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LINCO00511 in Breast Cancer: A Bioinformatics Exploration
of Its Prognostic Value, Functional Mechanisms, and Role in
Tumor Immunity
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Abstract

Objective: This study preliminarily examines the clinical value and molecular mechanisms of LINC00511 in breast
cancer (BRCA) through bioinformatics analysis. Methods: Expression data of LINC00511 and related information
for BRCA samples were collected from the TCGA website. The levels of LINC00511 in cancerous and normal tissues
were compared using the Wilcoxon rank-sum test. The relationship between LINC00511 levels and clinicopathological
features was examined using the chi-square test. Additionally, Kaplan-Meier and Cox regression analyses were
employed to evaluate the prognostic significance of LINC00511. Finally, to determine the biological functions and
molecular mechanisms of LINC00511, functional enrichment and immune infiltration analyses were performed using
the Xiantao Academic website. Results: LINC00511 was found to be upregulated in BRCA. LINC00511 expression
was closely related to T stage, pathological stage, race, estrogen receptor (ER), and progesterone receptor (PR). For
BRCA patients, independent prognostic factors included older age (>65 years), advanced pathological stages (III and
IV), and elevated LINC00511 levels. Enrichment analysis demonstrated the close association of LINC00511 with the
IL-17 signaling pathway, estrogen signaling pathway, chemical carcinogenesis, and drug metabolism. Furthermore,
LINC00511 expression was significantly related to the level of immune cell infiltration. Conclusion: LINC00511 is
significantly overexpressed in BRCA, and elevated levels of this factor are associated with a reduction in overall survival
in BRCA patients. LINC00511 not only possesses a high degree of clinical value in the diagnosis and prognosis of
BRCA but also has the potential to serve as a target for immunotherapy.
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Introduction

BRCA is the primary factor in cancer-related fatalities
among women, with both its incidence and mortality rates
rising each year [1]. A 2020 data study revealed that BRCA
incidence among women accounted for 11.7% of all cancer
incidences, surpassing lung cancer as the most prevalent
cancer for the first time [2]. The International Agency for
Research on Cancer (IARC) forecasts that BRCA incidence
will continue to grow, anticipating over 3 million new
cases globally by 2040 [2]. This indicates that BRCA
poses a significant threat to human health, particularly
affecting women. Despite some therapeutic success in
early-stage BRCA with conventional treatments such as
surgery, radiotherapy, and pharmacological approaches
(including chemotherapy, targeted therapy, endocrine
therapy, and immunotherapy), tumor recurrence and

metastasis remain challenging issues in clinical treatment
[3]. For advanced BRCA patients, targeted therapy based
on the expression of key genes has become an important
treatment method in addition to systemic chemotherapy.
However, drug resistance often leads to unsatisfactory
therapeutic outcomes for advanced BRCA. Therefore, it
is imperative to discover reliable prognostic biomarkers
to enable the implementation of personalized treatment
strategies.

IncRNAs are transcripts containing over 200 bases
that do not have protein-coding ability. However, in-depth
research has found that some IncRNAs possess a certain
protein-coding ability [4-7]. This significant discovery
has garnered widespread attention for IncRNAs. Most
IncRNAs are located in the cytoplasm or nucleus, where
they can influence gene expression and function by
regulating processes such as epigenetics, transcription,
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and post-transcription [8], thereby contributing to
physiological processes like cell growth and programmed
cell death [9, 10]. LINC00511 belongs to the IncRNA
category and was discovered by Cabanski et al. in 2015 as
an RNA gene primarily associated with lung cancer [11].
LINC00511 is located in the q24.3 region of chromosome
17, with a full length of 1716 nucleotides [12]. Previous
research has demonstrated that LINC00511 is abnormally
expressed in several cancers, including colorectal, non-
small cell lung, cervical, gastric, and hepatocellular
cancers [13-17]. These studies have shown that aberrant
expression of LINC00511 affects the biological functions
of these cancer cells, indicating that LINC00511 is a
crucial molecule influencing the progression and survival
outcomes of malignant tumors. Although previous
studies have found that LINC00511 is overexpressed in
BRCA [18], the sample size in those studies was very
limited. This conclusion needs further substantiation,
and the clinical significance and mechanism of action
of LINC00511 in BRCA remain to be fully elucidated,
necessitating further comprehensive research.

