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Abstract

In this study, we constructed a risk assessment model based on circadian rhythm-related genes
(Circadian Genes, CRGs) to predict the prognosis and immunotherapy outcomes of breast cancer
(Breast Cancer, BRCA) patients. By analyzing gene expression data and clinical information from
the TCGA database, we identified eight genes associated with prognosis. Through multivariate Cox
regression analysis, we screened these genes and constructed a prognostic biomarker. The prog-
nostic value of this biomarker was evaluated using Kaplan-Meier analysis and Receiver Operating
Characteristic (ROC) curves, and it was validated in the GSE42568 dataset. The results showed that
patients with high-risk scores had poorer prognoses, with area under the curve (AUC) values for 1-
year, 3-year, and 5-year survival rates being 0.667,0.703, and 0.713, respectively. Through Gene Set
Enrichment Analysis (GSEA) and immune landscape analysis, we found that the high-risk group was
significantly enriched in cell cycle pathways and cysteine and methionine metabolism pathways,
while the low-risk group was enriched in immune-related pathways. Additionally, the expression
of immune checkpoint genes was lower in the high-risk group, consistent with poorer prognosis.
Our study reveals the importance of CRGs in breast cancer prognosis and immunotherapy, provid-
ing new directions for future personalized treatment strategies.
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1. 5|

21 FL RS (Breast Cancer, BRCA) (5 B # A& fa S i 61 (1Y) 24.5%, o5 B A i il AH DS BE T 491 1) 15.5%
LIRS R0 R 49 B I e, BSR4 BROR S 2 e s AR RE , 2020 AR i34 230 Jiol[1]. FLAR
S e — PP B AN R TS 15 DL S T AR, TS 2 A [F R A RS s . H R A DL R 4
TRTT A ST R o 2 G A R R0 S5 0 T A i 22 55 0 R A T ERIERE[2] [3]. SR, HHAFRAEAF
RANRIE . AT ECEAMEEENTUG, #2558 RN O TAr S 2 E 2,

BT R 2 24 /NIRRT R I[4] . YR AR A SRS R R, SR BRI G, &
ST F B A0 22 X #% (Suprachiasmatic Nucleus, SCN) LA & K g ) HoAth S8 X, Fe &= AR A QA4
S 55 . FEMIAS X EAZMZ 0 1 E B R R 8 I I B R R R A I AN 32 BT R R AR
(7, X EEIRER R AT LAYE 24 /NI 5 3L B3k . — N IE [ PR B % S IR T B AL PR 55 2 0 32 A e e
REREER 1 (BMALL)FUE R 55 shii i 191 235 11 244#% (Circadian Locomotor Output Cycles Kaput, CLOCK)
T, EATEE JE 2 R (Period, Perl, Per2)flFadft {4 2 2 A (Cryptochrome, CRY1, CRY )%k 3% Ak,
PER M1 CRY EEA{E4IMF PR RIS Bk PERICRY, %5 — BKEE 5 800 240 k%, @i i)
CLOCK/BMALL /- S5k TR A S RIA. ITHK, BRCTEAHER K EEESR Tz 0. B
TR SR A DL R I e 5 R R A8 5 22 509 (G A T i) R R A LA O o AT SRR Y, 2 [B) D' B = R N 26
FURRANR ALK, RIS IR R E N T MCF-7 SRS RUR I P 4= K [5]. FLISIE MR b Per2 1
NSRRI T G R, R A P R AR KT ) E R N £5[6] . Perl 1 Per2 it 5HTFIMR[7]. TENA
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IR P JU e 98 A A S v PR S B A ) A G [8]. SAHAR I IR FLIRAL S L, FLARME 441 CLOCK [
(R IE 7K 5 =i [9]

o988 G B B 358 E R A G G e A s AT AR P 400 B DA R A ey 3 P i v 4 1
YHARZEL R, . IX e 4 T AR IR R R AR AN R R [10] [11]. ERT, SIS AR CHUS BB M. R
s BELIT7 V2508 TS AN R AR b e 62 B RIF IR R ROCR [12] . BIFFER WY, Jibes 2842 11 4 (Tumor Mutational
Burden, TMB)f& % 520 it 83 1) 2 R B . 74552 8 kr 2 sl Va7 5, Rd SRAR B i 1y R IA 1) i
Fo vt B 28 . /N i i A 45 LY BB AR A7 1S DUE K [13] [14] . R AR 7L Boni S L R 5
T 41 #6255 (CD8 1 CDA T 4 ifg) LA K A2 P PEAE T L4k 1 (Programmed Cell Death Ligand 1, PD-L1)F14 g 2
P T R A P B 4 (CytotoxicT Lymphocyte Antigen-4, CTLA-4)%% G4 73 7 1 _E 4 5 [15], B4
T H L2 T 9T SR e R T S IR 5 LI (Brreast Cancer, BC) TG HH 5% I 4 B 16 25 s 2 1] FRIE I LA o

