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Ubiquitin-conjugating enzyme E2C regulates the progression of hepatocellular carcinoma by specifically
binding to B-tubulin

LIU Meng”, ZHU Yi-qing”, HUANG Jin-feng, XIAO Bang, CHEN Mei-ting, WANG Fang’
Department of Medical Genetics, College of Basic Medical Sciences, Naval Medical University (Second Military Medical
University), Shanghai 200433, China

[ Abstract] Objective To screen the substrate protein of ubiquitin-conjugating enzyme E2C (UBE2C) and to explore
its role in the progression of hepatocellular carcinoma. Methods An overexpression plasmid of UBE2C was constructed with
Halotag and was used to infect the highly metastatic human liver cancer cell line HCCLM3. The UBE2C binding substrate
protein was precipitated by Halolink resin and identified by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and mass spectrometry. UBE2C was overexpressed in human liver cancer cell line Huh-7; the effect on the expression
of its substrate protein was detected by quantitative real-time polymerase chain reaction (qQRT-PCR), Western blotting and
immunoflurescence staining, the effect on Wnt signal pathway was detected by cell nucleoplasmic separation combined with
Western blotting and TOP flash/FOP flash luciferase reporter assay, and the effect on the expression of Wnt signal pathway
downstream genes was further verified by qRT-PCR and Western blotting. Results The mass spectrometry analysis of the
differential band of the Halotag coprecipitate obtained by SDS-PAGE and silver staining showed that the substrate protein of
UBE2C was B-tubulin. Compared with the control group, overexpression of UBE2C had no effect on the expression of B-tubulin
in mRNA level in Huh-7 cells (P>0.05), while it significantly decreased the expression of B-tubulin in protein level (P<<0.01).
Meanwhile, overexpression of UBE2C promoted the entry of B-catenin into nucleus (P<<0.05), increased the luciferase

activity of TOP flash/FOP flash (£<<0.01), and enhanced the expression of the Wnt signaling pathway downstream genes (c-Jun
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N-terminal kinase [ JNK ], cyclin D1 and matrix metallopeptidase 7) (all P<<0.05). Conclusion UBE2C contributes to the

progression of hepatocellular carcinoma through decreasing the expression of B-tubulin in hepatocellular carcinoma cells by

specifically binding to B-tubulin, activating Wnt signaling pathway and promoting expression of downstream genes.

[Key words | hepatocellular carcinoma; ubiquitin-conjugating enzyme E2C; B-tubulin; Wnt signaling pathway
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12 24545 BE2C (ubiquitin-conjugating enzyme
E2C, UBE2C) iz R45 G B2 ZEM 01, W id
it 5 AR R B R S R s S S S
HAZ AR RS, SET e A i shi s h & 45
AR, BT R 5 X 20 3% ( The Cancer
Genome Atlas, TCGA ) £k 5L A AU - 21 41 5%
ik ( Genotype-Tissue Expression, GTEx ) %4 & 1
Y B o, UBE2C 7EFLIRE . 45 A
Jei . FTER S B a5 27 A R ) IR A T
H5BE WA RBUSHIIAE " . UBE2C £
INREHS YL AR AT e v, R E G H R . AR/l
T g R B AR N SRR &R R
Wei %5 AF 5 R B, AT EG IR 55 4 SURNIE I 20 A
%, UBE2C 7} 4L 2URUI-Ji 40 0 28 b 23k 1l
HAgRARAG . DL EWFIEE R $E/R, UBE2C j&
—ANEEEEEN, 2 5 2R I A
K. AR H AT UBE2C fie 8 1 FH B s 5 AT A
BETRAN, XTEARSFHLH S 2 IR NE S5 %
BN+ B . A 52 Hl3E 1 Halotag HLUT3E
S M E FFEE A Hh UBE2C $RR 45 & Y R
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JFEE 40 22 HCCLM3 . ARG ' 4 ifd 2 HEK293T
¥I [ rh EREBE DA, ALK E R
DMEM i 72 H1 FBS 211 [ 24 [ Gibeo 23 7,
HRR. BER. O T TR N 3
H D E R A RA L, JRFAR 3000 K7
FI i iR 2 [ 52 [ Tnvitrogen 23 H], RNA 4l
#2147 TRIzol RNAiso 14 [ H 4% TaKaRa 2\ F], #{
e ' 7 il 4T A5 5 RS I 3 5R) & H 92 [E Promega
s, A AR s 2 il iR & W 56 [E Merck
Millipore 23 7], B- A HE M. HE A H3 . 44
# % [ DI (cyclin D1, CCND1) | INK 47 & %
W HEE CSTAR], B-BAE PR A g
AR FR N R, GAPDH i /Al [ 5% [# Santa
Cruz Al

