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EZE] BrY: FPER ek 6 W WATEYERE , HF4NMIE (hepatocellular carcinoma, HCC)d7 Fifa fieE B & Ry
85%~90%. HCC HA R . R, AR | B2y MEUS 22 i IE RER S o O R C B 2(NIMA related
kinase 2, NEK2)/2 4 Jfd i B VA7 2 O, 783 2253 24 h i e R 1. s 22 — N E R R i i, 22—
R A AR M R s e X, mT BRI A0 M 38 AE v RE . ARBFSE B AR50 I NEK2 Rk K 5@ 2 R, -5
NEK2 X} 798 1M 22 2 52 S L . 735 M GenAge $:45 581 MR EAHSETE , Mt L K 20 1K1 50 g 122
T #8370 1 HCC i35 g dl 2 SE D Ze ik Bl . R R0 M NEK2 5 58 2 AH SR 1 M 3R 5 00 . >R FH KEGG 43
Hr NEK2 12 635 1) HEK293 4 fifd 2 5 JE A 1) ' AR 3B B . 76 JFHRE 4l SMMC-7721 J HepG2 44 ##: NEK2 3o 3R35 M i fIX
PR E R Y bR, SR B AR Y B- ZUR T A s (R I R 2 A0, CCK-8 YA I e B IE Bl S B0 AG I 200 SR L, 9
FCH MO B A0 SR A, R R B A I p53/p21 . pl6/Rb FIER 105G A | Bl 555K 7 48 1 ] 5 i i 1% 1
(phosphatase and tensin homolog deleted on chromosome ten, PTEN)/Akt {55 4% Sl i AH 8 H R IR Rk il . &R
L NEK2 358 2 Z A IR AT 3201 . KEGG 20T /R 41 i 3 4 553 6 7E NEK2 2 3834 i HEK 293 411 i i 77 7
WEEE. H5ARMINEK2 1 SMMC-7721 5 HepG2 A Lt, @ fik NEK2 ) SMMC-7721 Fil HepG2 % & A L34 fin . 40 i
TR S T O 08, GG AR T 4 LB I, @R 1KY Akt(phospho-Akt, p-Akt) % 2 1K 1) Rb(phospho-
Rb, p-Rb)& 1l RA KT FEAIR, pl6 8 1 287K 7 B i & (33 P<0.05); 556423 (IR SMMC-7721 5%,
HepG2 #flLt, 1 33K NEK2 i) SMMC-7721 Fll HepG2 FEZ 40 /D, A a5 Fn e IR BB S 38, Gy/G, B 4n i i)
D, p-Akt il p-Rb & (58K B THR, pl6 & M ik KT B FEAIR (34 P<0.05). 45i: NEK2 nlfE
i p16/Rb M PTEN/Akt [ 555 Sl B ST AN M B PT 2 200, b NEK2 fi o i o R ARt T3 1 SE ik i, e
AR B [ R YT A TR LR
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ABSTRACT

KEY WORDS

Objective: Liver cancer is the sixth most common malignant tumor in the world.
Hepatocellular carcinoma (HCC) accounts for 85%—-90% of all patients with liver cancer. It
possesses the characteristics of insidious onset, rapid progression, early recurrence, easy
drug resistance, and poor prognosis. NIMA related kinase 2 (NEK2) is a cell cycle
regulating kinases, which regulates cell cycle in mitosis. Cellular senescence is a complex
heterogeneous process, and is a stable form of cell cycle arrest that limits the proliferative
potential of cells. This study aims to investigate the relationship between the expression
level of NEK2 and the senescence in hepatoma cells, and to explore the effect of NEK2
expression on hepatoma cell senescence and the underlying molecular mechanism.
Methods: A total of 581 senescence-relevant genes were obtained from the GenAge
website. The gene expression data of tumor tissues of 370 HCC patients were downloaded
from the Cancer Genome Atlas database. The co-expression of NEK2 and aging-related
genes was analyzed by R-package. KEGG was used to analyze the significant gene
enrichment pathway of differentially expressed genes in NEK2 overexpression HEK293.
The stable transfected cell lines with overexpression and knockdown of NEK2 were
constructed in hepatoma cell line SMMC-7721 and HepG2, and senescence-associated [3-
galactosidase (SA-B-gal) staining was used to detect senescence, the cell proliferation was
detected by CCK-8 method and clone formation experiment, the cell cycle was analyzed by
flow cytometry, and the expression of proteins related to p53/p21, pl16/Rb, and phosphatase
and tensin homolog deleted on chromosome ten (PTEN)/Akt signal transduction pathway
was detected by Western blotting.

