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Abstract

Objective: Using bioinformatics to investigate high-risk genes of breast cancer (BC) glycolysis to
find prognostic markers or potential therapeutic targets. Methods: The mRNA expression profiles
and clinical information of patients with BC were obtained from The Cancer Genome Atlas (TCGA)
database. Glycolysis-related differential genes were obtained by Gene Set Enrichment Analysis
(GSEA) and R4.0.3, which be used to construct the prognosis model. We verified the accuracy of the
model. Finally, we performed a single gene survival analysis using Gene Expression Profiling In-
teractive Analysis (GEPIA), and we used the triple negative breast cancer (TNBC) dataset from the
GEO database to verify the prognosis of high-risk genes. Results: Profiling of mRNA expression was
carried out in samples of patients with TCGA BC (tumour = 1053, nomal = 111). GSEA has been
undertaken to get differential genes 256, among them, 5 genes were significantly different and
they are a negative correlation with the prognosis of BC patients. Survival analysis of five genes
was performed using the GEPIA database, and the results were consistent with the prediction. The
TNBC dataset from GEO database verified that genes PGK1, SDC1 and PGK1 were high-risk genes
for BC. Conclusion: Glycolytic genes PGK1, SDC1 and PGK1 may be used as prognostic indicators of
breast tumors, which provides a new direction for the diagnosis and treatment of BC, especially
TNBC.
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1. 518

FUNRIEE 2 A BRI B DL IR i Rg 22— [1], T R E 3R 52 4 (estrogen receptor, ER). 2233 32 14
(progestogen receptor, PR) AT A3 J¢ 4= K [Kl-F- 5244 2 (human epidermal growth factor receptor 2, HER-2) )%
KA AR, FiA ER. PR M HER-2 (& TG4, 697 B Al PR = A 1 W 7 s yr
254 Ko A HER-2 FOHE R 25445 [2] [3] [4]: 1 ER. PR A1 HER-2 ¥ 49 A 4% i) = BH 1 3L i (triple negative
breast cancer, TNBC), *I—i&igf MFMETIEAGUR, HBMEREE S, BwRETERLME, i=2fF
IR VR YT 250[5] [6], PRE V) 75 S HOB BRI R IRk, R ARSHZ T BRI SRR,
R BB AR . R, ik . EEFRAWEE, Fodh DUE Mg b AR Bt 7e s a2 [7] [8] [9]-
T A L 10 T A QU FE R IR A AN =R IRAGFE, 1 70 Gl B AR I A ) B AR R e, (™
A2 501 ATP, IEH M3 Sl A A PFIRGRRE R, A F R, 1 70 7 HOH & pE AR N 32 B 38
o3F ATP, HREAI S5 IEEAMMARE, BMEEAEFMT, Mg s /R seAT @ o e me g, Xt
1 e L A7 0T s 8 AR 3% 40 e R0 4 B ) 1 T [1.0] [14] o ASHIF T F0L 30 3 26 15 S22 g 927 19 7L Mo P %
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RHRH BRI IR, itk — S LRI BUS A A M0 BT BT R %
2. MMEHE
2.1 FREBIERISRBIER T H

3 3 R L DR £ TR (the cancer genome atlas, TCGA)Bdi 12, 46 2 ie 4 FL e I o B A RN 1IE 3 FEAR K
e S AR B P A RS L A AR A AN R 23 A ) PRAUHE , 38 R4.0.3 50 1 B AR IR 1 AR ()
SJEN ke D] 3 3 5 B S A T i TR 3R R S A
2.2. BEEREESH

JE R4 & 4 73 M (gene-set enrichment analysis, GSEA) L 22 48 2 T 4ME BA il AH DG (1) JE (R 4, ]
FISHARE M BN R A B S S IR R AR S TN GSEA B, #HAT I E &L i, 1S3 E 4R
BE R
2.3. THiEF AR ER