1.2 Zmfn iz fr it £ ik UBE2C Wy #a 4kt it % 49
ME AN 10% FBS ) DMEM 5550, & T
37 ‘C. 5% CO,. WWFNREE R FRA PR, %
Pl 2] 6 FLAR [F) 55 55 I 5K 3] 60%~80% fill 5
i) Huh-7 4RAEH A% 5 2% ( 9 [E ThermoFisher
Scientific A ®] ) , WAL 7 00 1.5, 2, 2.5,
3 ug/mL, 3 dJEWiELEIE Huh-7 4/ 4388010 i
R R 2 ng/mL., UBE2C i ik 18k 75 Skt 18
kRl R AR T TR s 7 N S 1 S /N s 71 1 4
“}j LV-UBE2C I LV-Control, {2445 310 1 d, #
3X10° AR E] 6 FLAR, PRIER YL E A
&R 50%~70% FFAb T X E AW % Yy i 4
BEREFR, T B FLARME A 30 pL AR EEAT 1 pl 9%
BEIORGR, 24 h R4, ROLAIM 3 d 5 A RS
B, MO IR, RERAEANM LA, 1A
J&5 FFH qRT-PCR I [ 5T B30 55 55 36 Uk 7% s 7K 1
FAE IR FRIREOR . BE A 1) 20— 73
FWATIRAE, —HBr T IREsR.

1.3 Halotag F 4% % B 5 i o 41 43 3 H 4 i
UBE2C-Halotag fil &5 £ 1 Fl Halotag 7 %5 Y JBURL 5%
YL HCCLM3, 54t 72 h )& JH ¥ ¥4 () PBS & 41
e, £ 4 ‘CF 2 000X g &[> 5 min, F-f% PBS; 7F
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1 ( ZE[H ProTech A ) #H4750HT .

1.4 qRT-PCR #ilA8 % A B ey &ix  ff ] TRIzol
T B B RNA L Fe R i sia 7) 4 #A U B
4 L cDNA, L) cDNA Jy #i 4, i F§ SYBR Real-
time PCR i 7| £ 7F StepOnePlus 5 B} 2% 6 & &
PCR & 4t (3£ [# Applied Biosystems 2 7] )
HATY R, SIWFESIWM T MAEE A IER S Y
5-AAGATCCGAGAAGAATACCCTGA-3', 5[4
5"CTACCAACTGATGGACGGAGA-3'; UBE2C iE[f]
5|%) 5"TCAGACAACCTTTTCAAAT GGGT-3', &
M54 5'-AGCGAGAGCTTATACCTCAGG-3'; JNK
EM 514 5“-TCCAAGTGCCGAAAAAGGAAG-3’,
I 18151 #) 5'-CGAGTTCTGAGCTT TCAAGGT-3';
CCNDI IF 7] 5| ¥ 5-CAATGACCCCGCACGATTT
C-3', JZ In 5] ¥ 5-CATGGAGGGCGGATTGGAA-
3’ 4B AN 7 ( matrix metallopeptidase 7,
MMP7) iF 16 51 %) 5-GAGTGAGCTACAGTGGGA
ACA-3', [ [a] 5| #) 5"CTATGACGCGGGAGTTTA
ACAT-3'; B-HL 3 & [ 1E [ 5] # 5“CTGGTGCC
TGGGGCG-3', & I 5| ¥ 5“AGCCTCGCCTTTGCC
GA-3', BEMFEARTES 3K, SR 2 it Bpndt
PRI TR E 1 5T o

