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Abstract

Objective: To investigate the expression of DNA topoisomerase Il alpha (TOP2A) in hepatocellular
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carcinoma (HCC) and its effect on prognosis. Methods: The differential expression of TOP2A in
hepatocellular carcinoma and normal liver tissues was analyzed by Oncomine database. Then, we
used western blot and qRT-PCR to detect the expression level of TOP2A in collected liver cancer
samples and liver cancer cell lines. In addition, we also established a set of stable hepatocellular
carcinoma cell lines, which down-regulated or overexpressed TOP2A in them. CCK-8 test was op-
erated to detect how the expression of the gene affected the ability of cell proliferation. The sur-
vival analysis of liver cancer data set related to TOP2A was carried out with the assistance of
GEPIA. Results: Four studies on the expression of TOP2A in HCC tissues and normal tissues
(Roessler Liver, Chen Liver, Wurmbach Liver, Roessler Liver 2) were screened from Oncomine da-
tabase. The expression level of TOP2A in liver cancer group was higher than that in normal tis-
sue group in 4 cohorts. In a cohort of 40 liver cancer and paracancerous tissue samples we col-
lected after radical resection, the expression of TOP2A mRNA was up-regulated in 33 tumor
samples and down-regulated in 7 tumor samples. In addition, we also detected the expression of
TOP2A in human normal liver cell line and hepatocellular carcinoma cell line. The results showed
that the mRNA and protein levels of TOP2A in high metastatic cell lines MHCC97H, HuH7 and LM3
were significantly higher than those in low metastatic cell line Hep3B and normal liver cell line
L02. We chose MHCC97H with relatively high expression of TOP2A and Hep3B with relatively low
expression of TOP2A for follow-up experiments. To assess the effect of TOP2A on the viability of
MHCC97H and Hep3B cells, the absorbance values (0OD) of MHCC97H and Hep3B at 450 nm were
recorded by CCK8 assay after transfection by the shTOP2A and pcDNA-TOP2A respectively, and
the results showed that TOP2A knockout could reduce the viability of MHCC97H cells, while
up-regulation of TOP2A expression promoted the proliferation of Hep3B cells (p < 0.01). The pa-
tients with high expression of TOP2A had shorter disease-free survival (DFS) and total survival
(0S). Conclusion: TOP2A may be involved in the occurrence and development of hepatocellular
carcinoma, and can be regarded as a new type of prognostic marker in liver cancer, which pro-
vides an important basis for the selection of accurate treatment strategies for this disease.
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1. 5|15

# WHO Ziit, fEtttSyuREif, B el o Pe T s YRR N, 76 R R T HES SN [1]. I
FEE R E REREA SCFET R A1) 12.9%, 75 IH A iR rhHESE 07, 78 53 1R B LIRS RE A SR BB T
JE R A A B R T e [2] . ARYE T RIS W 9 e i S 4R T KIAAEAZ e — A 2. SR, A IR
RIS, REBHCEF TN, REFRHLS . IER L H0NEBUS FEba A R, g o i
POFREE o JHRT 3 AR 0 g it B 1R SR AR B2 (3], LT TEMIF 78 3R W LA B A2 W 7 L1 AFP R LA AT
T TG . BT AR TE VIR AR G Mo B R R R 5w, IR UG Z 2 F 2 R b,
W T i PR G A A S 10 23 T AL AR SR BT A T R w5t e R TR TS BT B L

DNA 4 5 K Bl A& — Fi T XURE DNA H HH IR P 7 1 1) 738 PO 4] AR U IR 1 41) 485 W R 810 R 1)
A, DNA M FAEE X 50 A: |A (DNA $a4H A 1o A1 1118). 1B (DNA $HFh 74 E | FIZERi /& DNA
A5 HEE 1) A1 1A (DNA b5 HH8 Na 1 11B) [5]. Hrd DNA #idh 54418 1o (TOP2A) 2 5 4t it
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B Gt iR sy B LA kR DNA S FN 2 il FE b = AR LN S5 2 . e a0 9 2% XUEE DNA 1
W ) DT R4 0 B BT A% 2, AT FOVFIX P 5 BEAH B 57 3%, AT B8 DNA 3R aEty . ok, TOP2A 7 Bk
RN KB R, FLERIA 5 20 M S GE AN 0 R BAAE O, L AR RN Sz 4N i R 6] [7] [8]
2. MEFEE
2.1. BiImEiEi%

FF Oncomine ¥ 2 (http://www.oncomine.orq) 73 #1 AT B4 7S o TOP2A (A /K, @I i
e dH 2R B HE B2 AN I 2H VB SRR R TOP2A BE 25 5.
2.2. MR LNFRAEEE

