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Abstract The purpose of this study was to forecast and explore the possible mechanism and clinical value of
genetic markers in the evolution of breast cancer with a merged database to screen the prognostic genes of breast
cancer. First,we screened the overlapped differentially expressed genes (DEGs) of GSE22820 and TCGA breast
caner datasets by R language. Second, subsequent protein-protein interactions network analysis recognized the hub
genes and top three modules among these DEGs in Cytoscape software. Then more functional analysis including
Gene Ontology and KEGG pathway analysis and gene set enrichment analysis were processed to investigate the
role of these genes and potential underlying mechanisms in BC. And finally Kaplan-Meier analysis and Cox hazard
ratio analysis were performed to elucidate the diagnostic and prognostic effects of these genes. Analysis of relevant
data shows that the expression levels of fifteen genes were interrelated with survival prognosis, and the overall

survival time of the patients with high expression of the gene was shorter than those with low expression (p<0.05).
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But the Cox proportion hazard ratio analysis that the 3 genes were Significance, UBE2T, ERCC6L, and RADS51
could be considered independent factors for prognosis survival(p<0.05). Gene set enrichment analysis showed that

the cell cycle, basic transcription factors and oocyte meiosis were significantly enriched in UBE2T, ERCC6L and

RADS51 genes. Finally, we got a Conclusion that The high expression of three genetic markers is a poor prognostic

factor for breast cancer and can be used as an effective biomarker to predict metastasis and prognosis of breast

cancer patients.
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Figure 2 Volcano plot of differentially expressed genes from TC-
GA breast cancer

Note: p<0.05 and [FC|>2 were used as the cut off criteria
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Figure 4 Gene ontology analysis of differentially expressed genes
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Figure 5 KEGG pathway analysis of differentially expressed genes
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Table 1 Gene ontology analysis of DEGs in breast cancer

5 Rk T p1E qfH

Category Term Count p-value g-value

AP 2

Biological processes

GOTERM_BP_FAT GO:0043062~ 4l B #h 25 2H 41 138 2.70E-24 1.21E-20
GO:0043062~extracellular structure organization

GOTERM _BP_FAT GO0:0030198~ 4y #h L Jofi 2H 21 124 1.18E-23 2.64E-20
GO:0030198~extracellular matrix organization

GOTERM_BP_FAT GO:0001655~ W RAETHRAKE 101 5.76E-17 8.57E-14
GO:0001655~urogenital system development

GOTERM_BP_FAT GO0:0072001~ B REKE 91 8.93E-16 9.97E-13
GO:0072001~renal system development

GOTERM _BP_FAT G0:0001822~ FHE K & 85 1.87E-14 1.67E-11
GO0:0001822~kidney development

GOTERM _BP_FAT G0:0001503~ H 1k 104 1.16E-12 8.66E-10
GO:0001503~ossification

GOTERM_BP_FAT GO:0000819~ U Ik e (0 FfA 43 B8 73 3.96E-12 2.53E-09
GO:0000819~sister chromatid segregation

GOTERM _BP_FAT G0:0030323~ M R H 59 1.70E-11 9.49E-09
GO0:0030323~respiratory tube development

GOTERM_BP_FAT GO:0061448~ G4 H R E 72 2.12E-11 1.05E-08
GO:0061448~connective tissue development

GOTERM_BP_FAT GO:0050673~ |- iz 41 g 174 105 2.47E-11 1.10E-08
GO:0050673~epithelial cell proliferation

0 % 5

Cellular components

GOTERM_CC_FAT GO:0005578~ £& [ /i 41 BB AP it 143 3.25E-31 1.81E-28
GO:0005578~proteinaceous extracellular matrix

GOTERM_CC_FAT GO:0044420~ 4 i 4P L 57 il 53 52 1.19E-14 3.31E-12
G0:0044420~extracellular matrix component

GOTERM_CC_FAT GO:00059 11~ 21 Jifu i) % 42 118 7.11E-13 1.32E-10
GO:000591 1~cell-cell junction

GOTERM_CC_FAT GO:0005604~ FEJE i 38 1.55E-12 2.16E-10
GO:0005604~basement membrane