This research examines the expression levels of
LINCO00511 in BRCA patients using bioinformatics
and investigates its correlation with clinical pathology
and prognosis. Furthermore, a nomogram model is
developed to estimate the prognosis of BRCA. Finally,
we preliminarily explore the mechanism of LINC00511
in BRCA. Our research indicates that LINC00511 holds
significant value in both the diagnosis of breast cancer and
the prediction of prognosis for BRCA patients.

Materials and Methods

Collection of data

In April 2024, clinical information and LINC00511
expression data (TPM format) of BRCA samples were
collected from the TCGA (https://cancergenome.nih.gov/).
All patients had not received anti-tumor treatment prior to
registration. We extracted 1,231 samples from the TCGA
breast cancer project. After eliminating 23 duplicate cases,
we finally retained 1,208 independent samples, including
1,095 tumor samples and 113 normal control samples.
Subsequently, we excluded patients with missing clinical
information from the tumor cohort to ensure the reliability
of the data and the rigor of the analysis. The download
and processing procedures of the TCGA data are shown
in Figure 1.

Nomogram Construction and Validation

Univariate COX analysis was performed to screen
for potential prognostic factors. Variables with a P value
< 0.05 in univariate analysis were further incorporated
into multivariate COX regression analysis to identify
the prognostic factors of BRCA patients. In addition, we
established a nomogram model based on these prognostic
factors using the “rms” package to predict the prognosis
of BRCA patients. ROC curves were plotted using the
“timeROC” package, and the accuracy of the model was
evaluated by the area under the curve (AUC), and the
model performance was assessed through calibration.
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Analysis of function, pathways and immune infiltration

Using the GEPIA database [19], we evaluated the
relationship between LINCO00511 levels and various
immune checkpoints. Differentially expressed genes
(DEGs) were analyzed using Xiantao tools (https://
www.xiantao.love/) [20], with genes having a p-value
< 0.05 and [|log2-fold-change (FC)| > 1 included as
DEGs. A functional enrichment analysis was conducted,
encompassing both Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analyses.
Furthermore, this study also explored the correlation
between the level of LINC00511 and the degree of immune
infiltration through the “ssgsea” algorithm.

Statistical Analysis

R software (version 4.3.3) was used for statistical
analysis and graphical presentation in this study. To
compare LINC00511 expression levels between tumor
and non-tumor samples, the Wilcoxon rank-sum test and
Wilcoxon signed-rank test were utilized. The diagnostic
performance of LINC00511 for BRCA was evaluated
by plotting receiver operating characteristic (ROC)
curves using the pROC package. The chi-square test was
employed to evaluate the correlation between LINC00511
expression and clinical pathological characteristics, while
the Kaplan-Meier method was used to analyze survival
prognosis. To identify independent factors influencing the
survival prognosis of BRCA patients, both univariate and
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Figure 1. Flowchart of TCGA-BRCA Sample Selection
and Exclusion Criteria. A flow diagram illustrating the
sample inclusion/exclusion process for the TCGA-
BRCA cohort. A total of 1,231 TCGA-BRCA samples
were initially collected, and 23 duplicate samples were
removed, leaving 1,208 unique samples. These samples
were classified into tumor (n=1,095) and normal (n=113)
groups. Tumor samples were further filtered according
to the following exclusion criteria: overall survival (OS)
=0 or OS = =7 (n = 22), unknown ER status (n = 2),
unknown pathologic stage (n = 13), unknown race (n =
77), unknown PR status (n = 51), unknown HER?2 status
(n =315), and unknown T stage (n = 4). After applying
these criteria, 611 tumor samples with complete clinical
information were retained for subsequent analyses.




multivariate Cox regression analyses were conducted.
Correlations were assessed using Spearman correlation.
All hypothesis tests were two-sided, with a p-value of less
than 0.05 deemed statistically significant.

