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Abstract

The incidence of breast cancer is on the rise globally and remains one of the most common malig-
nant tumors among women. In this study, transcriptomic data and relevant clinical data from 1028
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breast cancer patients were obtained from the TCGA database. A total of 845 blood glucose-related
genes were screened using keywords from the MSigDB database. Differential expression analysis
between tumor and normal samples in the TCGA database yielded 7549 differentially expressed
genes. The intersection of blood glucose-related genes and differentially expressed genes resulted
in 342 overlapping genes. A weighted gene co-expression network was employed to identify the
yellow module, which exhibited a high correlation with breast cancer prognosis. Based on the genes
within the yellow module, an optimal grouping of TCGA-BRCA breast cancer samples was achieved
using a consensus clustering algorithm. Univariate Cox regression analysis and LASSO regression
analysis identified 10 genes significantly associated with prognosis (CLIC6, ELOVL2, KLHDC7B, KRT80,
MMP12, NEK10, SEC14L2, SHCBP1, SUSD3, and TAT). A risk scoring model for breast cancer was
subsequently constructed based on these 10 genes. The risk scoring model developed after consen-
sus clustering grouping demonstrated a robust ability to predict patient prognosis, offering valua-
ble insights for prognostic assessment and the potential development of therapeutic targets in
breast cancer.
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1. 518

LR 7 5 Lo (A A R, R e MEIRAE R AR i (L] . RN B T R A A A A H
R TR, PRI 0 KR R AR B N 0.5% [2] [3]. HATCANER . PER). BERE. MEMEAKERI R %
st R I SR R R [4]. S IR AR B, e U SR R R — A B GG R K [5]. JF HLIF B b
PRIF(FEZLR 2 BORE R 2 ARk Wag v 2 —, B3 )LE ., 2t SFEMBR N2 I m[6]. Bk
SRR 2 IEAE 2R I, 0 27 AR 32400 7T B8 A2 &l i R R M fE G R R, R REXT P R T 1 45 S~
A7) [8]. TRATWEERT AR TR, FEMEIRIR RS2, FLIRE I R i 26 238 n[9] [10].

TESFRERESR B, B 2 IR I T AL RS S PR 2 M B BCR . 80 RE Bon: (1)
W PRI 2 M L B T XU A8 n T 2096~28% [9] [11], fRAFIETEH, 50 % K UL b Ry4e 22 5 4ot ok FR s 1)
FLIRE ARSI T 20%~27% [11]; (2) B IR 5 B4R A 47 238 22 TG AR A7 26 256 DR [12] o KA Lo 1A A
PRIV B BE T oAt o JiR A1 f XU 7T BE 1S 0 vk 5006 [13]. H UEYE £ B, 169 ) FL I H o R R
X 5508 PRI Lo e LR I XU 39 00 10%~20004H 5[ 14, b4k, Bl FRI5 B 52 5 52 40 2 % A 7L e
TiJE[15] [16], FHAE—LUAMA 10 - MBE VIR 70 5 FUIREAE G AR T2 B IEAROR[17]. REHR Z &
BB PR 5 L e s 2R R BE T 30 2 B BAT ORI, HIX — KBRS IS 12 T HLHMTS AN B

FUIAE 1) S S M AR R SRR 1 )2 AR U T B HERR . XHRIT TR RS IR RTR T 45 DL
BT ARG, IE T U 1 2 TR AE S LR 2 AR A TeAE i v e T ¥R 97 T 284 [18] . FLAR
S RHES RS2 R (ER) Y 2233 2 AR (PR) RN 2836 7 2E K Rl F- 5244 2 (HER2) 1) — F Bl 2 Fh 52 4k (R A7 7E
B A 2 I M S R L R R VR T AR AR TT UK [19] . BUR VR 22 AU ST SRR T IR R 7L R
TR R, AFX SOR SO PR TSR L2 AR BRI, MR SR T 2 Bl MR AR DGR R I 7 . R, AR Sk
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U AR 5K DA RE LR A A i — S SRR 7 0 Dy P AL, IR P I 1 41 2 TR] R SR B 2 AT 3 1
JE RSP G B o o S BRAN T 32 R 3R £ 5 K P2 (GE O) HAud 22 mhoHe i 1 Mt B AR 5 56 DR 4 5 L M o
PR AR I 8 2 ) ) 22 5 R K B DX (DEGs) BRAZ B o i ] — S50 BRI T 120K LRI A A AR 418 75 126 114 1 A 5%
SER 7y WAL, FEXFX R ALREAT A AT 22 57 o0 s IR A S (TME) A s = 4R 1 73 A e O 1t — b ik el
BEAH R IERIE AL T AR, R T IX AN IR RS T — AN FilfE R A0 52 o g J A FH A ol
T TCGA NRA M EAAEOLIFE T GEO Kbl i v (Y FLAREE FEAHEAT SN IAIE . GEit 73 Hr sl R,
LT IUWE R 2 2 PR ) 22 35k DR U PP 20 AR T DL — 58 AR BE L D £ L s ) T 15 0L

