, pCDH-HA-NCK2 J5i 7 . pLVX-DsRed-NCK2 Jii
Wi . pEGFP-CBL JFURL B X 1o 119 2 ok 2% 1A 1 SR 3 oy
pCDH-CMV-MCS-EF1-CoGFP-T2A-puro(F§ & R
YRHARRATD .

12 ik

1.2.1 #mpaszd {di/1] 10% FBS () DMEM 853538, 1
37 “CS%IRFEL) COL 554 T 597 MDA-MB-231
MCF7 . HEK-293T 4 ifd, F 4l A= K 2 75%g At fiff
JH0.25 Yol B AAR AR, OSBRI A0 25 21
T5E

122 etk BOWEA K MDA-MB-231 4l
PR & 6 FLALT, 2.0 x 10541 , BEHL 43 NC 41 (55 4
Plenti-puro X B BTRL) %k CBL A (744 plenti-SFB-
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CBL it ) 5 O KU MCF7 204 22 6 LA
W, 1.5x10%4L, BEHL A siINC 41 (4414 siNC) .siCBL 20
(79 sIRNA-CBL) . 5% YLRiRs 6 fLAR s i 4y
DMEM }; 35 5 . MDA-MB-231 4 ifg 45 fL A 4 pL
Lipofectamine 3000 &5 .3 pg ki & 6 uL P3000 i
s MCF7 40 s & FL N A 4 pL Lipofectamine ™ 3000 it
.10 uL siRNA, 9% 6 h 540l A & T 5R40
FhARSERESR

1.2.3 RT-qPCR 4= Western blot _[iA 1.2.2 F5 4L 4
MIiFR48 hm  SEHEs H AN IS RNA R RT-qPCR
PAGINAS ZHANAE R Y CBL MINCK2 Y mRNA ik ; fiff
JH RIPA 2 P2 LA N 1) SR T, BCATR I &
R A IR, A 1/44AFH 5 % Loading buffer J5 53
15 min, KM Western blot kil 4520 41 H ) CBL &5
KA, A AT A CBL—41.(1:1000) , fieht ANCK2 —
Pr(1:1000) , %4t GAPDH—$H1(1:1000) , 2 fitd 5 1514
ARG &S EMT HUIARGR & —Po B L 5135
1:1000, 4% —H1(1:2000), FEH0 R —H1(1:2000),
1.2.4 R mS CCK-8 ktomlsmiagsase /1 Hil# L
B 1.2.2 7 YL J5 45 52 56 21 %) B2 MDA-MB-231 5
MCF7 4IfE8, LA 1 10° LR T 6 LA, AN B
PRIHR AT DAY SR 5 1 E 3555, 4% 22 58 FHE [ 2 30 min,
0.1%2 i 25441, 10 min, P BT IF40 0 CCK-8 1
P IR LA 1.2.2 S 42 s BEAL 73 NCHNC 4 (e
2 pg pCDH X} BRJFKE .2 ug Plenti-puro X & JFikr ) NC+
CBL(§%4%2 pg pCDH XJ B JiT ki 2 pg plenti-SFB-CBL
k)41 . CBL+NCK2 4 (#4544 2 pg plenti-SFB-CBL Jit
#7.2 ug pPCDH-HA-NCK2 itk ) , $55% 24 h 5 LA 2x10°/
FLIEEFI T 96 FLAR H , AFLH I B 44 FAT R FLIFAEST °C
FHEFE 0,24 .48, 72 F196 h, Fifif % 10 uL CCK-8 35
TAEESL, 7E37 CFFE 2 ha (B SUG 450 nm

1.2.5 Transwell 2 3a45n) o f it 45 48 /1 % Transwell
NE BT 24 LM, £ T EMA 600 pL 10% FBS fY
DMEM 155545, #8134 1.2.4 H CCK-8 5250 734
il R YL a4 S 2 K FRZH MDA -MB-231 5 MCF7
Y0 ER, LA 5%10%200 uL A _E28 78 37 C R 15 5%
24 hJ K/ INE I N R A 4%2 R FEEFEE 30 min,
0.1 %25 &L (% 10 min, RGBT, 76 s g
ST RS AR H IFRENLLERE 3 IR,