Results

LINC00511 is Upregulated in BRCA

We downloaded 113 normal and 1,095 cancer
tissue samples from the TCGA website. The Wilcoxon
rank-sum test revealed a significant elevation of
LINCO00511 expression in cancer tissues compared to
normal tissues (Figure 2A). Similarly, the Wilcoxon
signed-rank test showed that LINC00511 expression was
significantly higher in 113 cancer tissue samples compared
to their corresponding normal tissue counterparts
(Figure 2B). Additionally, the ROC curve indicated
that the area under the curve (AUC) was 0.844 (95%
CI: 0.792-0.896), suggesting that LINC00511 could
effectively distinguish between cancerous and non-
cancerous tissues, making it a valuable diagnostic
biomarker for BRCA (Figure 2C).

Clinical data and pathological characteristics of BRCA
patients

We collected clinical pathological characteristics of
1,095 BRCA samples from the TCGA database, including
race, age, T stage, N stage, pathological stage, ER status,
PR status, HER2 status, primary tumor location, and
LINCO00511 expression. After excluding samples with
missing clinical information, 611 samples were included
in the subsequent analysis (Table 1).

Relationship Between LINCO00511 and Clinical
Pathological Characteristics

The median LINC00511 expression was used as
the dividing line, and the study population was divided
into two groups: the high expression group and the low
expression group. The chi-square test was then applied to
analyze the correlation between LINC00511 expression
and clinical pathological characteristics. The findings
indicate that LINC00511 expression is significantly
associated with five factors: T stage (P=0.017), pathologic
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Table 1. Clinicopathological Information of 611 Breast
Cancer Patients

Characteristics level Overall (N=611)
Race (%) Asian 43 (7.0)
Black 89 (14.6)
White 479 (78.4)
Age (%) <65 443 (72.5)
>65 168 (27.5)
T stage (%) TI+T2 518 (84.8)
T3+T4 93 (15.2)
N_stage (%) NO 304 (49.8)
N1+2+3 307 (50.2)
Pathologic_stage (%) I+11 466 (76.3)
H+HIV 145 (23.7)
PR status (%) Negative 208 (34.0)
Positive 403 (66.0)
ER_status (%) Negative 144 (23.6)
Positive 467 (76.4)
HER2 status (%) Negative 482 (78.9)
Positive 129 (21.1)
Primary tumor location  Left 329 (53.8)
(%) Right 282 (46.2)
LINC00511 (%) High group 306 (50.1)
Low group 305 (49.9)
Status (%) Alive 544 (89.0)
Dead 67 (11.0)

stage (P=0.010), Race (P=0.048), ER status (P<0.001),
and PR status (P<0.001) (Table 2).

The Relationship Between LINC00511 and the OS of
BRCA Patients

Kaplan-Meier curves were plotted to investigate
the correlation between the various factors and the OS
of BRCA patients (Figure 2). The findings indicated
that BRCA patients with high levels of LINC00511
expression had significantly worse OS (P=0.007).
Additionally, younger age (<65 years), early T stage T1/
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Figure 2. Evaluation of LINC00511 Expression and Its Diagnostic Efficacy in BRCA. (A) Comparison of LINC00511
level in 1095 cancer tissues and 113 normal tissues. (B) Comparison of LINC00511 level in 113 cancer tissues and
paired normal tissues. (C) ROC curve showing LINC00511's ability to distinguish between cancerous and normal
tissues in BRCA.
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Table 2. Correlation between LINC00511 Expression
and Clinicopathological Features