AT TEUEE T 40 532 ARG 1 BT VD AR B8 35 R b A R C T 8 55 1E 5 BT AR AR « AN 7L A3 3 &
B B e (B ) W A4S BE S A S kv (S 2 A0S : B2013-150).
2.3. ApalEFE

5 AT R (Hep3B. LM3. Huh7. MHCCO7H)AI 1 /N 1E# AAT4IH & (L02)¥) B T- DMEM 43
Ferh HBE9R1E 37°C . 5% CO, I -
2.4. RNA $2B# gqRT-PCR

FE I8 Trizol 377358 B 45 70 SIS B 2L A REAS B RNA. FH4% 8 Takara 75 & (O 5 4B W) B4
H Y RNA #5455 4 cDNA, PL 95 CHidstE 30s; 95°C 55, 60°C 30's, 3t 40 MEFF; 95°C 55, 60°C 1 min
[IFEFFY 14 cDNA, ] Light Cycler 480 II (' )X HaEATHM . UL GAPDH AW JEMEZ YY), F 2784
ERIE AR B R ik . BT SIYIRF AN 1 Fs .

Table 1. Primer sequence used for gRT-PCR
% 1. qRT-PCR R RI5|4IFF%1

Gene Sequence 5°-3’
TOP2A Forward: 5’-TGCACCCACTTGATTGAGACAT-3’
Reverse: 5’-AGCCCTTAACCAGTACTTGCCT-3’
GAPDH Forward: 5’-CTCCTCCACCTTTGACGC-3’

Reverse: 5’-CCACCACCCTGTTGCTGT-3’

2.5. Western Blot

F& 4 RIPA (B2 =K). PMSF (32 K)F1 10% PhosSTOP 1R & 22 A 22 iy M T 41 it Hh B BB 2R
F, J£H 10%[% SDS-PAGE 735, #RJGH %3] PVDF I 1. i& N 5% g 4= 9h7E TBST Z2rhif b &t
P 1 h, SRJG7E 4°C 44T 5 MBI —$1(1:1000, Abcam) [ N3t 4 « ik — Kk 5 HRP {3 5% (17 —$(1:1000,
e B ARV SR FIE Lhe Ba, RS RO & (Thermo) i H bR 2k 5.

2.6. BRBRES MRS

PGCSIL-shRNA-TOP2A 1835 7 % /4 Al pGC-FU-TOP2A cDNA 1835 8 #4014 5 i GeneChem A
NFE] . R TOP2A A ) shRNA 1895 # 8/A 7 41 & 5’ -ATCCTGCAG-GAATGGCATT-3’, [dif % #E
Ter PR G B RHR, HLFE 518 5°-TTCTCCGAACGTGTCACGT-3". UL pGC-FU 185 F 4 A A& R,
Fygd 7 Al _FiH TOP2A KiA 1 pcDNA3.1 44k . il gRT-PCR 11 Western blot 437 5 £ 52 55 YL 1) o b 34T
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Bk
2.7. CCK-8 1475 1&

¥ 100 pL ZHAER(Z) 2 x 10YmI) I N 35 37 AL . 4RBEBE 5, AEFLANA 10 uL CCK-8 ¥, 1Ek%
FAHIEE 1 h. FAEEGROO A0 450 nm Ab RO ((OD). %5 F1 % I8 A N 255 fe A8 A 4 L 4
B IR RT CCK-8 1A

2.8. £EHT

1EFE K 2151528 H 43 BT (GEPIA) W3 (http://gepia.cancer-pku.cn/index.html) [9] 134T FF4H U TOP2A
BARSEM AL M. KR %&AF: 1) Gene: TOP2A; 2) Methods: OS OR DFS; 3) Group Cutoff: Median;
4) Hazards Ratio (HR): Yes; 5) 95% Confidence Interval: Yes; 6) Axis Units: Months; 7) Datasets Selection
(Cancer name): LIHC.