1.5 ZORpiEEanigitxakis IEH
Mo, #F vk b, A 200 uL RIPA 45 14 24 i 9 Al
2 uL & [ fig 40 1) 5] PMSF, 4 °C #% /K i & 5 min
Ja @ 4B, WSCAE AN R, 4 °C 17 000X g B0
8 min, HX I-7% H BCA WLk Il 28 vk B . B A4S &
% 1 bk, 47 SDS-PAGE, 200 mA 1 i %% i, H]
5% JERE WS # 7 W = IR B A 1 h s A A B-
BWHEM. 1M H3. CCNDI, INK, B-BCHE A,
GAPDH §ifAT 4 C T E K. H TBST YN
AARN 8T, SR 1 h 5 TBST % 3 K.
FIIHT Odyssey £LAM oG UG FR G A & 120
SRIE, TR H M A RA A e T,
1.6 iR flE kA FE W UBE2C i HKIEN
Huh-7 4 A% B8 Huh-7 4 4 7 35 5 i 4k
RSB A L, K 12 h 5 2BR LW, H PBS

e, SRIGTEEIR T H 4% 258 WV A I 22 4 it
30 min, A, PBSIHUE3 . MIA 400 pL §7]
LR E T 10 min 5, 7= A4TFLM, A 400 uL
B E R E A 2 he INADL B- TS B R SO L
R (1 = 50%kE) 4 °CWENRHK., IR, PBS
YUk 3 5, JH Alexa Fluor” 555 #nic i 1L £
IgG Ptk ( 3EH Invitrogen A F], 1 : 2 000 Fiks )
BN 2 ho SRR, H 0.1% Triton-PBS 15
1R, A DAPI =i H 10 min, Z:F% DAPI, H]
0.1% Triton-PBS {f ¥t 3 IX, #FIK 10 min. ffiH] Carl
Zeiss BT UEL A LI IR

1.7 REKFEHREAREZE A TOP Flash 1
FOP Flash JFT k7 1) TCF e & K Bk i) &0 3 2
[¥ Upstate Cell Signaling Solutions 7 . K 4l ffd £
FhE) 96 FLAR, YL it i Ml A B2 R 70% FAb T X
FHAERKW, S TIE B- BRI AR SR TEYE, FHRR
143000 655 4175 5 ( TOP Flash ) 82875 %! ( FOP
Flash ) TCF J b 3% K W2 5 2% i i) i 2 AR Fn
pReceiver-M02-UBE2C Jii 7. ( 2 [E] GeneCopoeia 2
Al IR &) BRI 55 Y HEK293T 40 . o T4
DI e 0%, B R FE i 5 3R IR B OB R B )
phRL-TK X F 5 ki ( 3 [5] Promega 23 7] ) 5% e
Yifl. FYL 6 hm, it od iR, okt
YL 48 hfm, FEFEFRWL, 11 100 uL PBS Uk 1 %, {5
#E o6 Lk, T R4 PBS. TG &K BT A
FRE PRGN 22 0100 2 A vkt K ORI B 9 G R T
(TG, AERT 2 22 G 1 R AR B 2 G 2 &
PEATARE L . A SBT3 WK,

1.8 Tmpe & & R F A0 K 4L
L) £ 43 B HE B Huh-7 LV-UBE2C 3% [ 11 Huh-7
LV-Control FJ £ it Ji 2 11 120 A% B8 1 4

1.9 %it5 42 [ H GraphPad Prism 6 #4147
BRI . BIRL X s s, R iR
MSIEAS (K56, R 3 /KHE (a) 2 0.05,

2 # R

2.1 AFfEZmpeF B- B & @ L UBE2C 4 1 454
kM EE WY, 3515 UBE2C 5 Halotag
PR FATR (B 1A) o 4RYZER (& 1B)
7R, UBE2C il & #8415 2 ok 4l L U ve 7=
MY HLIK G RAFAE 25 50 5500 o 28 400 B i 4 2R
(£ 1) B, B-EHEH S UBE2C A TEFR: =k
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Fig1 Schematic diagram of UBE2C expression plasmid fused with Halotag and results of protein electrophoresis

A: Schematic diagram of the Halotag-labelled UBE2C plasmid structure; B: Silver-stained SDS-PAGE gel of proteins
immunoprecipitated from HCCLM3 cells extracted by Halotag-labelled UBE2C and negative control protein. The arrow indicates the
region of the gel excised for mass spectrometry determination by the liquid chromatography dual mass spectrometry method. Marker:
A mixture of prestained protein ladder; Negative control: Empty plasmid group. UBE2C: Ubiquitin-conjugating enzyme E2C; CMV :
Cytomegalovirus; ORF: Open reading frame; MC: Monoclonal site; pUC: pBR322 plasmid vector derivatives first constructed in
University of California; SDS-PAGE: Sodium dodecyl sulphate-polyacrylamide gel electrophoresis.

