b E IR AR Y 48 http://www.biother.cn
+ 876 - Chin J Cancer Biother, Aug. 2026, Vol. 33, No.8

DOI:10.3872/j.issn.1007-385X.2026.08.008 ) é% 1t EE. '? *

ET 2 X R EFHEN TR R ETRREMESIIE

FALSE  $hE  PRAE A A2 A, T (R B A K S8 B IR 0 F 50 P, B Ab 8 B R 06 R B 5 4T
b, RAET B IE R EF RS, BhR G IR 5 R AR LB T ERBE IR G EHF
TEARRE, RET NG AL EHE7ERRKBE, KE 300060)

[ FE] 8 @ 5RHERILIRE MR 1) DNA FLRFIE , 57 1% 5 505 AR 5 ) H A A7 20, 3 8 91 500F 705 TN AR A , 3@ ik
L BB R SR IRV IR R I B . 7 o« AR T R SE TR A T35 CTCGAD His 12 v () L ARS8 A DNA F 34K 2 I B
AR, 570 LR 1 R B . SR BENLAR AR JLASSO [R5 B 5 PR 25 A1 22 K] 25 Cox Hu A JRURG: B U1 43 A A4) 2 Tl Js A 2
18 1 5258 TARRE (ROC) 1 25 A iy 28 A — B0 1 % (C-index) YA B RS, 3 EL AT o A XU 2L 18] 1) 22 4 224 1 25 57, 7
T A B o g2 AR VE A AR R OGS B [ LAMAS [ FIRIE , T S TS MR R . 4 R ERAIEHE T ZFEAMR
I 6 A BT X IR U2 CpG &) 2R B CH IARE . T 2 DR R M3k 3 489 MER LRI R A 1 HF B0 AT 2, &8
Cox Lb 5] U [ VA G735 H 12 AN 55 i A2 77 30 COSO MNT AR 5 BT o5, o7 J 31 X Jak DR A DX IS IR ) (XA A % 44 o JE it
9 12 A B A A 2 (1 T ASE Y, 75 TCGA IR o R AT (9 X 43 B ooy RV 2 i AR A7 A B 25 FE 22 (P = 0.002 50, 5.8 il
104 OS FHl Hi 2k N A (AUC) 1% 0.88~0.94. 221 A0 M o, iy AU 20 2. 288 J5U0 A0 i 1 0 (MAPKO {5 5 I B 80 , TP53 2
DR 9 AR AT 2R 5y, MR A2 1 o B I 3RIA AR o 4 TPS3 SR JME IS 25 52 44 1 (ESR1DmRNA Fik /KPS 8 2 H AR AR N
B W i A A LR IR LT A B — 2B 4R T, AHGUN IR Bk, IR e [ LAMAS B8 AR IE A R A OS 2 (P =
0.046) , H. 5 4T = B Mk FLIRE , 15 10780 o UG 20 A e PROR BRARSAE — 30 48 4 - B0 G R 3 T AR 3 7 IX 3845 B EE T 124
TR A R AT ] TR R LI B TR 202 o BRA RS JTP53 %848 X ESR1 mRNA FIE KV M BRI 45 6 51 25 B B R H %
B R A R B S (1 TR AR RE

[K5EIR)]  DNA H A SRR LI s WL % 5 TS AR i) s Tl A 2

[(FESZES] R737.9;R730.7 [ZEkPRIRES] A [STEHS]  1007-385X(2026)08-0876-10
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[Abstract] Objective: This study aims to systematically characterize the unique DNA methylation landscape of breast cancer in young
women (BCYW), identify prognosis-associated methylation loci, develop and externally validate a robust prognostic prediction model,
and further elucidate its clinical utility via multi-omics integration analysis and protein-level validation of a pivotal candidate gene.
Methods: DNA methylation and clinical data were obtained from The Cancer Genome Atlas (TCGA). BCY W-specific methylation loci
were identified. A prognostic prediction model was developed using random forest, LASSO regression, and univariate and multivariate
Cox regression analyses. The predictive performance of the constructed model was comprehensively evaluated using receiver operating
characteristic (ROC) curves, calibration plots, and the concordance index (C-index). Multi-omics characteristics were compared
between high-risk and low-risk subgroups. In an independent cohort, immunohistochemistry was performed to assess the association
between LAMAS protein expression and clinical outcomes. Results: Compared with their older counterparts with breast cancer, young
patients exhibited prominent hypomethylation in promoter regions, which was particularly pronounced within CpG islands. Through a

multi-step differential methylation analysis, a total of 3 489 BCY W-specific methylation loci were identified. Subsequent univariate and
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multivariate Cox regression analyses further screened out 12 loci that were independently correlated with overall survival (OS), among
which 4 were located in promoter regions, 4 in gene body regions, and the remaining 4 in intergenic regions. The prognostic prediction
model constructed based on these 12 methylation loci exhibited satisfactory discriminative performance in the TCGA training cohort,
where patients assigned to the high-risk subgroup presented significantly worse overall survival outcomes (P = 0.002 5). The areas
under the curve (AUCs) for 5-, 8-, and 10-year OS prediction ranged from 0.88 to 0.94. Multi-omics analysis revealed that the high-risk
subgroup exhibited the activation of the mitogen-activated protein kinase (MAPK) signaling pathway, higher frequency of TP53
mutations, and lower expression of estrogen receptor alpha protein. Incorporating key multi-omics indicators, including TP53 mutation
status and estrogen receptor 1 (ESR1) mRNA expression level, into the comprehensive nomogram further significantly improved the
model's predictive performance. Tissue microarray-based immunohistochemical validation demonstrated that young breast cancer
patients with negative LAMAS protein expression exhibited significantly shorter OS (P = 0.046), and this phenotype was enriched in
triple-negative breast cancer, consistent with the clinicopathological features of the high-risk group defined by the methylation model.
Conclusion: The 12-methylation-site model integrating promoter and non-promoter region information shows potential for prognostic

stratification in young patients with breast cancer. The multi-omics nomogram constructed by combining age, TP53 mutations and

ESR1 mRNA expression level demonstrated superior predictive performance over the methylation-only model.

[Key words] DNA methylation; breast cancer in young women (BCYW); epigenetics; prognostic biomarker; prediction model
[Chin J Cancer Biother, 2026, 33(8): 876-885. DOI:10.3872/j.issn.1007-385X.2026.08.008]
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