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[ Abstract] Objective To analyze the expression of targeting protein for xenopus kinesin-like protein 2( TPX2) in
hepatocellular carcinoma (HCC) and its clinical prognostic significance. Methods First, the expression levels, survival
prognosis and correlation of TPX2 in HCC were analyzed using UALCAN, K-PLOT and HPA databases. Secondly, the
TIMER, GEPIA, and SangerBox databases were used to analyze the immune cell infiltration of TPX2, its correlation with
TP53 mutation, and the mutation landscape map. Finally, the co-expressed genes of TPX2 in HCC and their prognostic
value were analyzed by HCCDB database, and the co-expressed genes were analyzed by Gene Ontology ( GO) and Kyoto
Encyclopedia of Genes and Genome (KEGG) were analyzed by the HCCDB database. Results TPX2 was highly expressed
in HCC and was not conducive to overall survival(OS) , disease-specific survival(DSS) , progression-free survival (PFS) ,
and recurrence free survival(RFS) of HCC patients; and its presence in HCC was significantly correlated with tumor cell
purity and multiple immune cells (B cells, CD4*T, and CD8" T, etc.); Furthermore, the expression level of TPX2 in
HCC was significantly correlated with TP53 mutation. The area under curve( AUC) under receiver operating characteristic
(ROC) curve of TPX2 for the l-year, 3-year and 5-year OS prognostic diagnosis in HCC patients was 0. 73, 95% CI
(0.669-0.79) , 0.668, 95% CI (0.604-0.732) and 0. 654, 95% CI (0.574-0.734) , respectively. Co-expressed genes

of TPX2 were not conducive to OS of patient; its GO function was mainly enriched in mitosis and nuclear division,
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microtubule cytoskeleton, and KEGG was mainly enriched in cell cycle, oocyte meiosis and p53 signaling pathways, and

AUC of the 1-year, 3-year and 5-year OS prognostic for HCC patients was 0. 801, 95% CI (0. 745-0.856) , 0.725, 95%

CI (0. 667-0.786) and 0.711, 95% CI (0.635~0.788). Conclusion

TPX2 is closely related to the occurrence of

HCC, which is not conducive to the survival and prognosis of HCC patients, and can be served as a biomarker for the

diagnosis and prognosis of HCC.
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Table 1 Database information

Kl
s K ,
nl?jan dsﬁl}fase Rk ( Website)
name

1 SangerBox  http;//vip.sangerbox.com/home.html
2 GEPIA http : // gepia.cancer-pku.cn/detail. php
3 K-M Plot http ://kmplot.com/analysis/
4 UALCAN http : //ualcan.path.uab.edu/index. html
5 HPA https : //www.proteinatlas.org/
6 TIMER https:// cistrome.shinyapps.io/timer/
7 ACLBI https : //www.aclbi.com/ static/index. html#/
8 HCCDB http ; //lifeome.net/ database/hcedb/ search. html

Targeting protein for xenopus kinesin-like protein 2 ; Disease-free survival ; Hepatocellular carcinoma;
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4381 TPX2 #E HCC UM R 5ol K, &5, FIH
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Fig.1 Expression of TPX2 in HCC
A, TPX2 mRNA;B, TPX2 protein expression; C, Stage;D, Grade
%2 EGERAIEN
Table 2 High mutation load genes
FEH (genes) B CAFK(full English name) ﬁﬁi .
abbreviation