AR, FRATTA) e i 5 5 40 &l % (Cancer Genome Atlas, TCGA) i 2 r () 3L e AH 5% I AR 4k
PERIEE T — DR IEAG AL, TR RE K A 42 4 (Gene Expression Omnibus, GEO) % ¥ e i 1% H B A 11
JEME R BRI AR . ZB AT T RSV 5 TMB (R FIAEJCHE, JRERT T BRI R 5 4
PERT AT A M IR R o XA A3 12 R AR B R % T8 5 LI B FRVR T RO TRUS VR A

2.
2.1 WHEFKIR

AT TCGA ¥ FE[16]13RHL 1 1231 491 L s 5 28 (04 ks DA 1k 25048 AR L BRI PR A B o SRR 1 % s
Bl S m RS BA TR B EEE, KRR BA TN VHE BB ANTA TN 28 S b i AT i —
I3re FHTERAUE RN AE R £ N GEO HlE ZE[17] T #k3K45 . GSE42568 &%= T GPL570 ~F-&IT R, &
104 73 FLIR e IR AR AR LA B 17 AR 9 TE X HE R AR R AR o BT A DA 31 26 M GeneCards %48 23R HX

22. ERRIENERTEERASH

Wit i TCGA #dlsErh 113 Bl IEH A4UM 1118 fi) BRCA LK1 % B RIA AR TR A
(Differentially-Expressed Circadian Genes, DE-CRGs), fifii it ¥ it Jv|log Foldchange (FC)| > 1 H. P Value < 0.05.
SR )G FIFIX e DE-CRGs #E4T3 K A {4 i£(Gene Ontology, GO)J #r il 5T # 3k [A 15 % K 41 7 4= 3 (Kyoto
Encyclopedia of Genes and Genomes, KEGG)if #4347 & 1 i - & [ B AH H.{F FH (Protein-protein interaction,
PP Z% i it STRING #(4fE 2 F11 Cytoscape 3R FA4%E . i@ 3T Cytoscape 3 A AR HI“ cytohubba ”A1“ MCODE”
T o AT AR A e PR AT A

2.3. HRiFSMHAESEIE

B0 R Z FZ Cox [HIH 1k BRCA [ AH SR DA @ T b &4 . KA Kaplan-Meier
(K-M) 73 B F1 3238 3 T A R51E (Receiver Operation Characteristic, ROC) #h £& WEAd iZAr &M HUs il . FIH
GSE42568 Hifii fRxT 1% U br S HEATIRIE . RAJRRIZ M Z AR Cox M 5E 1458 5 A 75 WAL K,
BRI ER . TR B S H, JATHEAT 1 R P2 5 I R AR (8] A SSVE 20 M« 20 )2 20 A DA A A1) 26 ]
Mgt e R HE MR EEACTIIN K 1 4 3 RN 5 F AR AR AR 5 S BRI 1 2 1) ) — Sk

24. ETHRESHMNEREKER S

AT i K 4 55 522 M1 [18] (Gene Set Enrichment Analysis, GSEA), B3 b7 i XU 41 Hh & 45 (38 %,
TR IEAENLH] o T30 54 bRl & 4372 (Normalized Enrichment Score, NES)| > 1. 44 X (nominal,
NOM) P-value < 0.05 H. FDR g-value < 0.25.
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25. RIBLRYWIHT

SR FH DY Fof 928 AH 5 B335 43 BT e IR 2L RHATG JR IS 2 22 ) PR 2 S o 308 b B AR S R 4 ' 46 /3 T [19]
(Single Sample GSEA, ssGSEA) TS A3 AN A b G 8 41 81 12 Th RE A0 vt M DA K S s il 5 . R ES-
TIMATE 51207, H 48 G2 4 I AN S5 5 240 B 1) LR TE B G 2 D120 BV 23 SR B VP 20 DA S M A i
M TIMER 4 FE[21)41 CIBERSORT S35 [22] Tl 45/ i 963 5 24 v 92 T8 4 72 240 L 4] ZEL e

2.6. EERT S

FET TCGA AR 240 i 5 AR K4 , AT T REAL 5 1 TMB, I H i e fE 4RI /G 41 2 18] Y TMB .
[FIBTARYE TMB PEAHEAT A A7 04T ek, @it cBioPortal B 2 7 T %A 24 Hh B 36 R (1) Ak 441 Jf 5%
AE 23]

