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ks HiH: 20214F9H13H; FHHEM: 20214F10A6H; &4 HM: 20214F10H15H

H E

HH: HitiRibFHBEIA (Topoisomerase 11A, TOP2A)YE &% B 41 }fE (clear cell renal cell carci-
noma, ccRCC) AR FHIREKIGKRE L. Hi%E: BIEGEPIA. UALCANLL K Human Protein Atlas (HPA)
IS ITTOPZAZE IEH B HRMccRCCAR P HRE . @i UALCANEIE FEBE/T TOP2A mRNA S
ccRCCI PRIR BRAFAE A S04 . SR GEPIA. Kaplan-Meier ;2 UALCANZ T TOP2A A 5 ccRCCHi /G
KIS R . iBid TIMEREIE BT TOP2ARIE 5 ccRCCH K FIA M . Bl K@ E STRING Metascape
AR HIBATTOPZAE B R ELAEM & M K TIRENIFI IR R . 48 SEFBTHLRME, ToP2A
FEccRCCHLR H B EFRIE(P < 0.05), HTOP2A mRNAKIRIEKF 5 ccRCCHIFESHA IR 5 HIDL &
WELSHEEMARX. EFSTER, TOP2ZAREEHNEEN BEEFERARR TRIRLEE(P<0.05).
TIMER$UE B2 447 B /R TOP2A ) 314 5 BZHM(r = 0.356, P < 0.01). CD4* TZHM(r = 0.232, P < 0.01).
CD8* TZHf(r = 0.285, P < 0.01). EME4HMI(r = 0.304, P < 0.01). Hr R4 (r = 0.43, P < 0.01) LA K A%
ZORYIME(r = 0.466, P < 0.01) M AHFERIA/K R IEAR. ks, EIESTRINGEIEEME T TOP2AEH
HEAEM%, EEIEESITERTOP2AR KA B/ MER FES 5SMRAEHIIRE . A HE T AEYER.
ZAEYIRE. SR, PR, RETRE. XRBERM. EVRT U REKERE. 4. TOP2A
fEccRCCHRERE, HEHRERBUKANRIUSHER, EELTOP2AT §8% A ccRCCHIFT B 1GITHE M X
Bt EY.
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Abstract

Objective: To explore the expression and clinical significance of Topoisomerase IIA (TOP2A) in
clear renal cell carcinoma (ccRCC). Methods: The mRNA and protein expression of TOP2A in ccRCC
tissues were detected using databases including GEPIA, UALCAN and Human protein atlas (HPA).
UALCAN database was applied to analyze the correlation between TOP2A mRNA and clinicopatho-
logical characteristics of ccRCC patients. The relationship between TOP2A expression and progno-
sis of ccRCC was analyzed with GEPIA, Kaplan-Meier and UALCAN. TIMER database was used to in-
vestigate correlations between TOP2A expression and various types of immune cell infiltration in
ccRCC. Additionally, STRING and Metascape databases were used to construct a functional protein
interaction network of TOP2A and investigate its functional mechanism. Results: TOP2A expres-
sion level in ccRCC tissues was significantly higher than in normal renal tissues (P < 0.05), and
TOP2A mRNA expression level was positively correlated with the histological grade, clinical stage
and N stage of ccRCC. Survival analysis showed that the overall survival rate of patients with low
TOP2A expression was significantly higher than that of patients with high TOP2A expression (P <
0.05). TIMER database shows that the TOP2A expression had a positive correlation with infiltrat-
ing levels of B cells (r = 0.356, P < 0.01), CD4+ T cells (r = 0.232, P < 0.01), CD8* T cells (r = 0.285, P
< 0.01), macrophages (r = 0.304, P < 0.01), neutrophils (r = 0.43, P < 0.01) and dendritic cells (r =
0.466, P < 0.01) in ccRCC. In addition, the TOP2A protein interaction network was constructed
through the STRING database and enrichment analysis indicated that TOP2A and its related genes
were mainly involved in cellular process, regulation of biological process, positive regulation of
biological process, negative regulation of biological process, multi-organism process, reproductive
process, rhythmic process, metabolic process, response to stimulus, biological regulation, and
growth. Conclusion: TOP2A is up-expressed in ccRCC and related to its occurrence, development
and poor prognosis, which is expected to become a new therapeutic target and prognostic marker
for ccRCC.
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1. Hl

