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Screening and validation of chemoresistance marker in lung adenocarcinoma based
on gene expression profile
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Abstract Objective To discover molecular markers associated with lung adenocarcinoma
diagnosis/prognosis and drug resistance through screening of differentially expressed genes based on
published chip data in gene expression databases using bioinformatics methods. Methods
Comprehensive analysis was performed in available mRNA microarray datasets including lung
adenocarcinoma tissues dataset GSE32863 and lung adenocarcinoma taxane-platin resistance dataset
GSE77209 from the gene expression omnibus (GEO) database. Gene ontology enrichment analysis,
gene pathway enrichment analysis and protein interaction network analysis were performed based on
significantly correlated genes. The expression level of genes was validated in the cancer genome atlas
(TCGA) dataset. Survival differences were assessed by the log-rank test in TCGA lung
adenocarcinoma dataset. Based on the publications genomics of drug sensitivity in cancer (GDSC)
database in CellMiner cross database (CellMiner CDB), Pearson correlation analysis was used to
analyze the correlation between differentially expressed genes and the half-maximal inhibitory
concentration (ICso) of anticancer drugs. Results There were a total of 77 genes which had a different
expression in resistance lung adenocarcinoma cells and lung adenocarcinoma cancer tissues. The
functional enrichment analysis showed that these co-different expression genes were mainly enriched

in microtubule, extracellular exosome, cell cycle and signaling by nuclear receptors. Protein—protein



interactions (PPI) network screened 6 most connected genes as molecular complex (MCODE).
Among the MCODE, overexpressed ubiquitin conjugating enzyme E2 T (UBE2T), kinesin family
member 20A(KIF20A), PCNA clamp associated factor (KIAA0101), pituitary tumor-transforming
gene 1 (PTTG1) and NIMA related kinase 2 (NEK2) were associated with poor outcomes. Survival
analysis results showed that these five genes were upregulated in lung adenocarcinoma tissues and
drug-resistant cells and were significantly associated with poor prognosis in lung adenocarcinoma
patients. Drug sensitivity analysis results suggested that high expression of PTTG1 and UBE2T was
significantly associated with sensitivity to multiple anticancer drugs, including paclitaxel and
docetaxel. RT-PCR validation showed that PTTG1 and UBE2T were highly expressed in
docetaxel-resistant cells A549-TXR and H358-TXR. Conclusion PTTG1 and UBE2T holds the
potential to be chemoresistance markers in lung adenocarcinoma.