2. 5 HZE
2.1. BHREFKIR

AHIE T S E i R 2 P 3 (TCGA) SR 1028 424 7L Jlie £ 2 1 SR 4 J D R il , 450 e s AL 8090 DA A
ARG IR B - e REE LA 8. TNM 5. 0708 ERIRES AR 4% . ) GEO
#3577 (https://www.ncbi.nlm.nih.gov/geo/) HH 3R X 1 3k PRl %A T 4 5 GSE20658. 145 441 327 I 7LJ%
e B8 R e AL B A LI PR s . A R B S gk “msigdbr” £, 1EEZ3 species = “Homo
sapiens” , [FIRSfd H G 1E “Insulin. Glycolysis. Gluconeogenesis. Blood Glucose. Glucagon. Glucose”
KR 3 845 /N MUBEAHOC W REK . MUk (Blood glucose) i 1) 2 MLy i) 4 260 WA B2, 4 %7 B (Glucose) 2 LK
FRIAZ oL R 40 » B 1 TLKE 2% (Glucagon) A 5 2 (Insulin) A2 45 R I A2 A5 O RZ 0ol BRI (Glycolysis)
SR AR IR & 1%, BE R 2E (Gluconeogenesis) & A= WAk AEE YD i i A N s AT FE I AR, FRR A AE
T EECE DVBRES P XA T4ERF e e R % R, PRI £ 75 bl

2.2. BHRSTIE

2.2.1. M¥EMEXEFERTFE

T 3 R DAk LM LIS B MBS AR DGR R4, I BRI — B SRR M/ AR . AR
7 5 A B] e el AT i 22 ot 5 2, FRATRH — RV RSk 77 . A S8 “ Insulin,
Glycolysis. Gluconeogenesis. Blood Glucose. Glucagon. Glucose” 7£ 7 T E ¥ & (MSigDB) 1 fifi i
MEA G IR IR I, A 7 A RR TU AR BE R DA R s KA i ik H 5 2L e S8 38 1005 A DG IR IR 6 (AL, X6k MSigDB
A ) I 5L R R AT TCGA-BRCA FEA R 1) 22 S ik SRR R £ o R R 1 E A 1 B R AR R 4R 21
ANTR] 43 Y L e RS R SCHEE I BRI, 72 R B 5 8 A “BiocManager” A0 1EAT INAR 3k R L 1k [ 2% 73
HTr(WGCNA). K B A AL E A R R 75 3[R — ik, 38 v 55 2R DR () R SR AR DGt a6 430 A
B MW AH I BRIE N I B2 1K 2347

2.2.2. —BMBASEARARBMEFTH

A5 FH DA 35 DR 02 I 4% 43 T 795 (WG CINA) M ITILARE A S (R 56 TR P i it 36 A5 L e 6 3 195 4%
DIFICIBE R . JE TR 103X 36 AN MUBEAH G K (1 R KK FRATE TCGA-BRCA FEAR M4, f#H
R 1EF H1 “ConsensusClusterPlus” fiE47 | —BME I K oM. H LB SHUERE T “reps=1000, pltem
=0.8, clusterAlg=km” , XFEEAFIRIGEAT T 1000 YOEAR, XEERERSRFF R M— 8, HEkBRMm K
3477 o I —BUE R R G RATE TCGA-BRCA FEA N T4 8 K, /4 R 15 S H1“survival”
AN “survminer” £[20] 348 H] Kaplan-Meier(KM) =47 73 #r ELAL: I AH 22 18] 1S AR A2 A7 31 (0S) & 5 A7 1E S
FES RIEFH RIBF M “xCell” A 64 Fil Gy 4H AN 5 41 A A 28 fr) 5 DR 2 1k A 1 A7 4t i 2%
RUE ST, AT LR 4 2 1A S AR IR VP o 2 B AP E B 2
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2.23. ERSMRINETRE

£ RE S P “limma” QAT 22 53 70 B I 97 126 H 99 2 T) 1) 22 3658 E K (FDR < 0.05 #1|log2 fold
chang|>1), N T RZE 51X W 2H 2 [R] 22 S 300k B DR R T GRS 2 H- 4R 215 2 AR DG 1 2k R Th RE A s B4R [21],
FAMER T RIES 1K) “clusterprofiler” %} 2 5 2k FL K AT T Thie &£ 0.

2.2.4. FLBREETE RBEITS M3 R IAE

N T R DR ER K P A I 22 Rk e R L e TS AR B, K TCGA-BRCA FEAIZ IR 1:1 Y LL A
Y RINGRAFNBGAEAL o [ I AR IR 43 41 AR H S R RN BRI 2 A A7 25 SR B B B i o L, AR
v 1000 K. {§i ] GEO #i#f 2 1 1) GSE20658 PAFIME N AN KIS UEZH « SR J5 18 LASSO [H] U= FEAR HL R
2 Cox /MM Th ik 4 SIGLERE, IF HAg LT LASSO [BIH T 45 5, fk ) 10 M EFEE N @G
S PP R (AR B o U VP20 IR AG) A R G

score=>'_(Coefi*geneExp)