' 41 g & (renal cell carcinoma, RCC) A & WL I R Z2 MR Bl 2 — 5 K20 o RN g 1) 2%~3%,
oA B8 37 HA 4 Ffa g2 (clear cell renal cell carcinoma, ccRCC) A2 fi iy LA — R BRI, £ 15 453 RCC 1) 75%
[1] [2] [3]. HHi#ESETH 2R, ccRCC MKW IEAEIZRETE[4]. ccRCC FIHIGRRIMA L, gt
CCRCC HBFH AN —FEMIZ I [FII KIVEERS, MR ccRCC XL 4 (U7 AN BURR,  #ih = 2411
YBIT ITIE[L] . B RTR A S ia T AL AR YT IS — Lk 2, (H 2 ccRCC #488 M R B3 TG AN B AR

il
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PRI SR B R Y7 4 55 S T AR AT & 24 R AT 78 1) G4

i Sl 2A (Topoisomerase 1A, TOP2A)J& —Fi & K 4ufi DNA #h3h T ABE No, X B 45 2 K]
5& TOP2A &K, HALT 17 S Yetaik(17921-g22) b, A LAgwA—4~ 170 kDa () DNA M7 No [5].
TOP2A T EAEH RS 5 & Fdnfi it #E, 0 DNA &, B4, #s%, J@BRmmkds. 758k g0
RIS SE[6] [7]. HH, TOP2A &—Fhanf i MMt sy, HERIA = B AR T4 P i3 i, >4
STt 284 A 8 24 LB BRI BRI [8] 0 AS/DHIF 78 A B, TOP2A £ 22 b AN [R) STk Jof g L it « I < LRI
Jde S P AR Rk, T B SR /K TR R AR R R JE % DDA DR [9] [10] [11] [12] [13]. HEGRT
TOP2A 5 ccRCC [AH A S AR IE R D, ARRART ccRCC B AIG T 5 il i R U 7> Thr &), A
W R FHBA B & F e AR M5 BAE PR, it A5 B 2% 7R T TOP2A 1E ccRCC HRIE. Tills
PAKAE FAMLE, A ccRCC BIBERIEYT AR TG KA 2 T AL it — e (1 BR A 2 Al

2. MRER=E
2.1. B GEPIA 5 UALCAN BUBES# TOP2A EERFRILEKFE

GEPIA %4 % (http:/gepia.cancer-pku.cn) & B A6 5T R Sl R v] H TAE LR A B e . %5
T4 BT R RN IE # FEAR T RNA RIEZE 5. MRS RN RNA RIE 25 55 DR A A7 I 2R /BT [14] . AT
TR LB FE I BRA S B0 T 7 TOP2A 7E ccRCC 3% MIE W £ th 1 RIA 1 . UALCAN ¥
(http://ualcan.path.uab.edu/index.html) & — /> 73~ 47 it 968 i s L B0 i R sy, WSSk B 31 MR AL i 1)
RNA-seq A REHE, 1T LA T RN [RILE TF 5 2L SURI R 443 o 1R 3R IA 1 D T 1E AT AR A7 40 BT [15] . ASHIF
Fe R LB 230 T TCGA $id i vh TOP2A 15 IE % B 445 ccRCC A R R IA T i o

2.2. MAAEEAKRFIEEIE(Human Protein Atlas, HPA)BIEEE S #T TOP2A HIFRIE

HPA %4 [ (https://www.proteinatlas.org/) /& s — N & T a5 ZHAL B 73 A A RNA 5 73 BT 1 R 2 e
SRR FAHBARE, HAS T HTE 24,000 N AREAMHLMARRSAEE, FHrigftizD 576 7k
P A G B By, B BB TR BRI 51 [16]. H 0] F T 2007 1E 3 2123 2 i opg 4L 23 2 A R R s 2
S o AT ST P B FE P ) TOP2A ZH AL 44 (HPA026773) % 1E # B 4141 ccRCC 41 4R iE47 % 4 Ak s
55, ME AR08 TOP2A fEIEH B 41 2F1 ccRCC R HIRIA .

2.3. FIF UALCAN %34T TOP2A BIFRIEMIGKRFBIEEHE. MENXE

#E N UALCAN ¥ 2, it i B 41+ 1) gene: TOP2A; 2) TCGA dataset: Kidney renal clear cell
carcinoma. 3kf§ TOP2A FEKEAFEITER . WS FRER A PR 2 1 DL R i S5 e AR 3 BEARR I (1) 3R
IETEDL. HHT ccRCC 4HE41H TOP2A 5B A TG MK R

2.4. #FA Kaplan-Meier Plotter. GEPIA BiBEE5 4T TOP2A 5 ccRCC BIFiRX &R

Kaplan-Meier ¥ F (http://kmplot.com/analysis/) i] F T4 #7 2 FlEfE ) mRNA FRiA o ki jE. H
5 18764 MIEREREA, UM 1Pl 54,675 /NEEDRG g AR AR R IR [17]. AW FUR] A Kaplan-Meier
Plotter )47 7 ccRCC 3 [ &4 77 % (overall survival, 0S) 5 TOP2A FEikfkHtt. LA A GEPIA
1) Survival Analysis 7341 TOP2A [F)3Rik 5 ccRCC &3 (1T 5 AH R 1 .