Key words non small cell lung cancer; lung adenocarcinoma; bioinformatics analysis; differentially
expressed genes; molecular markers; chemoresistance
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i R A T ) E A . AR/ NP AHE  (non small cell lung cancer, NSCLC) fEJ fififeE
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11 BRBHEFEIEUE GSE77209 FI GSE32863 A H At Bk T35 [ E S AL M R4S 0
(National Center for Biotechnology Information, NCBI) [ i3 R % ik 25 &40 5 (gene expression
omnibus, GEO) (https://www.ncbi.nlm.nih.gov/geo/) . GSE77209 A Dalvi et all®lk % 1AL 45 2 %}
NSCLC (M- RAMI 2541 & CGRAYIM H1299. H1355 i 2541 H1299 T18. H1355 T16) #
3 YREH ) Nlumina HumanHT-12 V4.0 expression beadchip i85 7l 7 45 5 . GSE32863 & Selamat et all“]
ONAR B HE 58 Kot it i e 2H 2R 5% 2H 23 1) Nlumina HumanWG-6 v3.0 expression beadchip it A 5
45 R BT IS IR AR 40 5256 ST 14 Ccell experiment file, CEL) 2 J& 5% F RMA .3 (robust multi-array
average , RMA) ¥H s H— 1 T2 550 #r.
1.2 ZRFEEFEMAIE  log 2 (Fold Change) > 1.0 HAFIEJFIK P<0.05 sk ik i i & #
GSE32863 %4 i b 72 R IA I HE K Lhllog 2 (Fold Change)l> 0.5 H. P<0.05 Jy#fFfifi i i 24 4 e
GSE77209 H4fi i rh 2 e AL KL K. 7E GSE77209 1 GSE32863 H144) 72 7 ik (R R {F Ay 5 1t HE A
2 JaiEId Cluster 3.0 AT HEAT BRI 734 I TreeView BRATXS &ym it 1T rI AL -
1.3 BHABME/ER (protein protein interaction, PP1) P& i#id STRING % &
(https://string-db.org) 4% 22 7 3k 5 I AH BAE 25 . it Cytoscape FA4%T PP X 4 4 it 47 7]
WAk, i Cytoscape #A4: A )4 FH AW M4 (molecular complex, MCODE) #fiff4: K-means
TREERT PPI 2% rh B [ HEAT PR 2 SR OF IR L O B8 7 M 2%
1.4 YRR MERER EE0HT K Metascape Chttp://metascape.org/) BN} 3t [F] 2 5 &1k
R AT GO ThEE/H T (gene ontology enrichment analysis, GO) F1 Ractome {5 538 % & &40 #1. LA P
B 22 3 R AR T PR R M5 5 BB B AR R AT HEFE, P<0.05 HL N B2 w4k
15 ZRRVIEERNRERAER BHEEFST 8 5L R 4 B S HdE (the cancer genome atlas
database, TCGA) FE[RFRIENEA: B X/ #rn] WAL %L (gene expression profiling interactive analysis,
GEPIA, http://gepia.cancer-pku.cn) (61 47 22 5 3RaA FE R IS UE A AEAF 0B o 0536 25 A4 D s i e i 4
(EL¥E 483 i fili e 4H 230 347 Bl 554440 , 4[FIET i A2 |logz (Fold Change)>1 H. P<0.05 B} 4 &
FMEERRIL. # Kaplan-Meier 22177011 Log-Rank 23146 56 H (1) 3 P58 il i 8 3 b i A 47
ZE 5,9 Logrank fi 545 A P<0.05 I 2 78 G it 7 o WA R 8 B B3 43 2 Chuman protein atlas,
HPAD IR 22 e RB 1 I S e 2L UM 205 B
1.6 ZH BB MT i8I CellMiner CDB “F & (VERSION: 1.7) 1, i i 24 4 vk 56 DR 411 2%
¥#i4E (Genomics of Drug Sensitivity in Cancer portal, GDSC) , H:rh 244Ut i i—lg (ICso)
FERHAT 3T BERIRIAAE % RNA-seq Rik{H, loge (FPKM+1)  FERIATAHT: 4 ke A<k A
filAnMIAE, @it Pearson AHICAM ATV Z UL [ ARG AY , PPl fili i ia i 24 4% o i BR) 5 e 24
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1.7 RNA B RT-PCR 2% %/ TRIzol® Reagent (Ambion, Cat. 15596) #5175 B 4%
E i s 2% A 4 i 2% ABA9 . H358 Al i 22 I S AZ BT 245 41 i 5 AB49-TXR.H358-TXR H' &L RNA,
f# F High Capacity cDNA Reverse Transcription Kit X7 (Applied Biosystems, Cat. 4374966) % i
cDNA. K57 & PowerUp™ SYBR® Green Master Mix (Applied Biosystems, Cat. A25777) Fit &
gRT-PCR K ifk %, T ABI 7300 RT-PCR A, X455 KM 274445041, GAPDH fE AN
3L . PCR 5#)7%), PTTG1: Forward (5’ -3’ ) ATGAATGCGGCTGTTAAGACCTG, Reverse (5’
-3 ' ) TCCCATCTAAGGCTTTGATTGAAGG ; UBE2T : Forward (5 ' -3 ' )
TGATTCTGCTGGAAGGATTTGTCTG, Reverse (5’ -3' ) CAGTTGCGATGTTGAGGGATGG.

1.8 Gitl-5 A3 J@id SPSS 20.0 HAFHEAT G574,  GraphPad Prism 8.0 B f-EK, IEZA 7 Ai )
HEEER L X3S FoR, MR ELECR A Student t it , P<0.05 K7 FA Giih 48 .