SEIURE 1 A S PR SR RIA B, F2 10 P < 0.05, X U8 H A9 35k DR SR 6 T 5 9F i RO AR o P 8B 4T 22 53
BRIEFIERNRIEE, H5 TCCA i T B ln KA 77, X 2 R 3k Hodfa A A A7 Bl gt A7 4 5%
PEIIHT S PR FL e T A9 G 1 vt X 2 A
24. BEERRTEEEAE

XT3 0 4 P 27 BT A DX PR P A i A1 A S L 451 XU [ )1 35 284 (proportional hazards model,  f&#% COX
BY), THE MG IR AR RS, DU E R AE A S, T R AR A T A 1995 A4l
Rl E s RREFZE, SR Kaplan-Meier iAIHE A 7%, IRl R 1B Survival 27 .4 6 H m A
S I AR AT 2R
2.5. BV

MRAE KBS A, FIF R 254 SurvivalROC 24 ROC HHZE I, DAVPAL TG B8 (v e .l s K A0
2 IR B v Al v KU 58 AT T30

2.6. GEPIA BUBE S ERAEF o

R FH 3k [R] 2 345 1 H04 5h 2520 17 (gene expression profiling interactive analysis, GEPIA)E#E 22, i i 1k H!
{140 7L T T2 A v XIS 2 R 4 30 A B 35 TR A A7 43 AT
2.7. BREEEE=AHIAREPHNTE I

M FRE PR 2 3k 27 4 B3 P2 (gene expression omnibus, GEO) T % = [ 1t 3L i # $icdfs £ GSES8812, Wik
HH R 5 A e RS R g i 5 23 A

3. /R
3.1. HRAHBRIGKBIENTEH

M TCGA Bt e T FFLIRIE IE 38 FEA AR A A e e L, T aRBIE W FEA SR 111 A, e
ATCAF 1063 Ao N R REE S SRR PRAFE A B (AT ] AR (R BB ) S A
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3.2. GSEA SiTER

FIF] GSEA %45 e, K2 F) 5 MHEEEMAH SR RAE, 735k

“BIOCARTA_GLYCOLYSIS_ PATHWAY” . “HALLMARK_GLYCOLYSIS” .

“KEGG_GLYCOLYSIS_GLUCONEOGENESIS” . “REACTOME_GLYCOLYSIS” .

“ REACTOME_REGULATION_OF GLYCOLYSIS_BY_FRUCTOSE_2_6_BISPHOSPHATE_METABOLI
SM”, Fi| FH} GSEA i iX S6 L R S HE 4T & S0 #, ik Hi P < 0.05 [FE (R4 2 NHALLMARK_GLYCOLYSIS”
(q = 0.0085, P = 0.005). “REACTOME_GLYCOLYSIS” (q = 0.0134, P = 0.007) (W& 1). ks bz2
RAEREEESRMEWRPBATH T WER, 42 = EVE 5 (Enrichment Score, ES),
HALLMARK_GLYCOLYSIS. REACTOME_GLYCOLYSIS W3t K4 T FT A 3k RIS 72 HEFE 51 26 (10 T8
B, ULEZEE R AR AU R o EiE S

Enrichment plot: HALLMARK GLYCOLYSIS Enrichment plot: REACTOME GLYCOLYSIS
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Figure 1. Enrichment of two gene sets with major variations between BC tissues and noncancerous tissues
E 1 ARMEBELAMESANAZE 2N ETEEEEFNERE

3.3. BERMEXERLSR

Xt GSEA & & ik th iy 2 NS, fEIRW AL AL T #AT =R 0N, [EIMEE
FrARIL I ERE AR 3L K] 256

34. EERRTEEEAE

R 22 7 RAE WO RE IR A 2 DR AN A A7 50l 5 0F P4 80 2L B PR T AR AR O i PR TS R, A RN
LA PGK1. SDC1. NUP43. IL13RALl. CACNALH (# 1). Kaplan-Meier ZE47 43 #r 45 B (& 2)Eow,
it 58 v XS 2 55 I UG 4 A A7 22 7 % (P < 0.05).