1.2.6 Matrigel & ik 52 BaAbiml dm foAZ 2 4k ) BIRA
Matrigel 3£ i i ) Transwell /N & 24 fLH, 7E B =
JINA 600 UL 10 % FBS ) DMEM 15 3# 55, F 37 ‘CRs 3%
FETICE 2 h, IF AR EPIR S 1.2.4 4R,

1.2.7 AKX fm o K4 m) 4m e B 21 O B K 0 Y
MCF7 4iffidZFh 2 6 FLAR T, 1.5 10741, BEHL/A siNC

2H (YL siNC) (siCBL 41 (4% %% siRNA-CBL) . W dER;
YL 24 h A5 S 2H KOG EZH MCF7 AR, 1000 g 5
L5 min, - P, DUEH 1 mL B2 PBS BE:, F1IK
1000 g B5.0>5 min, 3+ 3, 1 mL-20 “C AR 75% £,
PRI A),4 C eI, FZHARMINA 0.5 mL Fe & 4F
FRIPT Yt TR TR, 37 °C IR 30 min, i il
AR SR I A LI, ORI A 488 nm,

12.8 REFKEE TR R L1228
ZH 55 YL 24 h 5 DA 6 FL A Hh R 45 S g6 2H K xT BE 2
MDA-MB-2315 MCF74iffd[€ -, PBS 5 VE4I 2 k)5
fdFH 4% FH ARG TAN M S 22 10 min, PBS YRR
27K, JH0.5% Triton X-100 %75 fLALEE 5 min, PBS i
VRIS EERIC I 200 L Bl -6 2 PHFRC R 2
K TR, 2 IR EE T 30 min, JH PBS TUESE A 3
K, 200 uL DAPLFRZ YL S min J5 3t A, B T3
EHOCHERE R ST

1.2.9 1P-Figix  BOSEUER IR HEK-293 T 4fifidfh
26 e FE IR, BEHL 3 NC 4 (5% %% 2 pg Plenti-
puro XJ AR FCRY ) (i ik CBL 2 (4% 4% 2 pg plenti-SFB-
CBL JFkE) Y bR 1.2.2, 57 48 h R USRS S21
ZH K HRZH MDA-MB-23 1 4125 A, 1 20 i 4
A BT CBL—$1(1:100) & F 4 CRFIR A
B, A5 uL Protein A #1 5 uLL Protein G J57E 4 “CI& A
HiiE )3 h, 12 000 g #5058 H 1 xloading buffer HiAk
UUE , &k 15 min J5 PEf T SDS-PAGE HLiK , [l 451547
MREIETF 4 CIAAE, th i P RET A G E R A TR A
FR AR A A T4 ST

1.2.10 Sy 20t (IP) 55 % HOW KAk K499 19 HEK-
293T ZHMIHERN 28 6 e KSR ML, BEAL Sl CBL 41 (F%
Y42 pg plenti-SFB-CBL ki .2 pg pCDH X JE Bk ) |
NCK24H (%% 2 pg pCDH-HA-NCK2 JFiki .2 pg Plenti-
puro X} FEJFRL ) . CBL+NCK2 4H (544 2 g plenti-SFB-
CBL JFifi .2 pg pCDH-HA-NCK2 JFok) . e B[]
1.2.2. %Y4J5 48 hfiFH RIPA AR BRI LH AL 1)
AR, IE ] co-TP S5 R 500 wL 4GSR, TRt
PiFlaghps—4i4 g, & T 4 CRFIRE R IMAS L
Protein A il 5 uL Protein G J57E 4 C {&FIHLIEZ ] 3 h,
12 000 g B5.0>J5fd FH 1 < loading buffer B & IITE , 2 Wk
15 min 54T Western blot 743518 H FR4T Flag HA b5
2—$i(1:1000) K452 SFB-CBL 5 HA-NCK2 h32%
HHFRIA . R co-1P S50 T 500 pl 40U AL R 7S
bt HARRS 414 peg, HA PR 5 IE ) co-1P S50 AH
[, J3HC80 WL AHHISHHHNIA 20 pL 5%Loading buffer,
15 min 5810 Western blot #:145-2H Input H SFB-
CBL 5 HA-NCK2pRZE A,
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1.2.11 %9 & K32 A5 23 CBL 5 NCK2 Z 4
¥ pLVX-DsRed-NCK2 Jivki il pEGFP-CBL Jivki 4%
ZHEK-293T4fIFIMDA-MB-23 1 40, EUALGR |-
R1.2.2, 5448 hFi#/INucBlue™ Live ReadyProbes™
RFIEAERE (O, B TR B RO LR A s T e
FHHHENCK2 Fll CBL YO R L