JibyE 3 11 p53 tumor protein p53 TP53
FLEL A A G A cadherin-associated protein beta 1 CTNNB1
HEH albumin ALB
R E IR E A Z MM EENR 1B low density lipoprotein receptor-related protein 1B LRP1B
T SR AL T 1 transcriptional corepressor 1 RBI RB
GRS s neurobeachin NBEA
JE ERZE A IR AN ML B 7 1 down syndrome cell adhesion molecule like 1 DSCAMLI1
MY K 6 A FRIGE SR T interleukin 6 cytokine family signal transducer IL6ST
ZREH 2 filaggrin 2 FLG2
A AKAP g5 A0 Y S | M E A EA sphingosine Kinase 1 interactor, AKAP domain containing SPHKAP
&4 HECT .C2 Fl WW Z5H5 (% E3 12 ZE &M 2 HECT, C2 and WW domain containing E3 ubiquitin protein ligase 2 HECW2
Disco tHEAE M A 2 [FIEY C disco interacting protein 2 homolog C DIP2C
BERMREEEN3 glutamate rich 3 ERICH3
BERWHE oD integrin alpha D ITGAD
KEAERNTFZE epidermal growth factor receptor EGFR
M/ RN R A 1 BRI ADAM 43 )8 kAl 2 ADAM metallopeptidase with thrombospondin type 1 motif 2 ADAMTS2
Rho GTP G 1 22 Rho GTPase activating protein 22 ARHGAP22
Fhibf G B H R Z 1k B1 adhesion G protein-coupled receptor Bl ADGRBI1
Rho 5 I A% FR A4 R F- 12 Rho guanine nucleotide exchange factor 12 ARHGEF12
5 HL R T 8 3 W o1 H calcium voltage-gated channel subunit alphal H CACNATH

2. TPX2 B HEXES

TIMER 43 #7455 & 3, TPX2 7E HCC ZH21 5 fih
R YN B (purity ) i 35 IEAH & (Cor=0. 173, P =
1.23e~03), H TPX2 &L AH T HCC B #E 0S
(P=0) (E 4A) ; 1AM, TPX2 5422 40 i (B 40
Jd .CD4"T .CD8"T , . W 41 A, Hh M 40 it AR Stk

Yl ) i FIEAIE (P<0.05) , Hrh 5 B 4 AR M
ik (& 4B) .
3. TPX2 5 TP53 X4

SangerBox 43 #1485 L /R, TPX2 7E HCC 41415
75 S L R e AH SR R 28 AR SE R TPS3(40. 6% ) , H:

Y= CTNNBI (34.3%)  ALB (15.1%) L\ J2 LRPB
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B2 TPX2 5 HCC BHAABUR KA

B3 e UEaFAI TPX2 2 A7 L X B SUR AT AN L 28U Rk B 0L ARJUR 50 wm

A. HCC HZ1TPX2 ik ; B. IEWITAIZ TPX2 %Kik

Fig.2 Relationship between TPX2 and survival and prognosis of HCC patientsA, RFS; B, DSS; C, 0S; D, PFS

Fig.3 Expression of TPX2 protein in normal control and hepatocellular carcinoma tissues detected by immunohistochemistry Bar=50 pm

A, Expression of TPX2 in hepatocellular carcinoma; B, Expression of TPX2 in normal liver tissues

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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B4 TPX2 555 4N AH Ak
A, BRAMAERE (Z2) SAAFHUR (F) 5 B. A IR K K
Fig.4 Correlation analysis between TPX2 and immune cells

A, Tumor cell purity (left) and survival prognosis (right) ; B, Infiltration levels of various immune cells

Bl 6 TPX2 5 TP53 &1k
A. TPX2 #3515 TP53 Z748MI% M, P<0.05; B. TPX2 5 TP53 A&
Fig.6  Correlation analysis between TPX2 and TP53
A, The correlation between TPX2 expression and TP53 mutation, P<0.05; B, TPX2 and TP53 correlation

(11.6%) % (K 5), R A RER WL E 2; M  HCC T EZFIEME(P<0.05), H TPX2 7E TP53 %
UALCAN 5 GEPIA 434 5 R, TPX2 5 TP53 76 ASd AR o848 21 1 2 i 635 (P<0. 05,181 6)



Vol.54,No.4 BERROGAF. TTHEDK S FURE A T 2 SR 1 A0 i 1) 238 B e PR 1) 2 5L - 439 -

El'5 TPX2 7E HCC il Z7E 5L
El7  TPX2 X HCC B WU 2 Wi (i
A. TPX2 (R4S A ARk A 263k B, TPX2 i KM A:£2 £k 4345 ;€. ROC £k AUC
Fig.5 Mutation landscape of TPX2 in HCC
Fig.7 The value of TPX2 in the prognosis and diagnosis of HCC patients
A, Risk score, survival status, expression of TPX2;B, KM survival curve distribution of TPX2;C, ROC curve AUC