Results: There were 320 senescence related genes co-expressed with NEK2. KEGG
analysis showed that the senescence signaling pathway was significantly enriched in
HEK293 cells with overexpression of NEK2. Compared with SMMC-7721 or HepG2
without knockdown of NEK2, the senescent cells of SMMC-7721 and HepG2 with
knockdown of NEK2 were increased, cell proliferation and clone formation were decreased
significantly, the percentage of cells in G,/G, phase was increased, the expression levels of
phospho-Akt (p-Akt) and phospho-Rb (p-Rb) protein were decreased significantly, and the
expression level of pl6 protein was increased significantly (all P<0.05). Compared with
SMMC-7721 or HepG2 transfected with blank plasmid, the senescent cells of SMMC-7721
and HepG2 overexpressing NEK2 were decreased, the cell proliferation and clone
formation were increased significantly, the percentage of cells in G,/G, phase were
decreased, the expression levels of p-Akt and p-Rb protein were increased significantly,
and the expression level of p16 protein was decreased significantly (all P<0.05).
Conclusion: NEK2 may mediate the anti-aging effect of hepatoma cells through pl16/Rb
and PTEN/AKkt signal transduction pathways, which provides a new theoretical basis for
NEK2 to promote the progress of liver cancer and a new idea for the targeting treatment for

liver cancer.

liver cancer; NIMA related kinase 2; cellular senescence; cell proliferation; cell cycle

JHF g 2 UL IR, AR, B R B 4l it (hepatocellular carcinoma, HCC) /& B - £
JoiE N A AR, RHAE R EROHT & i 100 77 H 1M 85%~90% Y, B I IR KR R A R |
), Herbd 2y 5 50%"2 ) H T A0 R 5 R A BT e, BRF . GZMBGEE, & EPBBEA
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A 5 R A W R N VA I R AL, R
SR 2 L 2 5 R A A 1 O R R A 57 B Y Y
AR, E A A e A A AL AN B
. AR —ERN. FREMERE, 40
AR R 5 E M) B-2F FLBE AT B (senescen-
ce-associated B-galactosidase, SA-B-gal)iGiPEF . 4
MR HEFE I VEAZ B0 H] . 4 A 5 7E G, 2R G, 11
G RN R MR I S 2 AR R Y
KA e ok AR b R AR SR o TR T A
5 MR ERR R OCR ,, XTI kAL S
AT AP A R

D K AH SC J B 2(NIMA related kinase 2,
NEK2) /& 7F 22 IR FL 1 - #6) S5 i 25 v 2 00 240 B S S0 0
BEEAME, 82028 IREgiEER . ook,
yetad, HEShAn i E I IEF T . NEK2 ()R8 &
TEREA AR b A8k, G IHFARAL, SR
G, AR In B iE TR, 78 G/M 5 ik A 31|
HY, i RIBHNEK2 BABURMEN , R 4 i
A2 385w . PO TR e 8™ AR SRR AR R AR
WG UE SEAE Z R R Y NEK2 (1938 7KF B
[FIFF, NEK2 7EMHE A& 2E L ity oA R T i &
FLRAE RS, (EE NEK2 45 I A A= & G HL
il AN WA o A SY LU 4 R SMMC-7721 &
HepG2 M ARSMEAY | 38 13 4 37 NEK2 sl S it #3540
2, X NEK2 5 BT 20 M 58 52 00 5C R e AT 00 20
it