1.2.12 2R TB I e 18 37 2 B o] CBL %Y NCK2 % @ 44
e Fem  BOTHAE K MDA-MB-23 1 il Ff
2 6L, BEHLS M NCK2 4 (5534 2 ug pCDH-HA-
NCK2 fiki .2 pg Plenti-puro % R Fiki ) . CBL+ANCK2 20
(%% Yt 2 pg plenti-SFB-CBL Jii %7 . 2 pg pCDH-HA-
NCK2 Fki) o 44 )5 24 h AR C B i (0l
100 pmol/L) , 43 HIFZEIA CL IRV e ib B 0.3.6.12.24 h
J5 A 4 MR 1, 4T Western blot 348 FH S dit A NCK2
—4Pt(1:1000) K NCK2 & K-

1.2.13 2 &AL 54m CBL % NCK2 & &2 Z ALK -F
8% O R K910 MDA-MB-231 i Jifg 2 Fh =
6 em R ML, FEHLAT R72s G IRZH CRIG YY) ,NCK2
20 (% % Plenti-puro Xt i i KL . pcDNA3.1 XJ HE BT
pCDH-HA-NCK2 Jfi k7 ) , NCK2+Ub £H (%% Plenti-
puro ¥ #& kL . pCDH-HA-NCK2 Jfiki  His-Ub Fii ),
CBL+NCK2+Ub 4 (5%¢ plenti-SFB-CBL ,pCDH-HA-
NCK2 His-Ub Jivhi) ; BOSE A= K ) MCF7 it
26 cmIFFRILA, AL Ry 25 IR R CREE YY) |
siNC +NCK2 2H (% %t siNC., pcDNA3.1 % B 5k
pCDH-HA-NCK2 JFi k7 ) , siNC+NCK2+Ub 2H ( 5 3t
siNC .pCDH-HA-NCK2 His-Ub Jiif7) ,siCBL+NCK2+
Ub 41 (%4 siRNA-CBL . pCDH-HA-NCK2 ,His-Ub Jiii
$i) . HEYYT 48 h{li ] RIPA 2 2 40 P 1Y)
SR, EAEH80 pl 4 A R W J5 i 42 Western
blot K44 2H Input 71 CBL NCK2 % [ (215K 3 {fi
FHA4T Flag bR2s—41 (1: 1000) 4T TP 5256, I8 FH B
Pt Ub—HL(1: 1000) K45 20 85 11 1932 EARcAKF , fifi
FHHbT ANCK2—41(1:1000) K30 NCK2 & FA K-
1.2.14 %t o4 R SPSS 20.0 B A5 43
Mo MHHRPORRIEA FIEZSPE AU 250 MRS , SRS
G Hoy 2555 W BORER FH B r i 22 30K 4]
FEBERH ek . 2220 LUACR T 25530, R LL R
FHLSD. HEIEAS AR oM O £t o3 4
[B]#E (M£IRQ) &7~ , i ] wilcoxon FEAIKIa #7452
A E AL, P P<0.05 AESHAS AR .