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Table 3 TPX2 co-expressed gene in HCC
FEH (genes) e LK (full English name) 455 ( abbreviation )
UK B H KA 2C kinesin family member 2C KIF2C
KB R R 4A kinesin family member 4A KIF4A
Holliday PR H Holliday junction recognition protein HJURP
A A 1 B2 cyclin B2 CCNB2
AR 2 AR 5 cell division cycle-associated 5 CDCA5
FLREA A centromere protein A CENPA
DNA #iFh7A G 1 o DNA topoisomerase 1l alpha TOP2A
IR Eh AL AL 18B kinesin family member 18B KIF18B
GINS & AR IHE 1 GINS complex subunit 1 GINS1
RS I R 5L 11 kinesin family member 11 KIF11
A0 SR 30 B 1 A R 1 cyclin-dependent kinase 1 CDK1
BUB1 5 2245y 34K 4% 5 22 5 1/ 95 R BR A e BUBI mitotic checkpoint serine/threonine kinase BUBI1
DLG MXEH 5 DLG associated protein 5 DLGAPS
IR 3l 8 H F AL 5L 20A kinesin family member 20A KIF20A
IR Eh 3R F R 23 kinesin family member 23 KIF23
BUBL A 2243 24k 4\ 22 2R/ /v = IR A B BUBI mitotic checkpoint serine/threonine kinase B BUBIB
N g SRR S A protein regulator of cytokinesis 1 PRCI
BB E AL EENA anillin actin binding protein ANLN
Z R AT E2C ubiquitin-conjugating enzyme E2C UBE2C

4. TPX2 3t HCC &ML WM {E

ik ACLBI &4 P2 43 #r TPX2 B& KX HCC A&
HWREW IR, B TPX2 Fikry g &, H AR
HIUE A RSN (E 7A) ,AFF HCC B3 0S
(K 7B) ;TPX2 % HCC f834 1 4 3 4EH1 5 4F OS i
JG12Wrig ROC 2 F AR AUC 43 3152 0. 73,95%
CI1(0.669~0.79) 0. 668,95% CI (0. 604 ~0.732) il
0. 654,95%CI(0.574~0.734) (K 7C) .
5. TPX2 EREERE 5

HCCDB %4l e o #r 45 R o, 78 HCC v 5
TPX2 FLK K1Y 19 4~ 5 435 )& KIF11 KIF18B
CDK1 . KIF4A ., ANLN, CENPA . DLGAP5 . KIF2C,
BUB1. HJURP, PRC1. BUBIB, TOP2A. KIF23,
KIF20A .CDCA5 ,CCNB2 UBE2C L) }% GINS1( 3 3)
(1 8A), HAHXK R ¥>0. 8 (14 8B)

i 3 SangerBox X TPX2 K H ALK IR A MEAT
GO 7B fil KEGG 3 [ & 5 70 BT, 45 5 B, TPX2
5 HALZRIRFE R B9 A4 P13 F2 ( biological process, BP)
FEALKEA 2257 5 5150 L 20 2 S0 R AH Ik G
£ RS B A5 S AR A Y ( cellular component , CC) &
LR O LRGNy N NN P - =2 ) K= 2 D& B~
EW5E 4T IIHE (molecular function, MF) =241 15
WAL G B B U SR R 45 A 55 KEGG £ %
AR AE 2 MR ) A A T ) R 40 | B R4
HDE Ao 240 S p53 5555 L (E9)

L ACLBL 2048 253 1 TPX2 S H AR A B A
X HCC SB35 15 1 AU & 8L, TPX2 7E HCC 4141
FRRAELF TR R B B AR T HCC B3
OS( &l 10A) ;1M 22 B R A= 7753 Hr & B, AL TPX2 Al

KIF2C ,CENPA , KIF20A . CCNB2 L)}z TOP2A J& 5%
M) HCC 2 0S Byl Sz 2 (&l 10B) #1752
M) HCC £83 100 S A 35 PR A 2 XU 9] 2 1T, 465 51
N, R RN HCC SR WS KU, C-index 2y
0.714(0.664 ~1.000) (P<0.001, & 10C) , % 1 il
LG LPMEN M)A B (B 10D) .