1 M EHE

1.1 &

ARG B 40 i 293(HEK293), 98 21 itd SMMC-
7721, HepG2, pLVX-Puro(%s [ i), pLVX-Puro-
NEK2(i:f 3% 1K JiTfr) M 3% #2247 ¥ 1] NEK2 shRNA J7 4]
1) pLKO-Tet-On ¥ Hy R A2 g i 5 T Jfgs e e &5
BAAE; FAZRINE . RPMI 16403535 . Opti-MEM G
MLVE 5370 | JBEE PRI 3 26 [ Gibeo 22 A 5 BT
(% 100 U/mL 5 85 %, 100 png/mL 5555 %) [ 3£ [
HyClone /A 7] ; Lipofectamine 3000 %% 445 4 | 3¢ =
Invitrogen A H) ; CCK-8 I H 32 [& Bimake /A 7] ; BCA
R B AR T2 RN AR R R R e
=RV FARAIRA T 0.2 um PVDF I [ 5 [
Milipore 23 7 ; B 1L H Akt(phospho-Akt, p-Akt)}i
1A (S473) F1 W 12 1k () Rb(phospho-Rb, p-Rb) H {4
(S780)1 [ i IX ABclonal /A H] ; NEK2 Hi ANy F 3 [H
Santa Cruz/y#l; GAPDH. pl6. p53 K p21 fiiikli [

%[ Proteintech /23 7 o

1.2 ik
1.2.1 mpe3sF

HEK293 J M 22 41 M 22 % H & A7 10% [ i 4 1
B 1% WAL R DMEM Bi 95356, SMMC-7721 K L4
RN . HepG2 K 72 20 i R & A7 10% F 1R 2R I
5 F 1% BT HY RPMI 1640 35753, ® T 37 °C, &
5% CO, B FeAfi % 7% . TR AR 22 24 90% i il
G, HBEEARRE, 2R
1.2.2 tmpa sk R 540

4 # pLVX-Puro( %5 11 i ). pLVX-Puro-NEK2
(3 3R 38 i Rr) M 3% 45 4G B ] NEK2 shRNA J7 471 (1
pLKO-Tet-On(NEK2 shRNA) M i # Fe 5 2k 4k, W
W o J5 fdi ] Lipofectamine 3000 4 5 2H Ji ki F1 40, %
iYL 203 T 40, 48 hJE e s, FRBUE G
FRUEWL

B X %0 A= K 9 9 HEK293 41 g & JiT s 40 i
(SMMC-7721, HepG2), 74 JiflikF] 70%~80% fil A
HHERYLRBE o 5595 10 h 5 4B 3 R 0k, gkai sy
F224~72 h, ARYEANDRA M S E LT 7 d,
SRR E R YL AR o #F— 20K NEK2 shRNA 129
BEYL AL o3 R 2 8 4 . — {5 0 % R Dox
72 h LLi% 5 NEK2 shRNA () &1k, 55— A
17ias

# HEK293 43}y 2 4 : HEK293 EV(#% Y25 [ )5
k7)) S HEK293 NEK2 OE(f% Y ad ik Jikr) . MRIGH;
LR (AR R R 5 2608, F R 40 i SMMIC-
7721 Fil HepG2 4% 4+ N 6 41 . 1)SMMC-7721 EV Hl
HepG2 BV, # 4Lz 1 i ki; 2)SMMC-7721 NEK2
OE Hl HepG2 NEK2 OE, % Ytk ik i ki ; 3)
SMMC-7721 NEK2 shRNAl #l HepG2 NEK2
shRNA1, %% 4t NEK2 shRNAl Jf i S £ ik ; 4)
SMMC-7721 NEK2 shRNA2 F1 HepG2 NEK2
shRNA2, %% 4t NEK2 shRNA2 Jf i S £ ik ; 5)
SMMC-7721 Ctrll i1 HepG2 Ctrll, %% 3¢ NEK2
shRNA1 fH K if5 T £ 15 ; 6)SMMC-7721 Ctrl2 1
HepG2 Ctrl2, 4t NEK2 shRNA2{H RiF Gk,
1.2.3 A2 B F M7

M\ GenAge(https://genomics. seSnescence. info/genes/
index.html) 345 581 N3 AHICHEA, Mg iE ik PRI 2
ii%(the Cancer Genome Atlas, TCGA)%UHE 2 (https://
WWW. cancer. gov/aboutnci/organization/ccg/research/
structural-genomics/tcga) T 2% 370 4] HCC f& 2 i Jgd 21
SUWFER R EE, FIH RAHT NEK2 53 EHHC
TR IEFIRIE L
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B F %4 K B9 HEK293 EV 4 Fil HEK293
NEK2 OE # 4 Jfi, #% 18 TRIzol a7 &b B 45 $2 e gh
fifl 5. RNA ., FH NanoDrop2000 £ Il RNA At ¢ J& F1 4
B o KR RNA 2L AR R IE R A R, Ky 45
B9 ARA, ik S5%%(fold change, FC)>1.5H)
FE AT U ER I 5 R 4 E B4 S (Kyoto
Encyclopedia of Genes and Genomes, KEGG)ifl [ &
£ o
124 Zxmia e