2 R

2.1 ROFABIBERIREN 0 Fhadl 40l =R RIS ¥IE ik, 7€ GSE77209 $dE & (£
Tt S5 AR H1299. H1355 FIMMZ54H i H1299 T18. H1355 T16) HILig# 621 ANFEfi 24540
H1299 T18 1 H1355 T16 H' 2 ik Ak K o Horh 5o AR B, ZET 24 40 i b 3 [m] v 2k 1y
281 1, FLFEMREILIER 340 4 (K 1A, 1B) . ZJaX GSE32863 (Ui 58 i 5% 1EH 4L
fifi i s 4140 HEATHIE I, A5 EoR 1438 NEER 2Rk, HoA it i 4 41 rh m R IA L IR 554
A, IRKILEE 884 4~ (B 1C) . X GSE77209 #ll GSE32863 H13k 45 1) 7 Fp RIS FE R HUAL &, 453
BRI 28 MR E Rk, 49 MEFEILFEMERIE (B1D) o BRI R BN, EEA
SURNI 24 0 A s 4 P L A 22 S 3R TA I 77 AN R A B R (B 1B)



B 1 Ff R R 25 4 o 2 BRI B R 45 58
Fig. 1 Identification of differentially expressed genes in lung adenocarcinoma tissues and
chemoresistant cells
A: Volcano plot reflecting differentially expressed genes in GSE77209 (H1355: left and H1299 :
right); B: 281 up-regulated and 340 down-regulated genes in both H1355 and H1299 resistance cells in
GSE77209; C: Volcano plot reflecting differentially expressed genes in normal lung tissues and lung
adenocarcinoma tissues in GSE32863; D: 28 up-regulated and 49 down-regulated genes in both GSE77209
and GSE32863 date sets; E: Heat maps showing 77 different expressed genes from GSE77209 and

GSE32863 date sets.



2.2 FFRIERREEF K GO 4347 Reactome /5 5B  i#id Metascape 72k 7 ¥ T. A it47 GO
S BT A Reactome 15 538 B8 73BT, 45 5 s A8 i i 24 2ARNT 25 4 i 3L R 22 e RA B R R S 5
SRV AR . AU R . RSN AR R MRS RS L R R AR
AR, GO R AR AR . SARAEMIRE . IR ERE . dIRA RS
WA (E2A) (3 P<0.01) SEY eukfe; LRSI, 0MRs X, 0N st foMbfE . 2o
e, ARSI AS . AMAN A, A AR BT REY. WME (B 2B) (3 P<0.01) &
MM A HFESTFIRN: BEALEG. BT4E. PETHE. A—HARSE. 27
RETAFTA . BRI RS E . QUM ML R 45 BRIRI SR & - IR 146 (B 2C) (35 P<0.05)
Reactome Gene Sets 73 145 R o L2 b e K F 2 51k AW, B2 hiEsiEs. A
2233 ANUAMERAZ. MHC TI3EHTE B, MERE AR5 5. APCIC A K120 L JA 4
AR A 2 R R IR ARG (Bl 2D) (33 P<0.0D)

& 2 ZRRIEEFAN GO 4 #H7TA Reactome 15 5@ B 217
Fig. 2 GO analysis and Reactome gene sets analysis of differentially expressed genes
A-D: Biological process, cellular location analysis, molecular function and Reactome gene sets

analysis of 77 differentially expressed genes.



2.3 WERERREEFKMIGEOHALIERMS R REERTELE 0 1L A 3 1) 22 7 R A FE P
PPI 2% (18 3A) . ffifl Cytoscape (] MCODE #fif -4 2843 #r PPI W45ty B 2D e i 2 1
B PR T 4 . MCODE 148 H A4 8 /> fii i AN 245 240 e b 46 [F)_E TR 92 (A : NIMA
FHOCHE 2 (NIMA related kinase 2, NEK2) . #oGi#hE A (aurorakinase A, AURKA) . FE{RJRH;
k.3 [K]-1 (pituitary tumor-transforming gene 1, PTTGL) . iz %= & k& E2 T (ubiquitin conjugating enzyme
E2 T, UBE2T) . PCNA 4t JeMi55KF (PCNA clamp associated factor, KIAA0101) . IX#ENE A%
R 20A (Kinesin family member 20A, KIF20A) . & & B 2B IIb (tubulin beta 2B class 1lb,