22 UBE2C 5 B-# % & G40tk Atp- % 22 A Gt L(0.4940.09 vs 1.00£0.06,
b &AW qQRT-PCR K4 R BoR, fEid3kik  P<0.01) ; AMGyEotss® (K 2B) Bos,
UBE2C 1] Huh-7 4 e 1 B- T8 28 FIFE mRNA K B XTIRA, 3338 UBE2C /D T B- S SR A1 7
(235 5% FRLH e 22 SIS i3 X (1.03+0.09  Huh-7 Zf0M 5 h i /046 . LA E 45 487, T4
vs 1.00£0.10, P=0.81) ; FHHABEISHrZE  Mirh UBE2C AT ARSI A B- S EH, %
B(F2A) R, METXRLY, I HKk UBE2C Wi B- 08 S IFE 4 i8530 4

RIS T Huh-7 AR B- U8 8 AL, HXTIRA

®1 FHEEEHER

Tab 1 Mass spectrometry results

. Protein No. of . Relative
Hits mass peptide Sequence header Link abundance/%

1 50 787.88 6 >sp|Q71U36/TBAIA_HUMAN Tubulin alpha-1A chain OS=Homo Q71U36 39.60
sapiens GN=TUBAIAPE=1 SV=1

2 50 095.16 4 >sp|P07437|TBB5_HUMAN Tubulin beta chain OS =Homo sapiens P07437 29.00
GN=TUBB PE=1 SV=2

3 50451.24 3 >sp/P68104[EF1A1_HUMAN Elongation factor 1-alpha I OS=Homo  P68104 19.80
sapiens GN=EEF1A1 PE=1 SV=1

4 71317.36 2 >sp|P02768|ALBU_HUMAN Serum albumin OS=Homo sapiens P02768 7.70
GN=ALBPE=1 SV=2

5 56 524.69 1 >sp|P06576|ATPB_ HUMAN ATP synthase subunit beta, mitochondrial P06576 1.20
OS=Homo sapiens GN=ATP5B PE=1 SV=3

6 58 518.73 1 >sp|Q6UW63|[KDEL1 _HUMAN KDEL motif-containing protein 1 Q6UW63 2.70

OS=Homo sapiens GN=KDELC1 PE=1 SV=1
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Tab 2 Ubiquitination modification sites of B-tubulin showed by bioinformatics analysis

Position Peptide Reference (PMID)
122 SVLDVVRKAESCDC 22505724
154 MGTLLISKREEYPD 22505724; 23266961; 25093938; 26051181
297 TQQVFDAKMMAACD 20639865; 20972266; 21890473; 21906983; 21963094; 21987572
324 FRGRMSMKVDEQML 25093938; 25825284
336 QMLNVQNKSSYFVE 21890473; 21906983; 21963094; 21987572; 22505724; 23266961
362 DIPPRGLKAVTFIG 21906983; 22505724; 23503661, 26051181

58 YNEATGGKVPRAIL 18781797, 20639865; 20972266, 21890473; 21906983; 21963094

Ubiquitination modification sites of B-tubulin were underlined. PMID: PubMed unique identifier.
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Fig2 Effect of overexpression of UBE2C on B-tubulin expression and cell distribution

A: Expression of B-tubulin in Huh-7 cells after overexpression of UBE2C detected by Western blotting; B: Immunofluorescence

staining showing distribution of B-tubulin in Huh-7 cells (B-tubulin was stained with red fluorescence). LV: Lentivirus; UBE2C:

Ubiquitin-conjugating enzyme E2C; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

2.3 UBE2C *f B- #& & & & #8 % %9 Wnt/B- B & &
e3P HEEBEE g R (&l 3)
R, 1t # 3k UBE2C ) Huh-7 40 i Jfg 5 b B- Bk
EHRBAKESBA R 2R LG8 X
(0.86+0.04 vs 1.004+0.12, P=0.31) , i 240 Jfd
¥ B- BR AR 1A R GA K TR, S0 IR L A
EBH G E X (3.27£0.18 vs 1.00£0.07,
P<0.05) , FWukFEik UBE2C 7] LIAE#E B- BREE 1
AW TOP flash/FOP flash %¢ )it 2 i 4f 4 3 [H 52 56
gE R R, 1F$ik UBE2C 1 Huh-7 40 i 24 % 2 i
T VRO B2, 225 A Gei 2 L (2.03£0.09
vs 1.00+0.12, P<<0.01) , iF B UBE2C X} Wnt {5
S AR