SHERFE NEK2 Xf s AN s 2 i sg i, 7e 9 4
2 SMMC-7721 F1 HepG2 H 43!l i AF Al #5345 NEK 2,
FFFIH SA-B-gal XA M AT YL 0, i 4k £ 21 98 4
M2, LA1000 r/min &5.0> 5 min, MEHHUGTE 1210
AL 2.5 10° 441 8557 1 AR EF R,
PBS#E1¥K, MARBER 1 mL, 7EZFE T EE 15 min;
RIFE 5 E W, FPBSYE3 min, T 37K; {244 PBS,
BEFLINA SA-B-gal YL (o i 1mL; 7F 37 “CHFF:46 th iz
B, EEARRLIRE; 7ot B ™ g
Jeta G BUHARE, BEFLIHEOR T 500 NI4T
4
1.2.5 CCK-8 7%

TH A2 2 R 20 LT 50 40 i B 100 pL
T 96 fLAR(1 000 ~/AL)H, FHMTE 3 A FATRE AL,
Hit 6~7H, AR FRAE TS, AR LR FE Y
LN AGE 5 PBS, DAZEFRRREL; 5 H [ i ] bR
15, fnA CCK-8i%71 10 uL J5 FHEE 2 h; i B
S 5 A FLAE 450 nm AR AW BE(EL, 22 il 454 4 i
AR HRZR
1.2.6 % &H s 55

THALA R 4 M OT 8 ISk T 6 FLk
Hr, AL SMMC-7721 4l 1 000 4~ 5% HepG2 4l il
200075 JNsE e IRAR R 12 8 Bl LS
FIPBS V3 ¥k, FHH BER 2 15 min; 545 H g5 H
PBSVE3 IR ; MG HEZ, %S, Y4t 15 ming FHIRGZEK
Vet R, B0 6 FLARM LT X A b
AT, SR IE oR = e A A %< 100% o
1.2.7 2mpe,JB) #0523

THALAE KRS R4 U i, &0 )05
KRS BT, B AN AR K] 70%~
80% [FA I, YUk 12 h, Wi sEdt, K3 12h
JaTHA . BEO IR AL JnTiive PBS 250 uLiR%]
Y, LRI ATCK CEET50 uL, 1RE), =20 °C
UKAE T E 7%, LA 1000 r/min B0 5 min 5 #E F I
W, FHPBS EE4NME, fil10 ng RNATf, # 37 CK
W 30 min 5 L4, LA 1 000 r/min 5.0 5 min &
e BIEW, A PLY A 5 pl K 1= 43 B 22 vl il

95 uL, JRAIEBEOEHEE 30 ming KW XM MALAT
SRV 23 <
1.2.8 & & Fivpidk ik

kit — 2R NEK 2 52 1 JF-Je 40 i 2 & B AL
SR AR 57 BP0 A6 DN e R R ik 6 75 NEK 2 20 3 33
% T A G R PR A AR 1 B SRR KT . WA A 4T 2
i, FH PBS YE4NAE IS N AGE 40 4 i, T
fitJ5 T4 CF, LA 12 000 r/min 20> 10 min, Y4E I
WA 1.5 mL EP4Y . K JH BCA ¥LiliE & H Bk 5
PEATEE B2, F SDS-PAGE HL IR/ BS 8 A o, #%
B2 h, 5% BAE4 0 TaiREH 1 h, IMA—Pi(H
BELL 1) p-Akt, p-Rb, pl6. p53. p21 ¥k 1:1 000,
GAPDH / 1:5000, NEK2 4 1:500)F 4 C FIFH i
&, FHTBST ZZ tfifisive 3, #FIK 10 min, A
Pr(W B LL 134k 1:5 000) F = 3 F % 90 min,
TBST 2 I UE 3K, 4K 10 min, K JH ECL &0
RABH, Image VRIFHT AP IKIE(E, L) GAPDH
SIS AR AR T AR R IR KA