TUBB2B) . WLEFJE &A% 1 (myofibrillogenesis regulator 1, PNKD) , 2 ANARIEZER: ik
JFIRE R IR A EE 1 2 (GLI pathogenesis related 2, GLIPR2) . Wl 8/ S5 BK 8 AR 1 Cechinoderm
microtubule associated protein like 1, EML1) . %} MCODE ' 10 & KHH TR GO & 47T, 45
SRR R I e A 5 A S SRR Y L AR SO SR T IR AR A . RE A
ZRAYEARSC (EI3B) (3 P<0.01) . BfiJEXf MCODE ' 10 AME:[AI7E TCGA LUAD #idfa gk ifi e
FEA GSE32863 H#fls SR ANMI 254U iE A GSE77209 Hi#a 4T Pearson AHICHE T, 45 R &R,

PTTGL. KIAA0101. KIF20A. AURKA. NEK2. UBE2T 7£ 2 b\ b #didie iy 5 1EAR ¢ (& 3C-3B)

(R>0.5, P<0.01) , WGHUHIRMER &) 6 D IEEE s R R AT — 20 Hr.



Bl 3 ZRREEREN PPI 4R KO EEE R ik
Fig. 3 PPI network construction and key genes screening in differentially expressed
genes
A: PPl network of 77 differentially expressed genes; B: GO analysis of MCODE genes; C-E:
Correlation heat map of drug-resistant core genes in TCGA LUAD dataset, GSE32863 dataset and
GSE77209 dataset; Red squares: significant positive correlation; Blue squares: significant negative

correlation; White squares: no significant correlation; The number in the square is the R value.

24 WA OLERSMBERE FRHRETESISRER, £ TCGA LUAD #dift UBE2T.

KIF20A. KIAA0101. PTTG1 Al NEK2 7EJH LV RIS & T IEH AL (B 4A) (P<0.05) . %45
R L GSE32863 FEH S 45 - —5, HAE GSE32863 Hiti, 5 IEH liZH 4k Lt UBE2T. KIF20A.
KIAA0101. PTTG1 #1 NEK2 7£ | IV &3k (K 4B) (P<0.05) . Kaplan-Meier 2E47 43 4t
R EIR, B UBE2T. KIF20A. KIAA0101. PTTGL il NEK2 3 [KF#RiA K4 OS AE17
%8 (4C) CREAF, Log-rank P<0.05) , 1fj AURKA Sfiifife g AE A L R E . s
£ HPA 408 e R A% Ok R 2 A Rk 500, B UBE2T. KIAA0101 #1 NEK2 7E HPA ¥ifs FE o ik
ARIBEIRS, SIEFALME, KIF20A 1 PTTGL fEflE A 4ihm#is (K 4D, 4E) . DL 145
BHER UBE2T. KIF20A. KIAA0101, PTTGL fl NEK2 fEfitg 4 mkik H5 R RS AR, Bk

e B3R 5 ANFERIE N 2% 0 FE A



B 4 iz 03B UBE2T. KIF20A. KIAA0101, PTTGL Ml NEK2 ZEfifi s H R
BHFEEBEANRBEEEMER
Fig. 4 UBE2T, KIF20A, KIAA0101, PTTG1 and NEK2 were highly expressed in lung
adenocarcinoma and significantly correlated with poor patient prognosis
A: The expression of UBE2T, KIF20A, KIAA0101, PTTG1 and NEK2 in TCGA LUAD dataset ; B:

The expression of UBE2T, KIF20A, KIAA0101, PTTG1 and NEK2 in GSE32863 dataset; C:



Kaplan-Meier curves and log-rank test of UBE2T, KIF20A, KIAA0101, PTTG1 and NEK2 in TCGA
LUAD dataset; D, E: The expression of KIF20A and PTTG1 proteins in lung adenocarcinoma and normal
lung tissues, immunohistochemical staining >100; N: normal tissue; LUAD: lung adenocarcinoma;

*P<0.05 vs normal tissue group.