3. &R
3.1. BRVEEXEENERSTREMFINEESHT

JET GeneCards ##fs FE3KH 1 2045 4~ CRGs, FF41Fk 1 AEmiS RNA. it AH M IE 73 KT 5 EAT7 17
i, 19E] 172 NEE . BhAh, WER ALK BdE JE (Circadian Gene Data Base, CGDB)H 3L T 1078 4
AN CRGs [24]. BUX P E > SR AT 42, 195 1214 DML . BE)S, @idx BRCA 4H4UR I H HL AR
AT Z R AHT, 53] 120 A LiAZERA 134 A FAZEEE 1A). B 1(B)). XRPEIAEHL F,
XL R )RR UK AR T R AU, AR S AR R A . R BN IO O T IR R AR IR L 2
FRIBFEHEY LIRS, RAVFE T GO M KEGG MM & & 0. SRER, HiRZERREILREE
BRI RE . A AR - A0 A DR 52 A DA S MR A S S iE B R (B 1(C) . 1] 1(D)). [T, AL R
R TR 10 A R EE PN R I R 2 A AR PR () 1(E)) . XA BT IRAE 25 1 iRIx He S 4 L A 27 ] 1)
MEAEH KRR, N7 B 2K 2 2 S ROASE R 2 [ A BRI SC &R, AT FIH STRING %4
JEAZ R R - 25 A SR AR T (PP 2%, I8 ] Cytoscape B AF#EAT rTARAL[25] (] 1(F)). Midk—25 it
4 2% ) D BE R HRAE , FRA T IR FhFVEREE 1 70 2 BAE 2% o 12 25 LAY iR/ ROR ZE D R
EIEEB RE R I 7 S IR A5 B, DG T e AR ) 3 4 0¢ RAE IR B R A (M 1(G)). AT AR, Y
MARREE, WAREFERZ MM EERRR, B RBERENAAR. BOaSESE, AT LLE i
RRFL K L R N5 M . Fe)n, % T Cytoscape #4411 MCODE #if:, FRATIAE PPI 4 His) H 7 —A
B, FmfE T 10 MIRAEEE (K] 1(H)). IXAEEFTE PPI %S b BAG R s R B, A AE APl #2 o
RYEAE RBAE R o IX X 2 B R AT R A 5 7L e o3 AL ) A6 7 8 s 1 B B0 R

3.2. REMESHIE

I FREE Cox 20 #T, AR T 11 NS TS AHCHEER, o CCR7 Ml LRGL MR F 2=, H4A
9 MNEFCAMRI R (K 2(A)o AT HE—20 T X BB R 2 (M 16 R, FRATTHEAT 7 105 AH G5 R A AH S
ST, SR EIR R ZHOE R 2 A B B (1 2(B)). AT HE— BRI AR R LR, BE4T T 2 RIE
Cox [ 53 H7 , e 2845 8 3 M N 12 B (1] 2(C)) o BATIE JRIR T AR ep AN R 1 R 50 (1 2(D))
HIER T H5G KBRS 2(B)). i KU P43 J 58 R TS LA XU VT 43 F8 5 227 TCGA MIR4E
h, 14F. 3 4EAI 5 FEAE AR I #h 2% F 1 £H (Area under Curve, AUC) %354 0.667. 0.703 F1 0.713 (4] 2(F))-
A7) = Bl 7R TCGA-BRCA BAFH1, BT CRGs A A0 XU VF 34 i A 70 Ju e AR AR 20, 7
P2 i RIS A TSR] 2(G)) . IR ROC Hl 2R 1E Sz AR EHIXT 1 4E. 3 4EF1 5 447
TN AUC B 53724 0.696. 0.689. 0.682, & HH I AR Tl i ik 24 PEARFAE (] 2(H)). IxX o4 SR B,
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A

BRCA, Breast cancer; FDR, False discovery rate; FC, Fold change; GO, Gene Ontology; BP, Biological process; CC, Cell
component; MF, Molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, Protein-protein interaction.

Figure 1. (A) Volcano plot of 120 up-regulated and 134 down-regulated CRGs in BRCA (FDR < 0.05 and |logFC| > 1). (B)
Heatmap of differential genes between normal breast tissue and cancer tissue. (C) GO enrichment analysis of differential genes
including BP, CC, and MF. (D) KEGG enrichment analysis of differential genes. (E) Correlation between the top ten up-
regulated and down-regulated differential genes. (F) PPI network of the differential genes according to the STRING database.
(G) The hub genes were obtained from the “cytohubba” plugin. (H) The module was obtained from the “MCODE” plugin

1. (A) BRCA = 120 4> L iE#1 134 D TFE# CRGs B9 A LLE(FDR < 0.05 H|logFC| > 1). (B) E#FLAREALR S55=A
Lz BESEFRWHRE. (C) ZREE GO E£ /7B BP, CC # MF. (D) ZFEE KEGG E&E /7 #. (E) A+
M HFFMTEEREEBRIBEXME. (F) RIE STRING HiEELHIMZESFER PPI M4, (G) @i “cytoHubba”