3.5. ¥=AVIGHF

3.5.1. ROC BhZ:[E
AR RSB 221 5 4F ROC 4k (< 3), mhZk N7 A9 FRA AUC (Area under Curve), AUC fHjik
f, AR 2R TR 5 AR OR, U IR TR N A A R . AS VORI AE A IR Ak L e
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AR, R AUC =0.72, TIIHER 25

Table 1. High-risk genes associated with glycolysis in breast cancer

1 FBREREER A XS R EE

Gene coef HR
PGK1 0.0062101269858367 1.00622944980277
IL13RA1 0.00534879049213317 1.00536312081056
SDC1 0.00243920775418119 1.00244218504166
NUP43 0.0462435903904082 1.04732949928876
CACNA1H 0.0179558366012606 1.01811801184519

Risk == high (n=517) == low (n=517)
1.00

0.75

0.50

Survival probability

0.25
P <0.001

0.00

0 2 4 6 8 101214 16 18 20 22 24
Time (years)

Figure 2. Survival analysis of high-risk and low-risk in breast
cancer patients
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Figure 3. Time-dependence ROC curve according to the 5-year
survival of the area under the AUC value
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3.5.2. MIFESH

AR (>60 %), (T My NYRIURUS PF 43 58 SO T FE A7, 38 3 5 R 32 00 22 TR 3R 20 A
LR, XA E 5 RE AP < 0.05), W 4.

pvalue Hazard ratio

|
age <0.001 1.038(1.023-1.054) l.
|
stage 0002 2.055(1.308-3.228) e
T 0463 0902(0685-1.188)  HEH
M 0410 0.785(0.441-1.397) |-.-:—|
|
N 0.507 1.099(0.831-1.453) H =
riskScore  <0.001 1.369(1.229-1.525) ; v

T T T 1
0.0 1.0 2.0 3.0
Hazard ratio

Figure 4. Forest plot of multivariate COX regression analysis
4. %A% COX El)ARHrHIFRIE

3.6. REESEESHER

X H GEPIA #4 FExT R Kl PGK1. SDC1. NUP43. IL13RAL1. CACNAIH (IR ik 7K -5t e g i

S
o

A= A7 W(overall survival, OS)fif i) 5 5L PR A= A7 1 26 B 5 AN 5E PRI7E L h )R8 K F 35 599 AT 2

FHR (1% 5).
Overall Survival & Overall Survival - Overall Survival
3 & = Low PGK1 TPM ~ = LowSDC1TPM - ] == Low NUP43 TPM
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T o Logrank p=0.00018 W Logrank p=0.007 s @ Logrank p=5e-04
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Figure 5. Single gene survival analysis
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3.7. EERSNKERRIAS TNBC BEFENXEA

RYE PGK1. SDC1. NUP43. IL13RA1. CACNAILH R FKiA I, BATE GSE58812 4N
ERISHAMR LAY, 4558 2R 6), PGK1. CACNALH. SDC3 Mk fijmki %, R BEHS i
B X (P<0.05), H5 TCGA-BC £#i /3t R —2:; 1M AE NUP43, IL13RAL (1)1 %) = [P FL s 28
H TS T3 fm (P > 0.05).
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Figure 6. The correlation analysis of genes expression level and prognosis of triple
negative breast cancer

B 6. EEFZIEKEE=[AMABRETEHEXES T

4. ¥1ig

20 42 20 4FAR, [ % DUR 23R 15 % Warburg &I T HIRACIETRAE , BIVfiRs 4 i B A A0 A 48 261 T S
MRARMRRGRE T f (I 25 e BRI A A R R B AR, IXFRER AR “ PUIAS 2087 [12]. EIX —ARURFE
BRT, WEZRTHIREBIE TIRZ R3], BRIFORIL, b FUNRIEAR T o 77 B R S
TEANAR N ZFNBET AR, ps3 BFSHH A, e &l maif it A ERR 7 X — P RRIT R
I, G AN R AR R R AR T AR B E R [14] . k20 T gL IR bR TR g A DG R A
Fik, WAIFIH TCGA B¥iaxt 111 M EHFEAF 1053 MNFUARMIRIREA AT T BEMA] SSIE K (1 2 5255
B, KIL GSEA &£ Th AN FI4E HALLMARK_GLYCOLYSIS. REACTOME_GLYCOLYSIS 7E5L
BRptR e 2 R, ORI P BRI ER, RS C TLIAS N7 o ROC Mk ow, FH iRz
i AE DK A DRI 2R T 5 N\ A A7 2R AR 1 25 v o 1 — D0 T P B DRI FE GEPIA B335 P i B 5 R 1 ) 23 #
R RIRIX 5 M ERERRIA S B IE 2K, A9t E . Ui PGK1. SDC1. NUP43. IL13RAL.
CACNALH Jy LR by i G 6 1R o 5 i FRAT T 204 T GEO H5de 2 vh — [ Mk LA fE 1 ik 5 NI R
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[ IE MG A, HE—BUFSE PGK1. SDC1. IL13RA1 J:[K ik 5 TNBC ¥ i/ i M % .