2.9. Gt o

KH GraphPad Prism 5 A FEEAT Geit 70 . WAL A2 5% A t A 30t AT A, 4LIR) 22 57t L AR ) R A
27 ZHT(ANOVAYRLG . BEASSEIG 2/ F A =K, IIEHEME + rlEEFRIR. P<0.05 ARA 4T

3. &R
3.1. TOP2A fE AR 4R FnsA 4R h 3Rk i

7£ Oncomine HfE E thi#ik T 4 15 5¢ TOP2A 1E HCC 4243 Al 1E H; 41 23 b 234 HI T 5% (Roessler Liver,
Chen Liver, Wurmbach Liver, Roessler Liver 2), 3t 712 NEEA. /& 1(A)Fias, 4 ANWE5EBAA e 40
240 TOP2A I IE K mE FIEH HL4 4 (p < 0.05). FH4b, E—ANHIRANEER 40 MESLTHRIGAR G
BUAS 0 HFR 2HL 23 Ko 55 40 4ARE A 4H i R A A1) o, 22 qRT-PCR 460, 33 /N fiRd B 45 (82.5%) H TOP2A mRNA
PRI R FIRFPIRAS, 7 MHIRREA(17.5%)H TOP2A mRNA %3k T (& 1(B)). X — 4% BAE M Z A F
BEATLIE PR 1) 8 X FHa (T) S i 55 1E 5 22U (N)FEAS H ] Western blot 75 vE3H4T TEGIE, Wik 1(C)Fw. Lt
Ab, FRATERLI T TOP2A 7E N IEH FFAIM R AR R R IRIE. 4R8N, TOP2A TEmF B A1
% MHCCI97H. HuH7 Fil HCCLM3 ] mRNA Fl& [ /K1) 83 m TARFE R 4N &2 Hep3B A IE # FF4 i
ZL02 (WK 1(D)), “p<0.01. fEMIRATEBAMN R IL TOP2A ) MHCCI7H FIAHIXHK 1L TOP2A [
Hep3B #k47 5 £E5E 4 .

3.2. TOP2A {R it FF = dmpaifsh 1 5E

N TR FURAEEL_E I TOP2A ik fa it - 40 MG Ja 15 DL 52, FRATTH shTOP2A-1. shTOP2A-2.
ShTOP2A-Ctrl 43 i Ye & JF A i 315 TOP2A ) MHCCO7H 4ifiurf, ] Western Blot il % Je R 4,
KR shTOP2A-2 #: 4L R &g, [FIIKA pcDNA-TOP2A & pcDNA-Ctrl 5 b 43 ) i e JE AR ik
TOP2A [1] Hep3B #fiffl, Western Blot 45 57~ %L 5R14 5 TOP2A & [ R E B B3 (& 2(A)). F 4
gRT-PCR ilF 7 shRNA 7£ MHCCO7H 4l i 1 i[5 TOP2A f1 2% F11 pcDNA 7 Hep3B 4l g i TOP2A
FI4E B OLE 2(B)), “p < 0.001. JiFAL TOP2A %f MHCCO7H Al Hep3B 4HAEIE PEfI R0, 7F shTOP2A
ot pcDNA-TOP2A 40 h. 12 h. 24 h, 48 h. 72 h J5RF] CCK8 73 #Ti% s At MHCCIO7H F1 Hep3B
7 450 nm AL WG EE B (OD), fnlEl 2(C)Ffin, TOP2A FE[A Rk il P& MHCCO7H 40 fi& /7, i Lif
TOP2A FiAX} Hep3B 4iffrs s A (ke A, “p<0.01.
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Figure 1. (A) Expression levels of TOP2A in normal liver tissues and liver cancer tissues in four studied arrays from the Oncomine
database. (B) qRT-PCR was performed on TOP2A mRNA expression in tumor tissues from 40 patients who underwent curative
resection of liver cancer. Expression of (C) TOP2A protein in normal tissues (N) and hepatocellular carcinoma tissues (T). Expres-
§ion of (D)**TOPZA mRNA and protein in human normal liver cell line L02 and hepatoma cell lines Hep3B, LM3, Huh7, MHCC97H.
p <0.05, p<0.01

€] 1. (A) % HB Oncomine ¥#&E# 4 MARMESIP IEZFTBEELR K AT ELELA H TOP2A HIFRIAKE. (B) i‘f 40 ZIRZRHER
~‘*'r$t)][5$7k,%%‘a’]ﬂwﬁﬂ A TOP2A mRNA FRiEH#ET qRT-PCR 24l (C) TOP2A JETERES ERAL(IN)FATEBLA(T)
FFHYERIE. (D) TOP2A mRNA FEB A EEAFMAER L02 FFTEMA R Hep3BLM3,Huh7 . MHCC97H EPH’]iE ."p<0.05,
“p<0.01
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Figure 2. (A) TOP2A protein expression levels in MHCC97H or Hep3B cells after knockdown or up-regulation of TOP2A
gene expression. (B) gRT-PCR was performed to detect the knockdown efficiency of TOP2A in MHCC97H cells by shRNA
and the stable up-regulation of TOP2A expression in Hep3B cells by pcDNA, respectively. ““p < 0.001. (C) The effect of
knockdown or up-regulation of TOP2A gene expression on the proliferation of MHCC97H or Hep3B cells was analyzed by
CCK8 assay. "p < 0.01