2.5 T2z E PTTGL M1 UBE2T 5REALIT 4 BUREAESR 24T CDSG i Xt 5 M 251%
IR AITE 119 ik yr 254 (FLrhElfs 60 Ff FDA AIEZ54). 58 Fillm R S 254 R U #E T 704
Pearson AHICIEHT 45 R o, 75 44 PRI G R T, 258U S PTTG1.UBE2T \NEK2. KIF20A.
KIAA0101 FIEM I 254571 59 Fh. 93 B, 50 Fh. 21 Fh'5 16 Ff. H b PTTGL A1 UBE2T [¥1%
BESEEEE (K 5A)  (P<0.05) . Z/EZEE (K 5B) (P<0.05) [-Lg (ICso) fELAA: 1 A7t
FHIC o D PIAb T 245 4% 0o i R 6F 245 W B0 P Y i 7 1 75 2 22 R TR R, ARAIT FE 60 i I8 PTTGL
UBE2T 4B BURHILT T 25t 4T 1 2 etk [ml AR Pl . 45527, PTTGL Al UBE2T FRiA(HAE
N AR TNAS 2 25 U 5 5B BRAF il FlikhidEe (& 5C)  (P<0.05) A
MEK #iil7 CI-1040 (¥ 5D) (P<0.05) . RDEA119 (Hiik# e, P<0.05) (& 5E. 5F) (24K
Hedls B IEAHR



B 5 PTTGLH UBE2T 54byT Ai@URtE 54T
Fig.5 Correlation of PTTG1/UBE2T and drug response
A: Correlation of PTTG1/UBE2T with the paclitaxel response in lung cancer cell lines; B: Correlation
of PTTG1/UBE2T with the docetaxel response in lung cancer cell lines; C-F: Cluster image map of the
multivariate analysis of dabrafenib (C), CI-1040 (D) and RDEA119 (remifatinib, E, F) response predicted

by the expression of PTTG1 and UBE2T in lung cancer cell lines from the CellMinerCDB database.

2.6 PTTGL Al UBE2T EfAE £ M R LM A A T A MHEAE KA RT-PCR £ A ifi it 55
A4l A549 [ 1Cso= (1.65+0.32) nmol/L ] « H358 [ ICs= (1.2640.31) nmol/L ] Flifi} Zj 41 iis A549-TXR

[ICs= (188.50+21.70) nmol/L] . H358-TXR [ICso= (33.28+4.47) nmol/L] (& 6A) Hi45 T
PTTGL Al UBE2T [ ik . 45 R UK, 5235 A4 A549 I H358 A Lk, 220 S AZ B fird 24 41 il A549-TXR

1 H358-TXR H PTTG1 fl UBE2T & ik (P<0.05) (& 6B) .

Bl 6 PTTGL A UBE2T 7/l i 25 1 A2 B 24 40 i b ) Rk K R BE
Fig.6 PTTG1 and UBE2T expression levels were significantly higher in docetaxel
resistant cells
A: ICso of resistant cells/parental cells (A549-TXR /A549, H358-TXR /H358) to docetaxel for 72
hours; B: The expression of PTTG1 and UBE2T in parental and docetaxel resistant cells; *P< 0.05 vs A549

group; *P< 0.05 vs H358 group.
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YIS N ERRITAR LS, BA5H 60%~80%0 & Age Ak ai . A 25 & VF 2 R
TR B R R, I HAE T PRI 24 40 P ik Fe gl VR 2 B v s A B S0 mT L F e 5 it i 24
FHICHIFE R B A kI g , SFHRISLE R EYIRREY, b Tl va 7 B oy B R (1o,

AR 5o i I 2L 2P B i 245 40 K500 R A T AR A5 B2 o AT, SRR 77 AN i i 4 SR
P IE R 2 R R IR . 2 AR PP R I 25 BE T ik MCODE k1 %%, MCODE
3% 8 NTEMT i A 254 i EiR2ED: NEK2. AURKA. PTTG1. UBE2T. KIAA0101. KIF20A.
TUBB2B. PNKD, 2 A~ FifiJE[A: GLIPR2. EMLL1. GO 44k S iR b1 9 4 v Jk ] 3 2 540
POFIRERE RS . AHB N IO BT . RIB SR R R s BTG M SR b