Characteristics Low group High group P value

n 305 306

Race, n (%) 0.004
Black 34 (5.6%) 55 (9%)

White 256 (41.9%) 223 (36.5%)
Asian 15 (2.5%) 28 (4.6%)

Age, N (%) 0.699
<65 219 (35.8%) 224 (36.7%)
>65 86 (14.1%) 82 (13.4%)

T_stage, N (%) 0.017
T1+T2 248 (40.6%) 270 (44.2%)

T3+T4 57 (9.3%) 36 (5.9%)

N_stage, N (%) 0.544
NI1+2+3 157 (25.7%) 150 (24.5%)

NO 148 (24.2%) 156 (25.5%)

Pathologic_stage, N (%) 0.01
I+11 219 (35.8%) 247 (40.4%)
+1v 86 (14.1%) 59 (9.7%)

ER_status, N (%) <0.001
Positive 279 (45.7%) 188 (30.8%)
Negative 26 (4.3%) 118 (19.3%)

PR _status, n (%) <0.001
Positive 244 (39.9%) 159 (26%)

Negative 61 (10%) 147 (24.1%)

HER?2 status, N (%) 0.782
Positive 63 (10.3%) 66 (10.8%)
Negative 242 (39.6%) 240 (39.3%)

Primary_tumor location, N (%) 0.774
Right 139 (22.7%) 143 (23.4%)

Left 166 (27.2%) 163 (26.7%)

Status, N (%) 0.003
Alive 283 (46.3%) 261 (42.7%)

Dead 22 (3.6%) 45 (7.4%)

T2, early pathological stage (I and IT), and No lymph node
metastasis were associated with longer overall survival
(Figure 3).

To verify the results obtained from the K-M survival
analysis, we conducted univariate and multivariate Cox
proportional hazards regression analyses. Consistent with
the observations from the K-M curve, the univariate Cox
analysis indicated that age, T stage, N stage, pathological
stage, and LINC00511 expression were all significantly
associated with OS. Multivariate COX regression analyses
of the above four factors were performed and the results
showed that age [HR=3.272 (1.987 - 5.386), P<0.001],
pathological stage [HR=3.351 (1.584 - 7.087), P=0.002],
and LINC00511 expression [HR=2.063 (1.172 - 3.633),
P=0.012] were independent prognostic factors for BRCA
patients (Table 3).

In conclusion, both Kaplan-Meier curves and Cox
regression analysis indicate that LINC00511 expression
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in BRCA is closely related to patient prognosis.

Development and Validation of Nomogram

A nomogram was constructed to assess the one-year,
three-year, and five-year OS probabilities of BRCA
patients (Figure 4), providing a theoretical reference for
clinicians to evaluate the OS of BRCA patients.

Moreover, we evaluated the performance of the
nomogram model using ROC and calibration curves.
The ROC curves demonstrated that the AUCs for
one-year, three-year, and five-year OS were 0.854, 0.778,
and 0.744, respectively (Figures SA-C), indicating good
discriminatory ability of the nomogram prediction model.
The calibration curves showed high consistency between
observed and predicted results (Figures 5D-F), suggesting
good calibration ability of the nomogram.

Biological Function and Signalling Pathway Analysis

Biological function analysis indicated that gene
sets regulated by LINC00511 are primarily associated
with biological processes such as skin development,
keratinization, passive transmembrane transporter
activity, and gated channel activity (Figure 6A).
KEGG pathway analysis results showed that gene sets
regulated by LINC00511 are closely related to multiple
conduction pathways, including chemical carcinogenesis,
cytokine-cytokine receptor interaction, estrogen signaling
pathway, IL-17 signaling pathway, cytochrome P450
metabolism of xenobiotics, and drug metabolism
(Figure 6B). These findings suggest that LINC00511
may impact BRCA development by mediating the
aforementioned signaling pathways.