[E 2. (A) BRBREE LIE TOP2A HEERiAF MHCCI7H B Hep3B Al TOP2A R FIZKTE. (B) qRT-PCR 43 Bli&:N
shRNA 7£ MHCC97H #RAfith TOP2A BYRSERZIZRFN pcDNA f§ Hep3B RAfith TOP2A FiAMFRE L. p < 0.001.
(C) CCK8 x4 #Taf ik £if TOP2A EEFRIAXT MHCCIO7H 5% Hep3B 4RAIIEIERIENT. ~p < 0.01

3.3. TOP2A Tk EEHFEEETEHEX

GEPIA (Gene Expression Profile Interactive Analysis) & —3& T Web /) T, 7] LR G TCGA il GTEX
HAm IR o i) 22 BN E R Thie, BFEZE R RE T JERl. MO, B A, M
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Figure 3. The level of (A) TOP2A expression correlated with disease-free survival (DFS). (B) TOP2A expression levels
correlate with overall survival (OS)
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Foti . TACE. 7 RITBTT B8 AL o 4R V69T 45 & SV T7 [10]. AFP Sl Bl F8 r 21 o il
HCC MG £ . Agopian &5 A\[11]1— Wi 54k & Ui, £ 665 4 HCC E& 1, 31.3%[K) AFP /KF-1E
IEHJEREN . BIREFIIAE AFP IFEIRIR FAEA, (HEARE NI IFERR T AFP ZKFIEH 1 B [12]
KM R RIE FE b2 (EASL)ER 1, B T IR, M N R AR KPR RS AR B ER 2 0 mT DU TS b
YI[13]. UbAb, T A R R TG A AR E 0SS I IEAE AT

TOP2A FEAN[F) A fib g R AgAsr I 21 ey 3k, Ganfilides [14] [15] S5l [16] [17]. JSIDE R b B A 18]
RUZUBRE[L9] [20]. FLAREE[21] [22]. OPELHE[23]5%5, WIRRS5ARMEH . Panvichian 55 A [24]HFSE
TOP2A £ HCC HImEFIA S Ki-67 MIEREE xR, Ki-67 MFEE HCC HIMRIAEKEEMARTEA
JK[25], #Ex TOP2A AT LIAE N iG T R ROVEAERE 25 o SRATAOBE T 8 S 50AIE 1 AT e 414U i 5 7 e 40 g
ZH TOP2A 7£ mRNA Fli& (/K FRIEY & T IEH HSARE R I R . TOP2A 32 B T-Ab7E 43 2448 58
RSP A MAZ N, HAEPUE R, HRBK Pt g 5y . e E i, TOP2A
£ GO/GL JAE &K, SHAMIZ, G2/M AR, BRI (A R RIS LR 2 M S5 M BN A 784k 3%
MR A BT RE ) G BEAE FH [26] [27] AT G0 SR A AR e e e i it | i L AN R TOP2A I H 40
Jf, i CCK8 4 A I L TOP2A J [R5 1A Jo I i #% 4t i AR 8 5 AE 70 B 3G 0, 1 i bk i B R s v
T R AR 3G T e ST AH B T B (p < 0.01). 1X 5 HT AR 0 0 [28] 45 SRAHTT, $7R TOP2A fEFHH 41 1)
TR W] e R R R Ok

R4 GEPIA Hifs E B/, =ik TOP2A (13 OS 1 DFS ¥ Tk 1A TOP2A (1% . CAl [26]
SN R, SAAFEHLE, WA TOP2A mRik ARG Z B N EF . X
AT e 5 I R DR 22 S BRI 2 %, TR A 5 SO DNA S # 7= AE 5e i o At SEAE A A7 5
Wi HAFE— 5 RIRPE. B8 GEPIA Z2IR1GWF AL RINE R, (HiX—45 B )5 85 20 R E IR ARAEA
HEAT B0IE .
5. &5ip

g LRk, AW TS RIS UE AR T IR 4RI ZHZ-, TOP2A £ i 40 M A ZH 23 b S 0 s 308
K, K TOP2A WSS HR /3 HHE MR A 5. 11 ELYE 1 TOP2A JiE [K R IA I 2 32y R A 14 (1) 41
MR IIEIERE T, A, R RIE SR @i AR R IG5, XK TOP2A [FRIA /KAl fe 55
IS E o<, KR GEPIA B/ B, 2L OS F1 DFS N2 iy, TOP2A B3Rk B WG £
TARKIL R . K TOP2A K KAT 1 71 B9 Tt e F3f 1) = 22 AR s 6400 o
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