Horh Coefi RRMZE | MR ZFIFH LASSO [8] 7 AT AR B A DI R 1 R4, geneExp £ i 4
of IR R ik /KT o e HLAR AR 358 R R 7K P 1) S B0 Sy s A U (V7 23 BRIAEL, BT BABIRE AR 93y
I XU 2 (score < HF 37 50 Al g XU 4. (score > F A7 %K) . 13 ] Kaplan-Meier (KM)A: 7723 BT LG 95 20 1Y) s A4
AAFHI(0S). i R T8 F T K “timeROC” A4 ¢TI [8] 32 1% TAERFAE(ROC) i £ FH T PFA0% 56 T I Ak
FHOGEE R A R PP S B 1) 2 Rk AR e T R AR T T M I S AR PR A R E 2R . JF
Hidid GEO #u¥i 1) GSE20658 b\ 5143 5] T 4iiE.

3. &R
3.1. MEEEXERRTFE

%ok EH TCGA-BRCA BASI ) 984 AR REA AN 44 A IEHREARHEAT T 2 33 K43 #7 (log2 FC| > 0.5,
p < 0.05), MILFveH) 7891 MR EIAFERF (1 1(a)). RJEAE MSigDB i) N 25 i h il 4E 51 845 A
AR S HE DR o % 225 S5 2108 5 DR R IfIL R A G 266 RIS SR AT 342 M AHAS I BE TR (1] 1(b))o i A AN ik
PR 2 1 0 24 43 BT 1Rl v FE WD IR 60 00 R I SR RIS, R ax S 5 70 i 10 SR BRI A ORI o 0T A
KRHAT IR M, FFRE EE T R AR Z (M RIRE R, 73 B AR PR E (1A 1(c)). RS T)E &
PARAIREE, SEHRGIEAT RS, BRI G IR, SR 5 I B 5 A E B DG BRAS B i
AR 1(d). it MM (EGE R S 8] A M) I GS A (FERAR X PR 1 S22 E), 3k
PSSR ] PR DR SR (1] 1(e)), B2 0t tH BT Eo R A 1) 36 AN LB AH 5G]

32. ETHRERREAN—BERETE

N T WS MR AR S DR AN FL I TR R &R, A — B SRR B0 TCGA-BRCA BAFIEAT 52K 73
Mro NTHRERAEMEETR, BERAFEIEA N 10 FH£4C 1000 KT RS, HEGX 10 41— Sk &
THor A s (1 2(a)) 1 CDF i AR 2(b)), H HLBEX 4L AR RE A B B 240K TCGA-BRCA
FAFIER B 2H (5] 2(c))o X PR ZH LR FE A AR S AE A7 (0S) FAFAE 35 22 5 (p = 0.0461; 5] 2(e)). [AIHH¢
XPRALENG IR IR E RS B (B 2(d). A TRAA R R AIYE S — SRR HZ R XR,
TAMEH T RIEF 1) “ggalluvial” L6 — & 2 (Al AL E (1] 3(a)). AT EAE H Luminal A B 7L s i
HRF LA CL 4, 1M Luminal A Y (¥ 4> FAFE 234 FE N R IA KPR, 2 —FhiUs 8, 8RN
S BRI PR WAL . X IS TE T 7 A A7 e A h CL BUTIS S 45 21 .
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Figure 1. (a): Volcano plot of differentially expressed genes between tumor tissues and normal tissues in TCGA_BRCA; (b):
Intersection of breast cancer DEGs and blood glucose-related genes; (c): Gene dendrogram and corresponding module colors;

(d): Module-trait relationships; (e): Gene significance across modules
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Figure 2. (a): Cumulative distribution function (CDF) plot for consensus clustering at different values of k; (b): Relative
change in the area under the CDF curve; (c): Consensus clustering heatmap at k = 2; (d): Heatmap of clinicopathological
characteristics and gene expression between two clusters at k = 2; (e): Survival curve at k =2

E 2. (a): k AEMERH—H MR AL RIS EH(COF)E; (b): CDF phZ THEFMEITILE; (c): k=2 R—H%
RAMRE; (d): k=2 EAMREHEXEMIGKREBFHEMEERERE; (e): k=2 HAEFiZ
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Figure 3. (a): Alluvial diagram illustrating the results of different breast cancer subtypes and consensus clustering grouping;
(b): Results of variable selection through univariate Cox regression analysis; (c): Analysis of immune cell infiltration between
the two subtypes using the xCell algorithm
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Figure 4. (a): Bar plot of GO gene enrichment analysis for 368 genes; (b): Bar plot of KEGG gene enrichment analysis for
368 genes; (c): Trajectory plot of LASSO regression independent variables; (d): Diagram of 20-fold cross-validation
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Figure 5. (a): Difference in overall survival time between the two groups in the TCGA-BRCA training set; (b): Time-depend-
ent ROC curve in the TCGA training set; (c): Difference in overall survival time between the two groups in the TCGA-BRCA
validation set; (d): Time-dependent ROC curve in the TCGA validation set; (e): Difference in overall survival time between

the two groups in the GEO dataset
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