Relationship Between LINC00511, Immune Cell
Infiltration, and Immune Checkpoints

The present study assess the relationship between
the immune infiltration in the tumour microenvironment
and the expression of LINC00511, utilising the Xiantao
academic website. The findings suggest that LINC00511
levels were negatively correlated with the infiltration
levels of certain immune cells, especially eosinophils,
Th17 cells, mast cells, and NK CD56 Bright cells.
Conversely, there is a positive correlation between levels
of LINC00511 and the degree of infiltration of Th1 cells,
macrophages and Tgd cells. (Figure 7A). Additionally, Our
study revealed a significant positive correlation between
LINC00511 expression levels and the expression of
immune checkpoints PD1 (PDCD1), CTLA4, and PD-L1
(CD274). (Figures 7B-D). Overall, our study indicates
that LINC00511 may influence the occurrence and
development of BRCA by interacting with immune cells.

Discussion

BRCA has become the number one “killer” of women’s
health [21]. Despite significant improvements in 5-year
survival rates for BRCA patients due to advances in science
and technology and continuous improvement in treatment
methods, more satisfactory therapeutic effects have yet to
be achieved [22]. Therefore, identifying diagnostic and
prognostic factors and potential mechanisms for BRCA
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is crucial for early diagnosis and the implementation of
precise individualized treatment. The dysregulation of
IncRNAs levels has been widely reported in the literature
as a significant factor in the induction of various cancers
[23]. Some IncRNAs have been shown to facilitate
cancer screening and diagnosis, as well as predict
survival outcomes in cancer patients. For example,
IncRNA DARS-ASI has high predictive value for the
prognosis of gastric cancer, hepatocellular carcinoma,
and lung adenocarcinoma [24], while IncRNA PCAT19

is downregulated in colorectal cancer and serves as a
novel indicator for diagnosing colorectal cancer [25]. In
this study, we focus on a novel BRCA-promoting gene,
LINC00511.

Previous research has confirmed that LINC00511
is upregulated in BRCA [18]. Our study additionally
revealed that LINC00511 expression is markedly elevated
in BRCA tissues relative to normal tissues, indicating that
LINCO00511 may be a pivotal factor in the predisposition
to BRCA. Moreover, ROC analysis shows that LINC00511
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Table 3. Cox Regression Analysis of LINC00511 and Clinicopathological Features

Characteristics Total(N) Univariate analysis Multivariate analysis
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Race 611

Black 89 Reference

White 479 1.176 (0.581 - 2.381) 0.652

Asian 43 1.227 (0.331 - 4.553) 0.76
Age 611

<65 443 Reference Reference

>65 168 3.220(1.975 - 5.250) <0.001 3.272 (1.987 - 5.386) <0.001
T status 611

T1+T2 518 Reference Reference

T3+T4 93 2.348 (1.367 - 4.035) 0.002 1.566 (0.809 - 3.031) 0.183
N_status 611

N1+2+3 307 Reference Reference

NO 304 0.607 (0.371 - 0.994) 0.047 1.131 (0.586 - 2.183) 0.715
Pathologic_stage 611

I+ 466 Reference Reference

HI+IV 145 3.144 (1.932 - 5.116) <0.001 3.351 (1.584 - 7.087) 0.002
ER _status 611

Positive 467 Reference Reference

Negative 144 1.590 (0.946 - 2.670) 0.08 1.361 (0.774 - 2.394) 0.284
PR _status 611

Positive 403 Reference

Negative 208 1.111 (0.677 - 1.824) 0.677
HER? status 611

Positive 129 Reference

Negative 482 0.657 (0.378 - 1.143) 0.137
Primary tumor location 611

Right 282 Reference

Left 329 1.009 (0.624 - 1.634) 0.97
LINC00511 611

Low group 305 Reference Reference

High group 306 2.031 (1.219 - 3.383) 0.007 2.063 (1.172 - 3.633) 0.012
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picting correlations between LINC005 11 and immune checkpoint-related genes: PDCDI1 (B), CTLA4 (C), and CD274
(D). The x-axis shows log2(LINC00511 TPM) and the y-axis shows log2(gene TPM). The correlation coefficient (R)
and P value are indicated in each panel.