2.5. @i TIMER 8RR PHYEEIRIR 3 HT TOP2A RiA5 ccRCC EHMRRIHHIX R

TIMER #{## J# (https://cistrome.shinyapps.io/timer/) & A 55 Ffe fiE S G e iR I 1 48 B B e, HOl
i U TCGA #1132 s, F:it 10,897 MEA[18]. AHIE 5T FI FHZ U 22 11 S R B 73T 7 ccRCC Hr
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TOP2A RiE 5B NIRRT RAH M, Hrh G dnintids B 418, CD8™ T 4. CD4™ T 4.
PR 20 I 0 o AR SER 4

2.6. B STRING BiRE#ITERR - ERRMEEIEH
(Protein-Protein Interaction, PP1)4&B9493E

STRING %4 € (https://string-db.org) & 4 £ %1 8 AN FIN 2 5 22 1) AH A FH AR et 4 R ey 25080 e
3 ELANA] 2 B AH AR I [19] - AT Fed A F 1280308 2 70 B 55 TOP2A FH H.AF FI )8R F IR A 22 PPI R 45,
B E 4. 1) Protein Name: TOP2A; 2) Organism: Homo sapiens; 3) Minimum required interaction score:
medium confidence (0.400); 4) Max number of interactors: no more than 10 interactors.

2.7. FJF Metascape 3 TOP2A REXBEREHAITEERINGED T

Metascape [¥ 3} (http://metascape.org) & —/N T Web (1717, B 7E RS AV # 5 $e 4t 4 TH i K
P RVEREFN 70 HT V3 U5 [20] - 38 5 £ GEPIA P35 73 HT TOP2A JE ] f 56 Jf 22 4k Jik [ (69 4 ¢ 12 81 i Metascape
Xf TOP2A J HORBRIERHEAT & A DhRe /00, DAERITTE ccRCC A J A IR /A FH ML o

3. &R
3.1. TOP2A fEIEE'F4A40F0 ccRCC HAPHRIEZER

FIFH UALCAN X} 533 il ccRCC H.3 [l TOP2A mRNA Fiki#H4T T AEME B . 4R ER, 5
VCHC i IE % B 2R EL, ccRCC 2044 TOP2A mRNA {35 8 2 (P < 0.05) (%] 1(a)). £ GEPIA ¥
Pt e ARSI R 100 1] 1E H ' ZH 4R 523 4 ccRCC JgiAn A TOP2AMRNA [F3Rik. ZERFFERM, 5
B B AL, ccRCC HH TOP2A [1)3%14 B2t 15 (P < 0.05) (K 1(b)). KM HPA %4 FE 1) TOP2A
TP H UL 2E TR (HPAO26773) AT Sy ZH 24 AT TOP2A 7E 1E & B 4L 41 ccRCC H 1 1 5 1 3R,
g JLR BUTE IE 5 B AL B /INER AN A rp AR A A I H S 78 B /N 4 M Hp o €55, ARAG I HE (1] 2(a)); 7E ccRCC
HL, Pk 2 m AR (E 2(0)).
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Figure 1. Expression of TOP2A mRNA in ccRCC tumor tissue and normal kidney tissue. (a) UALCAN database; (b)

GEPIA database
1. TOP2A mRNA #E ccRCC A4RANIE B B AN PRIRIA. () KE UALCAN H#EE; (b) SKE GEPIA #iEE

DOI: 10.12677/acm.2021.1110655 4473 I IR = =23t e


https://doi.org/10.12677/acm.2021.1110655
https://string-db.org/
http://metascape.org/

Kijh 4%
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Figure 2. Expression of TOP2A mRNA in ccRCC tumor tissue and normal kidney

tissue (immunohistochemistry)
[ 2. TOP2A EHTEIEE BB LF ccRCC AR FMRIA(REALLEE)