1.3 Geit=abiE

fdFH SPSS 20.0 BTS2 000 TR
KB bR 25 o) B, A BRI R T
2200, RE I T ELER s P<0.05 R 22 5 HAT
Gt

24 B

2.1 HCC fhEA AR NEK2 SR EER L RIE

7E M GenAge #3581 M REEM LI, 5
NEK2 H: £ 5 A 2 A 32040, M (E D SR 5
NEK2 1EAH AT S HEAA 1T 20 132 2 AHOCHE A

22 ERRZFZEAEEFAREARMARTEES
e

KEGG %5 £ i /5 . HEK293 EV 4] 5 HEK293
NEK2 OE 41 4 if 2= S A KL H & AR TR 4 A R 100 . 4t
P B AR SRR S (K 2).

2.3 NEK2 i #I FFEdmpa s

SMMC-7721 NEK2 shRNAI 20 5 SMMC-7721
Ctrll 41 # b, SMMC-7721 NEK2 shRNA2 4 5
SMMC-7721 Ctrl2 HAH L, SA-B-gal Y (o 4 Aty I fk 154
Jin(#4 P<0.05, ¥ 3A); HepG2 NEK2 shRNAI1 41 5
HepG2 Ctrll 20 # kv, HepG2 NEK2 shRNA2 #H 5
HepG2 Ctrl2 ZHAH G, SA-B-gal 4L (0,40 i B & 3 (3
P<0.05, [K3B), W@k NEK2 &3k nl ¢ i T J8 41
[{ONip =2
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Figure 1 Analysis of the co-expression of NEK2 and aging genes in patients with HCC in TCGA database
NEK2: NIMA related kinase 2; HCC: hepatocellular carcinoma; TCGA: the Cancer Genome Atlas.
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Figure 2 Differentially expressed genes enriches in signaling pathway of cell cycle and cellular senescence
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Figure 3 Knockdown of NEK2 promotes cell senescence in hepatoma cells SMMC-7721 (A) and HepG2 (B)

NEK2: NIMA related kinase 2. ¥**P<0.01.

2.4 NEK?2 1% i3t BT 72 20 R+ 58 70 24 R B HR i3t 72
CCK-8 25 /s : SMMC-7721 NEK2 shRNA
05 SMMC-7721 Curll 414 b, SMMC-7721 NEK2
shRNA2 2 5 SMMC-7721 Ctrl2 ZHAH L, 40 M35
D (#) P<0.05, KI5A); HepG2 NEK2 shRNAT 4]
5 HepG2 Ctrll £ 4 v, HepG2 NEK2 shRNA2 2 5

HepG2 Ctrl2 ZH A1 L, 4 M 3 58 75 B 5 s /> (¥ P<
0.05, [€15B), M EIE NEK2 %35 nl #0 i JiT-Je 20
HE5 ., SMMC-7721 NEK2 OE 41 5 SMMC-7721 EV
ZH A, HepG2 NEK2 OE 4 5 HepG2 EV 4 A I,
21 o 164 % B I 8 (1 P<0.05, & 6), FMAIT#EA
NEK?2 A i 9 240 B iy 35 9
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Figure 4 Overexpression of NEK2 inhibits cell senescence in hepatoma cells SMMC-7721 (A) and HepG2 (B)

NEK2: NIMA related kinase 2. *P<0.05, **P<0.01.
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Figure 5 Knockdown of NEK?2 inhibits cell proliferation in hepatoma cells SMMC-7721 (A) and HepG2 (B)

NEK2: NIMA related kinase 2. **P<0.01.
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Figure 6 Overexpression of NEK2 promotes cell proliferation in hepatoma cells SMMC-7721 (A) and HepG2 (B)

NEK2: NIMA related kinase 2. *P<0.05, **P<0.01.

b B TP B S 50 45 AR 1 R . SMMC-7721 NEK2
shRNAI 4] 5 SMMC-7721 Ctrll 41 /1 kb, SMMC-
7721 NEK2 shRNA2 4] 5 SMMC-7721 Ctrl2 41 b,
aETE A S8 (H) P<0.05, 1 7A); HepG2 NEK2
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Figure 7 Knockdown of NEK2 inhibits clonogenesis in hepatoma cells SMMC-7721 (A) and HepG2 (B)
NEK2: NIMA related kinase 2. **P<0.01.
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