GOTERM_CC_FAT G0:0005819~ Zj4E{Ak 87 1.54E-10 1.71E-08
GO:0005819~spindle

GOTERM_CC_FAT G0:0043235~ E &2k 97 2.01E-10 1.87E-08
GO:0043235~receptor complex

GOTERM _CC_FAT GO:0070160~ &% 43 2.11E-09 1.67E-07
GO:0070160~occluding junction

GOTERM_CC_FAT GO:0045121~ R 82 3.65E-09 2.29E-07
GO:0045121~membrane raft

GOTERM_CC_FAT GO:0042383~ UL 4¢ 44 3.81E-09 2.29E-07
GO:0042383~sarcolemma

GOTERM_CC_FAT GO0:0098857~ FEA X 82 4.23E-09 2.29E-07

GO:0098857~membrane microdomain
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Category Term Count  p-value g-value
5 FIike
Molecular functional
GOTERM_MF FAT  GO:0005539~ ¥l Sh 4t & 71 4.77E-12  4.53E-09
GO0:0005539~glycosaminoglycan binding
GOTERM _MF FAT  GO:0019199~ ¥ [l 5% {4 £ I e 14 39 1.84E-11  8.72E-09
GO0:0019199~transmembrane receptor protein kinase activity
GOTERM_MF FAT  GO:0019838~ A KK F45 & 49 5.71E-11  1.81E-08
GO0:0019838~growth factor binding
GOTERM_MF FAT  GO:0008201~ T &4 & 55 7.75E-10  1.84E-07
GO:0008201~heparin binding
GOTERM_MF FAT  GO:0004714~ [ JEZ K 5 A Bt R BRI B 15 1t 32 1.45E-09  2.46E-07
GO0:0004714~transmembrane receptor protein tyrosine kinase activity
GOTERM_MF FAT  GO0:0003779~ HlEh&EH 45 & 102 1.56E-09  2.46E-07
GO0:0003779~actin binding
GOTERM_MF FAT  GO:1901681~ fift &4 & 68 6.35E-09  8.61E-07
GO0:1901681~sulfur compound binding
GOTERM_MF_FAT  GO:0000982~ %3 K1 7F 1%, RNA &8 11 35 5 3+ 17 51 R 5+ 94 5.37E-08  6.37E-06
£ DNA 45 &
GOTERM_MF _FAT  GO:0000982~transcription factor activity, RNA polymerase II proximal
promoter sequence specific DNA binding
GOTERM_MF _FAT  GO:0031434~ 15 2253 Z4 WG (1 2 1 SRR 45 & 28 1.70E-07  1.79E-05
GO0:0031434~mitogen-activated protein kinase kinase binding
GO:0001228~ B4 33 JiG FidiMh, RNA RA B I H R X P HIRR 94 3.28E-07  3.12E-05

¥ DNA 454
GO:0001228~transcriptional activator activi

transcription regulatory region sequence-spe

ty, RNA polymerase II
cific DNA binding

¥E: BP: AEWERE; CC: iU 77 ; GO: ZE R A4, MF: 4T Zhie

Note: BP: Biological process; CC: Cellular component; GO: Gene ontology; MF: Molecular function.
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Table 2 KEGG pathway analysis of differentially expressed genes in breast cancer
F pNT P{a P {H5FIE T
Category Term P value p. adjust Count
KEGG ¥ hsa04510~ Jeykh M Hii% 1.08E-09 1.70E-07 63
KEGG pathway hsa04510~Focal adhesion
hsa04512~ ECM- 32 &A1 H.AE 1.09E-09 1.70E-07 36
hsa04512~ECM-receptor interaction
hsa04151~PI3K-Akt 15 5 0% 1.72E-08 1.79E-06 92
hsa04151~PI3K-Akt signaling pathway
hsa04360~ 5245 3 1.59E-07 1.24E-05 54
hsa04360~Axon guidance
hsa04110~ 4 S fG A 7.13E-07 4.45E-05 40
hsa04110~Cell cycle
hsa04923~ 15 fIg iy 24t i = 11 e s 4 i 4.79E-06 0.000223 22
hsa04923~Regulation of lipolysis in adipocytes
hsa04015~Rap1 155 il %% 5.00E-06 0.000223 56
hsa04015~Rap1 signaling pathway
hsa05165~ A FL kIR #3 K x 1.15E-05 0.000448 78
hsa05165~Human papillomavirus infection
hsa04010~MAPK {5 5l 1.49E-05 0.000517 71
hsa04010~MAPK signaling pathway
hsa03320~PPAR 15 5381 1.95E-05 0.000609 26