AR EIR PTTGL. KIAA0101, KIF20A. AURKA. NEK2 il UBE2T 7F fili fig e 41 £ Rt 24 240 it %o
Brp RIEM. TCGA Hdi IR E 45 W oR PTTGL. KIAA0101. KIF20A. NEK2 il UBE2T 7/
fidi A s ik B e AN RIS S35 AHOC, Hhik Bk 5 ANEERE NN 2512 02 . 2T CDSG
el PEXT 5 NN 25 1% 0o FE R BEAT 250U o0 B, A 25 4% 0ok (X vh PTTGL A1 UBE2T HIFRIAME
SRR, 2B 2RI . AN R R PTTGL M UBE2T 1E 2 4 5 A2 B 24 41 il

A549-TXR Il H358-TXR i i ik, #in PTTGL Al UBE2T E. £ NI 25405570 hn S

TR R FE4LFE Y 1 (pituitary tumor transforming gene 1, PTTGL) 1E AR+ A& J ik fa &
PE. p53 {55 ilEg Ml DNA iz Z e 2 H] . wEFtUR ], PTTGL fEAL R . L. Al
GRS B BRI 2 AEAE Th R I T 5 EE A R TR B K. PTTGL W AF yfm 5 Rl
BERPR AN M 1R 28 BB RA TP, PTTGL i A 40 i B A (et FL st e, IR 5 thsids
IR 25 S IEA G . #EA PRI PTTGL A1 TGF-B1/SMAD3 3 % R 43 il e e e e 153 v 1) S s s,
HE 5 PR e R B R ATR T S A B U S NI, PTTGL. ESPLL A1 PTTGLIP JE[AISRIA
BRI 25485, T Fo0 00 P 2 b4 o) 70 0 ek B A2 10 L0 63 RV 97 IR ). iR
W PTTGL 7Efili i b 4 =R IE, 34 PTTGL v #i TGFR1/SMAD3 {5 5 18 6 33 1M i 14t itz 41
ML A AR 28

UBE2T fEZ MR 4k . IRERA B BEEmEE, HEMWRERKEEAR
FiJaAHoR . UBE2T Mlidiz A4 3 RPL6 PR (LIt o BRI IR M 5E L 1R 2L R4, UBE2T
AR R A G ST 2%, HWLE) SR N b R - 1R 7S R A6 R AR DR UST, e,
UBE2T it B 4% BN IE AT 73 AR EX R AL . UBE2T i 53 b -l s B it d@idiz &4k
I3 FOXO1 Fefig, itififent NSCLC gl g Hitt. il UBE2T nlidid e s i i Wi 1 8
JFE 1/2(RRM1/2) B e A, (L HEME e ALY i, 2% BUBRIRR 75 V0 Al 2510681, T L PTTG1



1 UBE2T iR IAAME 5 RSB R G BUBYEA D¢, B 5 H AT 29 BUB AR O¢ . 2 S5 B 5850 1=
15 PTTGL A1 UBE2T 4 ] Re U AT 290347 T 275 VvFh . BRESEER A2 4h, PTTGL

UBE2T it B 4 iyt B ) il FIA B AR JE - C1-1040 Fl%i 128 JE 23 Mruse PPN 4R FRIN 78 BE -

£ PN

[1] Souza V G P, Forder A, Brockley L J, et al. Liquid biopsy in lung cancer: biomarkers for the
management of recurrence and metastasis[J]. Int J Mol Sci, 2023, 24(10): 8894.
doi:10.3390/ijms24108894.

[2] Scagliotti G V, Parikh P, von Pawel J, et al. Phase 1l study comparing cisplatin plus gemcitabine
with cisplatin plus pemetrexed in chemotherapy-naive patients with advanced-stage non-small-cell
lung cancer[J]. J Clin Oncol, 2008, 26(21): 3543-51. doi:10.1200/JC0.2007.15.0375.