Volcano

MBI RSHRAEE. (H) @Bid “MCODE” #fift3RISHITELR
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Figure 2. (A) Forest plot of 11 circadian rhythm-related differential genes related to prognosis through univariate COX analysis.
(B) The correlations between the eleven genes. (C) Forest plot of the eight genes selected in the signature through multivariate
Cox analysis. (D) Coefficients of the eight genes included in the signature. (E) The correlations between the risk score and the
eight genes. (F) The OS between the high- and low-risk groups in the TCGA-BRCA dataset. (G) The risk plot of the CRGs
signature in the TCGA-BRCA dataset. (H) The predictive value for the 1-year, 3-year, and 5-year OS in the TCGA-BRCA dataset
E 2. (A) BT EBEER Cox SMBEIKNSTEHEAA 11 4 CRGs MFxHE. (B) X 11 MEEZEMHEXM. (C) &
BHEFE Cox FIMENREIIH 8 NEERIRKE. (D) ANFRSIH 8 MEERFE. (E) NEITFH5X 8 ME
EzBFIMEX M. (F) TCGA-BRCA ¥ 5 = X Fa: 48 A0k XU Re: 4B A 2 A 72 HA(Overall Survival, OS)1&5. (G) TCGA-
BRCA ##E&+ CRGs frEMAIXKE . (H) 7£ TCGA-BRCA it 1 £, 3 &7 5 4 0S WHNMNE

3.3. CRGs &I N3 R A58

K GSEA42568 H#is ST i A HEAT IO, 1B B R IFIIREE . Kaplan-Meier A7 T R, &
TR £ 6 3 B A A7 e TR S 35 TR XU LB () 3(A) BEAh, 7 Hidis 42 i RS PF 405 A= A7 I ) 22 A
K ( 3(B)). 7F GSE42568 ¥, 1 4. 3 4EM1 5 4E4EFF AUC 43514 0.773. 0.654 1 0.708 (/4]
3(C))o 1XUE AUC {H 3K WA B ZEAS R I (8] A A T A ek e v, TR BLJRAE 1 4R AN 5 AR AR A7 I T b3
PICARM . 556, @l BEERERMZEE Cox [BIFAHT AT A, U E73 & — A7 i KU R 2 (] 3(D)-
3(E)). IXRWRAE WS PF43 75 7% FE A PRAS S, 9 SR BR8N Hh 5o me B3 1 AR A7 ], gF— 2D IE B
TR AT SRR R

3.4. CRRGs ByFIZ: El4iE

FF IR BRI Cox [BIHHT RIS SR, FRATE R TS0 Ay N A28 B R . W 7T 45 B BoR,
B RS PE I, AEAERT T 4 (5] 4(A)) . RHERHZRR BT, ZA LTI 1 4. 3 481 5 F£A7 0OS
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Figure 3. (A) The OS between the high- and low-risk groups in the GSE42568 dataset. (B) The risk plot of the CRRGs
signature in the GSE42568 dataset. (C) The predictive value for the 1-year, 3-year, and 5-year OS in the GSE42568 dataset.
(D) Univariate Cox regression analysis. (E) Multivariate Cox analysis
3. (A) GSE42568 #ES = XU LEFN{E XU ZEAY OS 15T, (B) GSE42568 H#EEH CRRGs fR=s4MI XK E . (C)
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combined model in the TCGA-BRCA dataset
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3.5. ET CEEGs MIEERBENEE ST

ARG i AR 28 R R e 2 S5 R R AE R R, T T GSEA. SR EIR, mXRGAH R E EE T4
JE HT3 % DA B P e 2 R R R R R PR (5] 5(A))e TEMRXBRZHF, FEEETRIFETE 5 58
P Ak R TE 5 38 RN 4 B R TS24k LA A B (] 5(B)) o FRATIEH H T vy AU 2RI XU 21 ' 43T
Sy E R RT 45 B (1] 5(C). ] 5(D)). it GSEA 43#T, BAHE R T R LA XS 4L AE 2 AN
AmEk R E R XL R IA BT R AR MR K A AL
A C
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Figure 5. (A) KEGG pathway enrichment analysis of the high-risk group. (B) KEGG pathway enrichment analysis of the low-
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pathways with the highest enrichment scores in the low-risk group
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Figure 6. (A) Analysis of differences between high-risk and low-risk groups in immune cell infiltration and immune-related

functions or pathways. (B)~(E) Differences in immune score, stromal score, ESTIMATE score, and tumor purity between

high-risk and low-risk groups. (F) Immune checkpoint analysis
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