hsa03320~PPAR signaling pathway

Bl 6 F8 22 R IR HE IR A 2R 1 5 ELAR 0 2% 20

Figure 6 PPI network analysis of differentially expressed genes in breast cancer
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Figure 10 Expression levels of UBE2T, ERCC6L and RA D51 in normal tissues and tumor tissues
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NG domain1)7E FL i Jie 40 il Hh 35 [F) Z 3k, I 58 40 1) L
Jide o BRCAT ik [] 358 , AT 32 2L Bt s 4 i 1)
R MRS . YTER UBE2T Kikm UL i BRCAL, #
I HS UBE2T s HA ) 75 AT 58 2 SR 18 7 O #E AR
IR T 6 PN e R 38 0 1 A 1 s A i
BRI 7o BT 36 ), X — i A2 f B UBE2T 2 X 50
(Colak et al., 2013). perez 5% (Perez-Pena et al., 2017)
R ILAE e JEC R R i B L e B b UBE2T i 2
Tk G RREE RAR, ZEERAEL) 12%H 7L B
SRk &

PIR1EE 2 X H*h 6 (excision repair cross-com
plementation group 6, ERCC6) [ &5 SWI/SNF &

VAR =R IR TR KRR 2 —, 525
JiAHR (Xuetal, 2014, Liu et al., 2016). Nielsen £
(Nielsen et al., 2015) % % %] ERCCOL 54 b+ # il
I 7EA 2257 24P [RIE FH 8 3t Gk e B PR 2 0
W LR, ERCCOL 71 2 Fh R AL (1) N\ 8 S8 vh iy
FEZRIA, R, N A AE VA T TS TE H A7 (San
tamaria et al., 2007). Liu %% (Liu et al., 2013)#& 7~ T
DNA 552 #: K] ERCC6rs1917799 £ 254 5 b [ A\
) e XU A5 % . ERCC6 £ 2 MEiE 5 1 s o | fii
Jedh b5 it Jes AN &5 g L W 1) 5 I % (Chang et all.,
2009 , Ma et al., 2009 , Ramaniuk et al., 2014), PU £
(Pu et al., 2017)iE 5, ERCC6L 15 ik 5 LAz e Al
P PR 22 O R A V6 R A A O . B T 9 3 W
%2 3|, ERCC6L 7E 91.51%[1 FLARE 38 b s R I8 (Li
uetal., 2018). XLLRILK I, ERCCOL Ml fEESH
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%% 3 UBE2T, ERCC6L 1 RADS1 1) Cox A Lufs] 43 #7
Table 3 Cox risk ratio analysis of UBE2T, ERCC6L and RADS1