[3] Dalvi M P, Wang L, Zhong R, et al. Taxane-platin-resistant lung cancers co-develop
hypersensitivity to JumonjiC demethylase inhibitors[J]. Cell Rep, 2017, 19(8): 1669-84.
doi:10.1016/j.celrep.2017.04.077.

[4] Selamat S A, Chung B S, Girard L, et al. Genome-scale analysis of DNA methylation in lung
adenocarcinoma and integration with mRNA expression[J]. Genome Res, 2012, 22(7): 1197-211.
doi:10.1101/gr.132662.111.

[5] Zhou Y, Zhou B, Pache L, et al. Metascape provides a biologist-oriented resource for the analysis
of systems-level datasets[J]. Nat Commun, 2019, 10(1): 1523. doi:10.1038/s41467-019-09234-6.

[6] Tang Z, Li C, Kang B, et al. GEPIA a web server for cancer and normal gene expression profiling
and interactive analyses[J]. Nucleic Acids Res, 2017, 45(W1): W98-102. doi:10.1093/nar/gkx247.
[7] Uhlén M, Fagerberg L, Hallstrén B M, et al. Proteomics. tissue-based map of the human
proteome[J]. Science, 2015, 347(6220): 1260419. doi:10.1126/science.1260419.

[8] Luna A, Elloumi F, Varma S, et al. CellMiner Cross-Database (CellMinerCDB) version 1.2:
exploration of patient-derived cancer cell line pharmacogenomics[J]. Nucleic Acids Res, 2021, 49(D1):
D1083-93. doi:10.1093/nar/gkaa968.

[9] Kryczka J, Kryczka J, Czarnecka-Chrebelska K H, et al. Molecular mechanisms of
chemoresistance induced by cisplatin in NSCLC cancer therapy[J]. Int J Mol Sci, 2021, 22(16): 8885.
doi:10.3390/ijms22168885.

[10] ZEiffl, MR, SRR, 5. FETAME B0 VCAN R4S B IR i 24 ¢ s 4
HEWERI]. ZEIERL K22 2A4R, 2025, 60(4): 624-33. doi:10.19405/j.cnki.issn1000-1492.2025.04.006.
[10] Li J X, Chen H G, Wu J Z, et al. Bioinformatics analysis of VCAN as a key target in colorectal
cancer cisplatin resistance[J]. Acta Univ Med Anhui, 2025, 60(4): 624-33.
doi:10.19405/j.cnki.issn1000-1492.2025.04.006.

[11] Meng C, Zou Y, Hong W, et al. Estrogen-regulated PTTG1 promotes breast cancer progression
by regulating cyclin kinase expression[J]. Mol Med, 2020, 26(1): 33.
doi:10.1186/510020-020-00161-7.

[12] Chen Z, Cao K, Hou Y, et al. PTTG1 knockdown enhances radiation-induced antitumour
immunity in lung adenocarcinoma[J]. Life Sci, 2021, 277: 119594. doi:10.1016/j.1fs.2021.119594.
[13] Christiani E, Naumann N, Weiss C, et al. Gene expression pattern of ESPL1 PTTG1 and
PTTGLIP can potentially predict response to TKI first-line treatment of patients with newly diagnosed
CML[J]. Cancers, 2023, 15(9): 2652. doi:10.3390/cancers15092652.



[14] Tao X, Wu X, Zhou P, et al. UBE2T promotes glioblastoma malignancy through
ubiquitination-mediated degradation of RPL6[J]. Cancer Sci, 2023, 114(2): 521-32.
doi:10.1111/cas.15604.

[15] Zhang J, Wang J, Wu J, et al. UBE2T regulates FANCI monoubiquitination to promote NSCLC
progression by activating EMT[J]. Oncol Rep, 2022, 48(2). doi:10.3892/0r.2022.8350.

[16] Jiang X, Ma Y, Wang T, et al. Targeting UBE2T potentiates gemcitabine efficacy in pancreatic
cancer by regulating pyrimidine metabolism and replication stress[J]. Gastroenterology, 2023, 164(7):
1232-47. doi:10.1053/j.gastro.2023.02.025.