3.2. TOP2A HIFRIES ccRCC IEFRFHRIREIHE X

iEid UALCAN %35 7301 T TOP2A mRNA 5 ccRCC % AL (1 5Bk, & L TOP2A 551 A #S
TRELA L AL IR A A5 R e 22 e RIE, B R BAASGHFE (P < 0.05) (4] 3): 1
FEMER Sy 4L IR] . AERS oy IR AR ELBEAT X b, 22 5 BG4 (P > 0.05). JF ELREE R FR 4> 3. PR 40 A
(&1 3(c). Kl 3(e)) A Stk L& et 4y HA(KE] 3(M)IFH ST, TOP2A HIFRIA/KF2 FFHEaH, XKW TOP2A
M RIET RS ccRCC B A .
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Figure 3. Correlation between TOP2A mRNA expression and clinicopathological features in ccRCC. (a) TOP2A mRNA
with gender; (b) TOP2A mRNA with age; (c) TOP2A Mrna with individual cancer stage; (d) TOP2A mRNA with subtypes;
(e) TOP2A mRNA with tumor grade; (f) TOP2A mRNA with nodal metastasis status

3. TOP2A mRNA HJ3RIX 5 ccRCC EMIRKRRIEZ EHIX R, (a) TOP2A RIESM AKX FR; (b) TOP2A Riz54F
WHIER; (c) TOP2A RIASHFIESHMIER; (d) TOP2A RIASTRIEER; (e) TOP2A RiESIGKR I HANER;
(f) TOP2A RiEEHBLE T HINXF
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3.3. TOP2A B9FRIE 5 ccRCC FRRIHE%

jEil Kaplan-Meier Plotter. GEPIA LA UALCAN ¥(dE 7, 4355041 T TOP2A mRNA Fik/KF-%f
CCRCC & HIZEAFHISM, I = HRE SR 5 TOP2A [3ik 5 ccRCC i SR E A7 A A
FK(0S)H=x, H 5 m#ik TOP2A [¥) ccRCC EH AL, fKFKIE TOP2A ] ccRCC 3 KSR 4 473 (0S)
(K 4@)~(c), EZFHRAGE (P <0.05).

@ 1.0 — - () 1.0y — Low TOP2A G
HR ~2.47 (1.82-334) L ToA G
logrank P = 1.9¢-09 N Logrank p = 0.00021
HR (high) = 1.8
0.8+ 0.8 p (HR) = 0.00025
- = - n (high) = 258
Z Z ......... n (lﬁw‘)\:25 8
Z 0.6 2 0.6
2 2
g * B3| e
S 044 ™, S 04-
5 *T 5
A, =%
0.2 7 Expression 0.2
— low
004 — hlgh
0 50 100 150 0.0 T T T
. Time (months) 0 50 100 150
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Figure 4. The relationship between expression level of TOP2A and prognosis of ccRCC patients. (a) Kaplan-Meier database;
(b) GEPIA database; (c) UALCAN database

[ 4. TOP2A mRNA FRiAKTS ccRCC BEEFRKXR. (a) KB Kaplan-Meier ##EE; (b) kH GEPIA HiERE;
(c) 3B UALCAN #iEEE

3.4. TOP2A £ ccRCC MIFiA 5 R B MR HAN X R

T TIMER #(4 & “Gene” #idk, 70t TOP2A FKik&EA(E ccRCC H & il K A G, 4553
R IL TOP2A f2¢ ik 540 M4l & 5 1k 5%(r = —0.166, P < 0.01), 5 B #fiffi(r = 0.356, P < 0.01). CD4* T 4
Jfi(r = 0.232, P < 0.01).CD8" T 4fiifi(r = 0.285, P < 0.01). LW 4 it (r = 0.304, P < 0.01). ki 4 (r = 0.43,
P < 0.01) PLA A SR A A (r = 0.466, P < 0.01) ¥ S 2 i iK1 2 IEAHSE, AL & Il fe 4l £ ccRCC
HAR %, TOP2A IFIENHE, /R TOP2A f[#¢5 5 ccRCC I iRiHd F2 (1A 5).
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Figure 5. The correlation analysis between TOP2A expression and various types of immune cell infiltration in ccRCC

[ 5. TOP2A ik 5 ccRCC B MR N X A

3.5. PPI MM R TOP2A XBEFEMNEE ST

I STRING H4f 43 HT 5 TOP2A H I R LA, SRAFEI—ANE 8 11 AN i, 47 A EAE
PPI F2%(P < 0.01), 5 TOP2A # HAEHI 14 (score > 0.900) TPX2. TOP1. CDK1. UBE2C. PBK.
BUB1. NCAPG. DLGAP5. CCNB1. CCNB2 (/4] 6(a)). ifiid GEPIA ¥#E ) “Correlation” fHe /34,
TOP2A 5 Fik PPI W4 HhAH BAR AR £ IEAHSG . H CDK1 5 TOP2A )55 & fix % 7] (Pearson
Z% =0.85, P <0.001) (& 6(b)). LLIEFIF Metascape % TOP2A Az H: LA 235 2B () 3L K #E4T GO Thfg
BN, SRR TOP2A KM HAEH 12N £ Z S S G RE . IE 7 i A vidtfe, 249

AR, IR, WA AR R RN AR PR A AR R AR (1K 6(C)).