A LS e LRI
Variable Univariate analysis Multivariate analysis
AU EE 95% 15 [X [] pfla MRk 95% B A5 X [7] p i
Hazard ratio 95%Confidence intervals p value Hazard ratio 95%Confidence intervals p value
UBE2T mRNA
R () 1.03 1.02-1.05 0.000 1.04 1.02-1.05 0.000
Age(year)
HH(F /%) 0.89 0.12-6.36 0.905 0.45 0.06-3.31 0.432
Gender (male/female)
3 HI(TV/IV/IUT) 2.11 1.66-2.69 0.000 1.59 0.94-2.70 0.085
Stage (IV/II/IV/T)
T 43 #A(T4/T3/T2/T1) 1.46 1.17-1.82 0.000  0.97 0.71-1.32 0.837
T classification (T4/T3/T2/T1)
N 73 H(N3/N2/N1/N0) 1.70 1.41-2.06 0.000 1.25 0.92-1.69 0.148
N classification (N3/N2/N1/N0)
M 73 #1(M1/MO) 6.52 3.65-11.65 0.000  1.53 0.66-3.55 0.327
M classification (M1/MO)
UBE2T (i # ik / R3RIE) 1.01 1.00-1.01 0.039 1.21 1.02-1.43 0.031
UBE2T (high/low expression)
ERCC6L mRNA
R () 1.03 1.02-1.05 0.000 1.04 1.02-1.05 0.000
Age(year)
B/ 2o) 0.89 0.12-6.36 0.905 0.51 0.07-3.75 0.511
Gender (male/female)
3 B (TV/I/IUT) 2.11 1.66-2.69 0.000 1.61 0.95-2.77 0.078
Stage (IV/II/IV/T)
T 43 #H(T4/T3/T2/T1) 1.46 1.17-1.82 0.000  0.96 0.70-1.31 0.805
T classification (T4/T3/T2/T1)
N 43 #(N3/N2/N1/N0) 1.70 1.41-2.06 0.000 1.23 0.91-1.66 0.185
N classification (N3/N2/N1/NO0)
M 43 BA(M1/M0) 6.52 3.65-11.65 0.000  1.68 0.72-3.94 0.233
M classification (M1/MO)
ERCCOL(FH Rk / KK L) 1.16 1.04-1.29 0.008 1.54 1.14-2.01 0.002
ERCC6L (high/low expression)
RADS51 mRNA
R () 1.03 1.02-1.05 0.000 1.04 1.02-1.05 0.000
Age(year)
HH(F /%) 0.89 0.12-6.36 0.905 0.44 0.06-3.25 0.421
Gender (male/female)
3 B (TV/AIV/IUT) 2.11 1.66-2.69 0.000 1.65 0.97-2.82 0.065
Stage (IV/II/IV/T)
T 43 #A(T4/T3/T2/T1) 1.46 1.17-1.82 0.000  0.95 0.70-1.30 0.761
T classification (T4/T3/T2/T1)
N 43 #(N3/N2/N1/N0) 1.70 1.41-2.06 0.000 1.23 0.91-1.66 0.186
N classification (N3/N2/N1/N0)
M 43 BA(M1/M0) 6.52 3.65-11.65 0.000 1.65 0.70-3.86 0.249
M classification (M1/MO)
RADSI(Fi#i1A /{&RFKIX) 1.07 1.00-1.14 0.031 1.39 1.09-1.77 0.008

RADS51 (high/low expression)
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Figure 11 Gene set enrichment analysis of UBE2T, ERCC6L and RADS51
Note: A,B: UBE2T; C,D: ERCC6L; E,F: RADS51; p<0.05 and FDR<0.05 were considered significantly enriched

ek FE I BUREE Y, AT RE N AR A RO W AT
RFLIEST R T AL RR o

B H A (Recombination protein A, RAD51)
5 RAT B RecA H[RIEAD, & I E 7 BRI 2.7 3
5 20 DL S BB X EE DNA Wi FT b 7 1) (Chen et al.,
1998). TAEK, SRMRH IR —BERRAZNE 58 4 g 40 1) 77
[Poly (ADP-ribose) polymerase inhibitors,PARP] . iiE
B {E 1677 B [ V5 2 20 DNA 18 5 SR 1% 1 i s
B IR SV Bed), PARP #dth i ] 1697 5L
e 2 B HE IR (breast cancer susceptibility genes, BR-
CA)fk = 1) FL i g 1 51 B9 1 (Stewart et al., 2018).
Toh % (Toh et al., 2019) [ #f ¢ & 78 BRCAL 5 %
P F RADS1 JL[FERL, 5EA142F BRCAT Al RA-
D51 0¥ 45 A ds s B e — B . £l K L, BARDI
A BRCA 41 fu bk i) 0% 42 57 25 & & B8 HAR 28 1k 1Y
FL IR, 451 40 = [ 14 FL R (triple-negative breast
cancer, TNBC), H5H &R k. #RAMILT ALK
(Couch et al., 2015; Mani et al., 2019). Jia Z5(Jia et al.,
2019)% W], RADS1 32142 ER FH kLR &
AT HTRR BN 7 AR ST ORI AR, B G0 57 F L
BEAI YR 9797 RO AR AE I T TH AR 22