I AR, JE T TPX2 5 H L3R 8 BRI 1l 5 12
By LASSO [HlJA#5 (& 11A) , 4558 B, Thay A 12
LA (E 11B) , HmRAAF T HCC B3
0S(P<0.05) , HiZ A HCC B35 1 4F 3 4F A1 5
4E 0S WG 2 Wil ROC 8 1 AL AUC ¥ KT
0.7,43 54 0.801,95% CI (0. 745 ~ 0. 856) .0. 725,
95%CI (0. 667 ~0.786) 1 0. 711, 95% CI ( 0. 635 ~
0.788) (Kl 11C),

R

HCC 2 1 2 Fh 2o N 2R Finis: 1% R 2 U R4
ST b FR Go o g T e S0 g 3 R A
HokH: K et #e v ke ¥ 26 AR . SR, H ATXS
HCC A 3 R I IF T 3B AN B TR, Sl = AH 1 1)
A IRYT 2590, AT E LA fff 80 0 8 3 AR A T
PR, 38 V) 75 2 TR A W fR A A TR RV e AR )
Fricd .,

TPX2 i T 40 Ml A% G2 54K 20q11. 21, 55 20 i Ji)
WY, AT W40 G, a1 S 4 i it
9, 28 T 40 M BT 43 2400, TPX2 A 3 oo HoR 5L
KGRI AN 22 B A TS 4%, FF5Z Ran-
GFP W% 1EA 2257 L BB ik, 21 5 AURKA
a7 R ) L N e o P | ST P 1B §
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El 8 TPX2 7 HCC H3tA%EH

AL TPX2 RN R4 1E] 5 B. IEARIKIE N R FE S

9 TPX2 5HILFARIEN GO THAEM KEGG 18 i & 50t

Fig.8 TPX2 co-expressed genes in HCC

A, TPX2 co-expressed gene network diagram; B, Correlation map of co-expressed genes

Fig.9 GO function and KEGG pathway enrichment analysis of TPX2 and its co-expressed genes

AURKA 7 “Thr-288" H B2 b M I 31 AURKA , Jf:
PRIz s i e T R uki ik, HEiRE, TPX2 765 M:
AR A 2ih Rk S, ol T TPX2 PR F -
R T2 DNA SRR UL K Z A5 TE 1%, 3 e
YR it 34 5 55 AR, I 52 e A0 i R 5 A i O
T PRI, TPX2 4 S5 8 3 1 o TO0I0 S0 1 8 1
RARRE Bk SEBRAAHERENNE,

W & B, TPX2 e H AR IRFL I AF HCC 412!
BImaRib , & B TS 0 XS R, AR F R E N
0S, IL4h, TPX2 5 H LR IK I GO T GE Al
KEGG il % & S 15—, A FH Xt 43 4
P2 RE 2 M98 ( neuroblastoma, NB) #EA7 58 & #K,
TPX2 AJ TEJA S NB 20 38 5 F0 248 o J 35, I i 4
S A0 MR T AR BT S A , MR AT NB
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E 10 TPX2 M HILFGAILN X HCC HB R KUG PEAY

A BB B ZRBAEFSPRME,; C XRFILIE; D. FILk FRHER 2

Fig.10 TPX2 and its co-expressed genes in prognostic risk assessment of HCC patients

A, Forest plot of univariate survival analysis; B, Multivariate survival analysis forest plot; C, Risk nomogram; D, Nomogram calibration curve

A 08 i HL BFFE I, TPX2 76 NB K 4K
et B R BUREIE A, TR NB B TR BUS
PR, MeAh, A WS I S 4B 3952 1%L
985 ( breast cancer, BC)TPX2 W ZiA/KF & B, H
£ BC th g 3 & R 35, HAH T 8 % 1) Sk 17
0S, I H AT FHAE BC B WA IRl st
Wang 04 GE i BF 5% TPX2 fE TR N T E
(endometrial cancer, EC)ZHZUH ) mRNA Fl#E H i
KRR & B, HAE BC HEUP i Rk, W 5 B
UGS RAT 56, & EC () 5 LR, 1 Sui %1758
S5 HT 250 BRI SRESF SV B, TPX2 75
BAERAL PRI & TS HA, AR T
BEW S F(0S) , AN B s i B2 A

YR, Zha 58 140 H HCC 41400 TPX2
(R B, ik B3 LA, 9 5 B Rk
RIS PARER I PR A3 3 R R A3 A G, AR R T iR
)OS PFS DFS LUK DSS, [, mZ2FH1EAR
[ ST AR AT 1 BIF 5% 45 SR 15— BOA Ok, TPX2 7 i 98
L e Th 210 £ WS KU, R T B AR AT
fis , SAE T 45 R —3L,