TR IR H Vi R VA B (PG K) 2 R 7 e ik R rh ffE AL ATP TR BRIV 28, ‘& FP AL PGKL Fl PGK2 7EA
K BLAT ML SE R RI T BE[15] [16]. PGKL FIPAFHERHIN M2 (PKM2) 2 I 4 A7 SEUhH et 72 v 4%
ATP P2 AP FREG[17] [18], BRECAE T PGKL A Sl BEAR 9 R 4 i 7= A= ATP tH5 &b g 1 & A2 K
J WA R[19]. DAL, PGKL & —ANEH A AR M E 1 g v y7 #E £{. Syndecanl (CD138):& SDC1
FEA 9wt i) Syndecan ZX DA i ISR — AN B BA[20]. B HI = ANSE IR AL, e rb i b S5 AR 40 D
MR B BAE e R E R, JHE B T AE R TRt 2 &, S 5H G50, T 56
[21]. 2% FEiA A SDCL 1EFL M s ik 5 7L s iR 28 AU R TS AH G, #] SDC1 Rk B D he
AT LAVR YT 7L B 22 FLdk 2 [22] [23] [24] [25]: X Eett 7u 4 R 5 A S b 3RA Tl AR WM B 22 TR 3
A R —EU . CACNALH K gmtD T 2 e A i 45 188 Cav3.2 LRI ol WE[26], Viet & it A4
52BN R B I s e B3 1 CACNALH FEE /K 5 B3 5 SF A7 R AR R [27], 18] CACNALH
S T R R R B TS AH D%, A FEAE LR g R ) AR R R DL T

Nup43 & [ i NUP43 JE R 465, J& Nupl06-107 & &R e sy, T L nRNE LS, R
225y R R etk 73 85 [28] . IL-18Ral M1 IL-13Ra2 EENE 13 (IL-13)IPIAN G & 2 55 [29],
IL-13Ro2 /2t 58 iz (AR ¥ iz —, 2T FE R AR IR A 2 s K- IR A 4L, A
LA R 155 AR [30] [31] [32]. HAEAHITFE 73 # vh A 3 NUP43 A1 IL13RAL 5 3L IR FiUSHHC, 5
B R TS A OGN 3 . BB LM B B, NUP43 1 IL13RAL ER R IA ] fe 5 9E
=B LM e R TS A DG PETE K

AR — RAVEDE B, 535S AU R AR AR DG AL 5 B A KU L R R Tl S R 1Y
Friik ROC i 2 FH L Rl 2. J 2 TRV R A3 I IS B R AT VA, L 5 AN LR e e i 2 e A S v XSG 25 B9 431
N PGK1. SDC1. NUP43. IL13RAl. CACNALlH. H#if ki PGK1, SDC1 K5 FL Ak I Tl 5
EAAAAI[33] [34], AT 7 ERIE R A AE AT, S HAOE 8 SR AR A E . HA
WFFEE— 25 7 1 5 I e v XU JE PR ) PGKL. SDC1. CACNAILH K2 Ik [FIRE g2 = B o 7L i 6
Tif5. Ft, PGK1. SDC1. CACNALIH BT {E gL B Rl & = B M FLIRIE V6 IT 50T K I B BB A
BN, B TG AR bR S, EH ORI SR S R 5
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