2.4 UBE2C *f Wnt/p- B & G 15 5@ % F ar A B
F ik ey ¥ qRT-PCR LI 45 R (I 4A) BIR,
it # 3k UBE2C J5 Huh-7 41 i8 1 JNK, CCNDI Fll
MMP7 7E. mRNA 7K1 R I8 B 5o nt B4l B, 22
SWEGIFE L (PF#<0.05) o AT

Mrai s (&l 4B) oR, 333k UBE2C 1) Huh-7 4
Jfirh INK . CCNDI1 1 MMP7 7585 14 7K Ry #21k
Bt fel B, 22 RGeS (1.57£0.11
vs 1.0020.06, 1.9040.07 vs 1.004-0.05, 2.53+0.08
vs 1.00+£0.02, P¥<<0.05) . LI L2553 UBE2C
A DL 9F Huh-7 20 i b Wt {5 5 38 % 3% 38 9 Y
ik,

\@\ @'\9
IQQQ R
S S M,(X10%)
B—catenin-l f——— — 92
Nucleus | .
T s
Cytoplasm -
3 @ik UBE2C W{Zi# Huh-7 ZHRE

B- REB A
Fig3 Overexpression of UBE2C can promote
B-catenin to enter the nucleus of Huh-7 cells
LV: Lentivirus. UBE2C: Ubiquitin-conjugating enzyme E2C;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Fig4 Expression of JNK, CCND1 and MMP7 increased with the overexpression of UBE2C in Huh-7 cells

A: mRNA expression detected by quantitative real-time polymerase reaction; B: Protein expression detected by Western blotting.

"P<C0.05, "P<<0.01 vs LV-Control group. n=3, x*s. LV: Lentivirus; UBE2C: Ubiquitin-conjugating enzyme E2C; JNK: c-Jun

N-terminal kinase; CCND1: Cyclin D1; MMP7: Matrix metallopeptidase 7; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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1) G 5z 22 A0 i O ) W AR T R AR S L 2
WA R RS . Tia 25 Y RS R, E3 12
BRI L 5 BRI = e A (R R )
¥ 2 [ peptidyl-prolyl isomerase ( cyclophilin) -like
2, PPIL2 ] AT LAIE i e Sk 4 b e ) B A iy ¢
o TR SR IN F SNATL, {2 1F SNATIL 12 %1k
TR AR B e i, S T 0 LR R 0 e B . AHABL
(4, E3 12 K HeME 3- 85k -3- 3 TR0 i P 1
fiff A if J5L [ ( 3-hydroxy-3-methylglutaryl coenzyme
A reductase, HMG-CoA ) TEilifm L4 1) 3R 5
FIEH 1Y, HMG-Cod i 3% 3K ¥4 & 1= 4983 F&
NAD K20 & 1 2 2 fLE 2 (NAD-dependent
histone deacetylase sirtuin 2, SIRT2 ) Wiz RALKFE,
MR B2 .
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T Halotag F:UTTEH AR o #4ILUTTE Y47 SDS-
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I 7E 8 H K SF RS %3k qRT-PCR #4125 51 7,
B- TS A F17E mRNA 7K1 FRIB VAT i3 . LA
RS SRR s, s AR UBE2C vl LLE it 5
B- T8 B 1 AR MRS Gt B- TS R R

B- A B RS EAR G EE N 02—,
B o A E N BES G E A R,
S5 MME SRR TSR . s . B2
WRAF S5 FEE TG R, MLt T
— PSR A AR, B2 TR E AN, iR g
) 200 B S S0 R s R I S LA 22 AR, T
EEROAMMRMAE I, AR ER, fEHkHE
L B- G AR 1 RS CKE A ] Wnt/B- BX 8 R
S, WTIEZE AT R BB L B,
FATHEIN UBE2C 38 1 B B- 1505 8 1S Wnt/B-
PEOE W, NS S5E0iRE. R
A5 DR 0 S 6 I 240 A 1 B S 45 R
N, TENFE A0 b i 3635 UBE2C WI{R i B- BEEE 1
A, i B- WREE FIE AR h i 2R38, TE Wnt/
B- BEHE M5 S, [Alf, qRT-PCR FIZE 1 R EN 76
I Mras B R, 1 #ik UBE2CHR & T Wt 5 5
B R UFHEN INK . CCNDI1 A1 MMP7 #9555 ATBHIE

25 LTI, FE RN B- T R UBE2C
HEYE A, H UBE2C Bt /5 B- W08 8 1 i [
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