has strong discriminatory ability for cancerous versus
non-cancerous tissues, and Mahmoud’s study on the
serum of Egyptian BRCA patients also suggests that
LINCO00511 possesses high diagnostic value in BRCA
[12]. Further analysis reveals that LINC00511 expression
was significantly associated with ER status, PR status,
T stage, and pathological stage, whereas no meaningful

relationship was observed with tumor laterality, N stage, or
HER?2 status. These findings differ from those reported in
the study by Lu, which identified no significant correlations
between LINC00511 expression and ER status, PR status,
or HER?2 status, but demonstrated strong associations
with pathological stage and lymph node status [18]. The
contradictory results can be attributed to two possible
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reasons. First, the sample size difference: our study is a
large-scale data study, while Lu’s study included only 39
patients, possibly leading to errors; second, differences
in patient populations: our study collected patients from
around the world, while Lu’s study included only Chinese
patients. Therefore, our study’s conclusions should be
more convincing and require further validation with more
BRCA tissue samples.

Survival analysis shows that both Kaplan-Meier and
Cox regression results indicate that BRCA patients with
high LINC00511 expression have shorter OS. These
findings indicate that LINC00511 is highly valuable for
assessing the prognosis of BRCA patients. Additionally,
this study found that age, pathological stage, and
LINCO00511 are independent prognostic factors for
BRCA. Using these four prognostic factors identified
through multifactorial analysis, we developed a clinical
prediction model to estimate the OS of BRCA. Both ROC
and calibration curves indicate that the clinical prediction
model has good predictive value. In clinical practice,
healthcare professionals can use the nomogram model
to accurately and efficiently estimate the OS of BRCA ,
thereby enhancing work efficiency. The aforementioned
studies clearly demonstrate the significance of LINC00511
in BRCA. Therefore, a thorough exploration into the
mechanisms of LINC00511 in BRCA is essential.

Biological function and signaling pathway enrichment
analyses, revealing that LINC00511 is closely related to
multiple conduction pathways, including IL-17 signaling
pathway, chemical carcinogenesis, estrogen signaling
pathway, and drug metabolism. IL-17 (interleukin-17) is
an important cytokine involved in inflammatory response
and immune regulation [26]. It has been reported in the
literature that that IL-17 and its receptor are expressed in
BRCA cells and the tumor microenvironment, influencing
BR(CA’s biological behavior through various mechanisms.
The IL-17 signaling pathway can regulate BRCA cell
proliferation, invasion, and metastasis by activating
downstream signaling pathways such as the ERK
(extracellular signal-regulated kinase) [27] and NF-kB
(nuclear factor-kB) pathways [28], leading to an imbalance
between cell proliferation and apoptosis, increasing tumor
growth and metastasis capacity. Additionally, the IL-17
signaling pathway is related to tumor immune evasion, as
BRCA cells can inhibit immune cell activity by expressing
IL-17 receptors, thus evading immune surveillance and
attack [29]. Therefore, LINC0051] may participate in
BRCA progression by regulating the IL-17 signaling
pathway. Furthermore, the estrogen signaling pathway is
another critical pathway in the context of BRCA. Estrogen
is an important hormone that exerts its effects by binding
to estrogen receptors (ER). In BRCA, ER can be divided
into two types: ERa and ERpS, with ERa expression
being more closely related to BRCA occurrence and
development [30, 31]. When estrogen binds to ERa, it
triggers a series of signal transduction pathways, including
the Ras/MAPK (Ras/mitogen-activated protein kinase)
and PI3K/AKT (phosphoinositide 3-kinase/protein kinase
B) pathways, leading to cell proliferation, differentiation,
and survival, thereby promoting BRCA cell growth and
metastasis [32]. Our study indicates that LINC00511 is
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related to the estrogen signaling pathway, and previous
studies also suggest that LINC005 11 expression is closely
related to ER status. These findings imply that LINC00511
may exert its effects by regulating the estrogen signaling
pathway.