TOP1
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Figure 6. Construction and functional analysis of TOP2A related protein network. (a) TOP2A related
protein network; (b) Correlation between TOP2A and its co-expressed gene CDKZ1; (c) The functional
analysis of TOP2A related protein network (GO enrichment analysis)

6. TOP2A HHxEAMEBHIMERINEE S HT. (2) TOP2A FHXAY PPI f4&; (b) TOP2A 5

FIEEF CDK1 B9 ; (c) TOP2A HHAEAMLKINEE D (GO E&)
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4. 71ig

' 2 HuE (RCC) e — FhE BB , 7 tH Y Py A e 40 J3 4, RRAFEAET N £ it 175,000
N[4]. 'B4piE(RCC) AR WA SRR, B35 ccRCC. FL kMR B 4 i f AN €240 o e 25 22 Fhos B
AL, 17 ccRCC 7B 4l ffdi 1 £ o5 J& 75% [3]. 76 F-HAZ Wi H R HUE VIBR AR A2 £ % ccRCC A AU Tt [21] -
PRI, TR MG A DR EY), FEOT ccRCC HFIRIZWIH IR . IF H-5 R 12 W sk Pkl 2
INIF 2 W B E RIS W I A B B PR [1] . A6 A5 11 ccRCC X% G Uy T ANBUR, i =15 &%
WRIT ik, Bk, FHRHF S Fhr EYNIRIRIGST ccRCC FRALHT Mg 2 o0 H

TOP2A & —Fh R, 5% DNA RS FRE i & ] | ek UL R Gyt oy B 55 2 7] TOP2A
TE BB AN AR T ) R IA AT B W A s e, 7 GL IR IRIL, S AR RIAN N, ] G2/IM MR ILFE
THUE[22]. M NZRANAE T TOP2A & (ARIEME VBRI, A/ 251k, ALl TOP2A #il N2 IEH ALk
YA E AR ES, SAER AR LL, TOP2A TERE40 i i B A B B /s Rk [23]. BRAERF TR, TOP2A
mRIET Z MM AR, T H SR R R 2P DL AEAE TS % YIAE G [8] . Zhang %5 [13]
NE B TOP2A £ 45 i LA I ZEIE W B i TE 55 4148, DL Rt 25 465 i e g 1) 40 SO RO 386 n TOP2A FI =
ik Z s . Romero S5[24) NI TOP2A TEA R FL I T 2 i #8 SR B s s, (FLAE v 389 4 W 28 7L e
Hff) TOP2A ik . [RIRER 2 W78 K P TOP2A (i ik SRTFIE . B UL ORI LRI 1
A BTG A 2 B ) KB [25] [26] [27]. H AT TOP2A £ ccRCC H HF ST # /b, A 78l A 1 &
TR A= s BB e, I AR5 BT 1T TOP2A 7E ccRCC HAA i (R IA JE IR I HIB E I A=
MU, NEIRAWIF TOP2A 7E ccRCC 1 HAE AL AR (EFE 16 H Bl .

W51 56i85d GEPIA. UALCAN. The Human Protein Atlas L }2 Kaplan-Meier Plotter $3i& % /347,
KIL TOP2A £ ccRCC UL AT IE R WAL 2 &k, LLA T TOP2A 5 ccRCC Ji BHAFAE M2 ccRCC i
B UG HIRER, RINHFRIBKP 5B . IR 7 B DA Sk EL 4 56 8 o0 B B TEAR G, 68 TOP2A
(RIS B MR Ik e A O =AM R TS 0 A 4 R — BER IR IE TOP2A 1) ccRCC ¥ thm#k
i TOP2A [#] ccRCC & I A E -2 (0S) sy, #&7~ TOP2A 5 ccRCC EE A RTEAHK . LAIE
it TIMER 8l 45 A I TOP2A (IR IA S B 4. CD4™ T 4. CD8' T 4. EWedif. kg
it DL R B TR A L ) G B IR T /KT S IE AR 5%, #2278 TOP2A 1] fE 2 5 ¢cRCC [ 4 55 1R i I F2 . il i STEING
BAEPE T, 45 KB TOP2A T fg 5 TPX2. TOP1. CDK1. UBE2C. PBK. BUB1. NCAPG. DLGAPS5.
CCNB1. CCNB2 &ILRfEAEE M AR, Hrh CDK1 5 TOP2A KI5k R a1, CDKI 40 fE W%
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