2 #R
2.1 CBL#p) 5L 2m Ae. 3 A

F2 5 CCLE W 3 (https://sites.broadinstitute. org/
ccle/)H CBLAEARIFL AN P RIS KF- (BT 1A),
H CBL7EFL MR A4 rh ik , 3 17 CBL

SEFUBME RN | O B R 22 M5 1% Luminal
MCF7 4 ifd o @ AIk CBL, F-7EAR 28R e i) TNBC U
MDA-MB-2314iifffgH: 25 CBL. Western blot 3254
W3 ek AR CBL A FL I A0 A 2 a2 (1 1B) .
FERETE LS o, S B AL L, o #6 38 CBL (#)
MDA-MB-231 4 ARV i 1 & T [ (P<0.05,
K 1C), T2k CBL 1 MCF7 40T iU SE I % B 2% 1
F+(P<0.01, 8 1D) ; CCK-8 iLZ5 R, 1 FiK CBL Y
MDA-MB-231 4fi ffl i 14 58 8 77 {35 (I 7% B2 (P<
0.01, [ 1E) , #iftk CBL J , 40 e H4 A fit 1 ol 458 (P<
0.01,” 1F), Western blot SLE6FIH 35815 CBL NiEFL
g9 210 ) A G B 11 CDK2/4 . Cyclin A2/B1/D1/D3/
E2(P<0.05, & 1G) ; LBk CBL I+ CDK2/4/6, Cyclin
A2/B1/D1/D3/E2(P<0.05, & 1H) ; i N4 A S Hr 4
SRR UUER CBL )5 S BH 4 A L 45 i 2% 42 /55 (P<0.05,
E11.0).
2.2 CBL 7% SUIR SR 2m feL it A5 FodZ 2

B A S IR R 1 R IK CBL G , HRIR M
A 1 495 11 HpC S B 1 B B 40 4 (P<0.01, BT 2A) , R 1K
CBL & , iT R A 5 L BRI BT K (P<0.01, 1 2B) 5
Transwell migration Fl invasion SZ g A5 I 45 5 7, o
FIKCBL G, iEF 2 T = AN AEL H H B2 5 25k
/B (P<0.01, K1 2C..E), fiViER CBL & , 4Lt A2 %% H B
W (P<0.01,E 2D F) ., Western blot SZ55iE I i %
i CBL MBI FE Fbn iy Snail N-Cadherin .Claudin-1
1) 2 35 (P<0.05, K 2G) , [A i 18 I iz b5 &
E-Cadherin A% % ik (P<0.05, &1 2G) ; L 2k CBL i
Snail ,Vimentin Claudin-1 335 (P<0.05, [ 2G) , [A]As}
4 E-Cadherin 95235 (P<0.05, K1 2G) . Y SEFR kYL
A B 2845 1 i 7 i 33K CBL i MDA-MB-231 4]
J 222 R Ph /D T UER CBL B MCF7 4 22k
Fh BRI (E 2H)
2.3 CBL#yAREAR R &G B#%E T

FIF TP MAS i 1k #235 CBL 119 293 T 4T S %t HE 4
I %) 240 B S 7 ol CBL M H AR B A AR 1 43 s 4l
k., 217 SDS-PAGE EERE LUK IR FHRAH (i R I I %
BN AR e T R 2 Y B S8 2 L
Xt 155 588 AT HES CBLAMHEAEHRYE A (BKBE1) 5
T AR B 2 I T GO DR R I KEGG il
B4, L CBL AH EAE IR 1 22 5 i Rl
S SR IR (T 3A) s B ask Al 2 ik Be=3 HLHE
A4 TR 108 26 114 STRING 7EZR -3, & 30
CBL % 1 Al fi£ 55 NCK2 . CD2 #1555 1 (CD2AP) 45 3
AR AR (1 3B) . NCK2AF Ay i S PR I At fi
AR IR — DU AT AR B S Y e AR e (R AR
B e RIS RE . I, FRATTIERENCK2 16
CBL WIRMIE T IR 98
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