A substantial body of research has demonstrated
that the tumour microenvironment plays a pivotal
role in regulating the growth and migration of tumour
cells, as well as influencing the response of tumour
cells to treatment [33]. This evidence indicates a strong
correlation between the tumour microenvironment
and the process of cancer development. Signalling
pathway enrichment analysis showed that LINC00511
was closely associated with the IL-17 pathway, and
previous studies have indicated that the IL-17 pathway
plays a pivotal role in the immune evasion process of
tumour cells [29]. Consequently, it can be postulated that
LINC00511 may have a correlation with immune cells
within the tumour microenvironment. To substantiate
our suspicions, we sought to determine the relationship
between LINC00511 levels and the degree of infiltration
of immune. In a surprising discovery, LINC00511 showed
a strong association with the infiltration degree of various
immune, suggesting that LINC0051] may influence
BRCA development and prognosis through interactions
with immune cells. As an emerging cancer treatment
method, tumor immunotherapy is an important part of
treating advanced malignant tumors. Research shows that
two conditions need to be met for immunotherapy to be
effective. Firstly, The tumour microenvironment must be
adequately infiltrated by immune cells. Secondly, immune
checkpoints must be expressed at an adequate leve [34].
Therefore, this study also assessed the correlation between
LINC00511 and three immune checkpoints. The findings
indicated that LINC00511 is closely related to PD1
(PDCD1), CTLA4, and PD-L1 (CD274), this suggests
that LINC00511 could potentially be targeted for future
immunotherapy.

Although previous studies in BRCA and other
malignancies have suggested that LINC0051] may
contribute to tumor initiation and progression, most
available reports focus on a single aspect (e.g., differential
expression or one specific pathway). A comprehensive
study integrating expression patterns, prognostic value,
potential mechanistic insights, and the tumor immune
microenvironment within a unified framework remains
limited. Building on the existing literature, our study
advances current knowledge in the following ways:

Systematic clinical relevance: We validated the
differential expression of LINC00511 in BRCA cohorts
and evaluated its association with overall survival,
suggesting that LINC00511 may serve as a potential
prognostic biomarker.

Novel mechanistic clues: Through functional
enrichment analyses (GO/KEGG) and correlation
analyses, we identified that LINC0051] may be involved
in processes such as the IL-17 signaling pathway and the
estrogen signaling pathway, providing testable hypotheses
for subsequent mechanistic investigations.

An immune-related perspective: We further
demonstrated significant associations between LINC00511



expression and immune cell infiltration, as well as the
expression of immune checkpoint genes (e.g., PDCDI,
CTLAA4, and CD274), implying a potential link to immune
microenvironment regulation and/or immunotherapy
response. This complements prior studies in which
immune-related aspects have been less thoroughly
discussed.

Taken together, our findings provide a more integrated
view of the role of LINC00511 in BRCA and offer a
rationale for future studies exploring its potential utility
in patient stratification and therapeutic targeting.

Nevertheless, this study is primarily a retrospective
analysis based on public databases and lacks systematic
experimental validation at the cellular and animal levels.
Future work will include in vitro gain- and loss-of-function
assays, mechanistic experiments (e.g., RIP, ChIRP, dual-
luciferase reporter assays, and ChIP-based analyses),
and in vivo tumorigenesis/metastasis models to validate
our observations and further elucidate the underlying
molecular mechanisms.

In conclusion, LINC00511 holds promise as a future
biomarker for diagnosing, prognosticating, and guiding
immunotherapy in BRCA. Nevertheless, the specific
mechanisms of LINC00511 in BRCA require further
elucidation.
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