TPX2 3Rk 5 F0 58 4 i 3= Al TPS3 848 H
FAHIEM:, Wang 267 5@ 0758 & B, TPX2 Wl i
%A F kB (nuclear factor kB, NF-«kB) {5 5 18 & H 77
CXCRS5, 4t HCC H CD8" T 4 fw iy 4 i ogd /5 .
X WP A I S A 5T 8 L A S B 4538, TPX2
£ HCC 5 CD8™ T 4l i EAH XV & 5 1A, A i



Vol.54,No.4

LHROGAE. TNEIKE & AR 1 2 FLER 7 T 200 e ) 2 el PR B 1) 5 - 443 -

F 11 TPX2 HH4kZkik

FEF TS 12 W LASSO 57

A BEAUARG B. fi/h N C. 2B

Fig.11  LASSO model for prognostic diagnosis of TPX2 and its co-expressed genes

A, Model variables; B, Minimum \; C, Diagnostic model

FEFINHK, TPX2 A 5 A28 FH 4 ffl 40 )5 ( HLA ) -A +
021 254, T B8 Sy e v S AR At 141, 3858 T k2
MR O b A L ) i H T L AR X 253 4
12280 FL MR 90 41 2L R AT S 3% 4l 84k 24 o kB,
TPX2 3 Fik 512 78 VE FL MR =2 (8] 77 78 8 AH 5 1
FINH TPX2 sl Rk H & A 7E TPS3 2848 FA% 1A Tt
FRTEBL R AR AT A o AT & B, TPX2 7E
HCC P RAR 3R | H 5878 4 58 A 28 78 41 o A 1) F
BEWE ; W 5@ TPX2 28748 50 & B, TPX2 1Y
745 5 TP53 78 HCC ™ i 3% IEAH ¢, HLAE TPS3 %8
PRGN B m Rk, HIL, AR RS
S5 5 E B TR AR R FUIE IO A B 1 45 2R
—E, HE A5 E N, TPX2 7F HCC IR L
i) =5 B R R AR T AN A Y A 5 1 1
W, FEAN A 2 M R R R, Wik,
] Py Ah2E 3 I 58 45 SR 2 B, TPX2 1] B & — Pl
FH fE HCC & Bk R R R EAER
5 G e g = N TPS3 AN %,

Huang 25" @ 1 46 I0 HCC 440 483 1E % T
AL K HCC 41l & P TPX2 mRNA F1ZEE H Y
ik & B, TPX2 ] U Y OBE BE mE VL EE-3
( phosphatidylinositol 3-kinase, PI3K)/ZK H ¥ i B

(protein kinase B, Akt) {55 #, 1M PI3k/Akt/lH
A N & £ E A ( mammalian target of
rapamycin, mTOR) {551 B 75 MV % AR K S (2 Kk
DLR e e vh R A B EAE T, e Ake 975 AL 5 i
AU IE TR AR ZE R VIAE ™ ATl HCC
A T A FE TR AR T, DRI, I TPX2 Al fiE
JEIRYT HCC VS AEREAR . 1] Zou 5512 BFFFE R BN, #il
IR TPX2 33K, AT G,M 4553, i yes 240 00 T 411
i HELAE T 200 L ) = 22 FNIE S 5 HLAD, TPX2 5 EMT 1
%L PR 3L 4 )& 8 F B (matrix  metalloproteinase
MMP ) -2 MMP-9 Slug Lk X Twist1 % I <, i HH:
£ DNA Bt R RARIRRVE ™ . H#FsE R 1E
Z5 A9 TPX2 1 AURKA M99 15 mye ZIAIFA7E B3
AAOCHE , HHAS mye T EREHED BRI AFAE B & E AR
K, B LA AR B8 FE LA BB S  rh A E T
YRR, I, mye A kJ&: AURKA/TPX2 fili
T EEIE A, R, TPX2 AT RE -5 M g 44 i 154
B TR M ARZRA K

BT A — b4 0 AR AR B 5 e
TPX2 7 HCC PAYEIE KBRS SR W], Hon]
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