B2, HATHRA T TEER WX = F ik BRI A
FUBR B CE MR bR 5, BA N TR HR b, % LR
T B 12T LU R YT R B E . AT
P 8 22 0 M K 05 ORI 17 3 28 5 PR 7 (R BL )
FrCL,  BL BB AE D et A5 LR AR Sk Al 5%
WL BRI FEATS 75 A2 i R A it — 2D 9

RE RSl
3.1 EERIR

TR ) $id 42 GSE22820 M GEO %4f F (https:
//www.ncbi.nlm.nih.gov/geo/)3R1S . iZFEFIM E T 176
19 J K M LI e BE AR 10 9388 5% 1 4H 4. TCGA
LA e B LA M PR HIHR (L4 112 9] 1R 412U
1066 il 41 23) 7T A8 A F [A] 4 P o 90 e T 3K
(https://portal.gdc.cancer.gov/).

3.2 ERFRIAEE

KA RIES Limma ##E . (Ritchie et al., 2015)
Xof L B AH 2 e 5% 1 i 2 S HEAT 22 S 2Rk R
%, JiiE AR HE N p<0.05, [FC(fold change)|>2; bt & , 1
F 72 28 T. B venny2.1.0 (http: //http: //bioinformatics.
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psb.ugent.be/webtools/Venn/) >k 15 il 1 4~ %5 K SR 1A Tl
I S St r S v~ Y7 I Ui D = B 71 ULl w |
AT HIEE A

33 EEINBEEEMERE

BT AR P30 2 7 REEEW, A RES
B R AT TR, MK 2R R 4244 (gene ontology,
GO) Kt P2 %) 72 e Rk B R AT AR W) 2 D eV E RS o [F)
IR s R R S R R H B B2+ (Kyoto encyclo-
pedia of genes and genomes, KEGG) i i #f i 3 AT
72 5 5 U 5 W % 1 & % (Huang et al., 2007).p<0.05
WINNEA G R L.

34 EHRHEEERAMSBHE

STRING #& —F7E £k T. H. (https://string-db.org/),
A ARG AT R S B o B AR 4 B A X
BB 1% B (Szklarczyk et al., 2017). 7E35 45 5 (4 5 AH ELAE
F M 2% B J5 5 N\ Cytoscape X £ (Cytoscape v3.6.1)
AT PRGN, RT3 cytoHubba 4 4
196 9 2% P TR B AT 20 N3 [A (Shannon et al., 2003), 3§
i1+ MCODE i ik i /i =AMk

35 BEESESH

[ 'E 4 7 T (gene set enrichment analysis,GS-
EA) W LARAE Tl 6 i€ S — B RIAE A AR 220k
BZ R HA G2 F 2 7 —F )57 #%(Subramanian
et al., 2007). A T #ff ¢ UBE2T.ERCC6L Fil RADS1
FEFL IR T A FE4T T GSEA 20, IR p<
0.05 f1 FDR<0.25 I}, WA A% 2L A 4R 0 3 e 48

3.6 ZEiTES

I Rx64 3.6.0 A 53 #1 T M GEO F1 TCGA
HIE T HAESZFRIEERNEREE. Cox K
B Eb 9] 55 20 3k 4T B AR B RN £ AR & 43 A7 . Kaplan-
Meier (K-M) 71 FAAZ W B 45 R LYy
HabrifE Z RN, p<0.05 BN NI R T it 2= LR
HER,

1E& ok

TR e T RA T AT A F R
o SR HE S8 U 7 BT, W SCHIRR IS AR B
Z 5ARGHFURB, B FLAE R FE TR EH
Mk B st N, R SATIRMBRE . B
B, W SCEAE SN A AR A S A R
HISCAS o

Brigt

AT 58 R Y TR A8 (2 R e 28) & T
4T H (2019SF23) %t Bl

Sk
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