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Abstract: Background: The tumor microenvironment (TME) of breast cancer (BRCA) influences disease progres-
sion through dynamic interactions between immunity and stroma, but its key regulatory molecules and prognostic 
value remain to be elucidated. The aim of this study was to explore the prognostic potential of immunoglobulin 
λ-like polypeptide 5 (IGLL5) in BRCA and its association with immune infiltration in TME. Methods: 1178 BRCA 
cases were obtained from The Cancer Genome Atlas (TCGA) database. CIBERSORT and ESTIMATE computational 
methods were used to quantify the composition of tumor-infiltrating immune cells (TICs) and the presence of im-
mune and stromal components. Prognostic indicator closely associated with BRCA was identified by Cox regression 
analysis and protein-protein interaction (PPI) network construction. Through Gene Set Enrichment Analysis (GSEA) 
and other means, the correlations between IGLL5 expression and patient survival, immune activities, metabolic 
pathways, and immune cell types were studied. Results: Overall survival was significantly prolonged in patients with 
high IGLL5 expression (HR=0.62, 95% CI 0.45-0.86, P=0.013) and positively correlated with immune-activating 
pathways (complement signaling, interferon response) and anti-tumor TICs (CD8+ T cells, M1 macrophages) (r>0.3, 
P<0.001) and negatively correlated with tumor-promoting TICs (M2 macrophages, resting NK cells). The low IGLL5 
group was enriched in metabolic pathways (estrogen response, oxidative phosphorylation), suggesting that it may 
promote immune escape through metabolic reprogramming. Conclusion: IGLL5 is a novel prognostic marker for 
BRCA, and its expression level affects patient survival by modulating TME immune infiltration and metabolic repro-
gramming. This study provides a theoretical basis for IGLL5-directed immunotherapeutic strategies (e.g., combining 
PD-1 inhibitors), and its mechanism needs to be verified by multicenter clinical cohorts and functional experiments 
in the future.
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Introduction

Breast Cancer (BRCA), the most common malig-
nant tumor among female patients worldwide, 
accounted for 11.6% of all newly diagnosed 
cancer cases globally in 2022, resulting in 
665,684 deaths and continuing to grow at  
a rate of approximately 0.6% per year [1, 2]. 
Currently, the treatment of BRCA includes sur- 
gical resection, chemotherapy, radiotherapy, 
and targeted therapy. Although the five-year 
survival rate of BRCA has been greatly impro- 
ved with the development of technology, some 
patients will have a poor prognosis due to de- 
layed diagnosis, metastasis and other factors 
[3-5]. Consequently, there is an urgent need to 

find effective markers for early diagnosis, prog-
nosis and treatment of BRCA. 

The tumor microenvironment (TME), an impor-
tant part of the tumor mass, which consists of 
tumor cells, fibroblasts, immune and inflamma-
tory cells, stromal cells, intercellular matrix, mi- 
crovessels, and biological molecules that infil-
trate them [6, 7]. Emerging evidence highlights 
the TME as a critical orchestrator in the patho-
genesis of bladder cancer and glioblastoma [8, 
9]. Tumor-infiltrating immune cells (TICs) within 
the TME are crucial for tumor diagnosis, deter-
mining clinical treatment sensitivity, and influ-
encing patient survival outcomes [10]. The stro-
mal cells and immune cells in the TME are 
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involved in the tumor progression [11]. Previous 
studies have shown that TME score has a high 
sensitivity in predicting the efficacy of immuno-
therapy in gastric cancer [8, 12]. TME acts as  
a complex ecosystem, which could support 
tumor growth as well as metastasis while atten-
uating immunosurveillance [7, 13-15]. TME has 
recently emerged as an important player in 
BRCA progression and could be a future thera-
peutic target [7]. Currently, BRCA is considered 
an immunogenic and vascularized tumor. Se- 
veral studies have found that the immune cells 
infiltrated in the TME block the effective antitu-
mor response [16]. Nevertheless, the specific 
regulatory mechanism of the role of the TME in 
BRCA remains unclear. Therefore, a compre-
hensive understanding of the characteristics  
of the TME is urgently needed to improve the 
immunotherapy.

In the current study, we used ESTIMATE and 
CIBERSORT computational methods to deter-
mine the proportion of TICs and the ratio of 
immune and stromal components in BRCA 
samples sourced from The Cancer Genome 
Atlas (TCGA) database. Moreover, we have 
uncovered that immunoglobulin lambda-like 
polypeptide 5 (IGLL5) may serve as a potenti- 
al indicator for the alteration of TME status in 
BRCA, this will provide valuable evidence for 
clinical diagnosis and treatment decisions.

Materials and methods

Raw data acquisition

We retrieved RNA sequencing (RNA-seq) tran-
scriptomic profiles of 1,178 BRCA cases  
from TCGA database (https://portal.gdc.can-
cer.gov/), comprising 99 normal tissue spe- 
cimens and 1,079 tumor samples [17, 18]. 
Additionally, we acquired comprehensive clini-
cal annotations from the TCGA portal, including 
tumor staging parameters, TNM classification 
criteria, overall survival records, and prognostic 
metadata.

Analysis of ImmuneScore, StromalScore and 
ESTIMATEScore

Based on the gene expression data of the TC- 
GA-BRCA cohort, the R package estimation al- 
gorithm was used to calculate the Immune- 
Score, StromalScore, and ESTIMATEScore. All 

BRCA samples were divided into high and low 
groups according to the median values of ea- 
ch score (ImmuneScore, StromalScore, Esti- 
matScore). Higher scores in ImmuneScore or 
StromalScore indicate a greater abundance of 
immune or stromal components in the TME, 
respectively. ESTIMATEScore, derived by sum-
ming ImmuneScore and StromalScore, repre-
sents the combined proportion of both compo-
nents in the TME.

Survival analysis

We conducted survival analysis by R language 
packages [19]. We employed the Kaplan-Meier 
method to analyze 1079 tumor samples and 
plotted survival curves. Furthermore, we used 
the log-rank test to further evaluate the differ-
ences in survival outcomes.

DEGs between high and low groups

We performed differentially expressed genes 
(DEGs) using the limma package on 1,079 
tumor samples that were stratified into high 
and low groups, with genes demonstrating  
an absolute log2 fold change >1 and false dis-
covery rate (FDR)-adjusted P<0.05 considered 
statistically significant. Subsequently, we em- 
ployed the pheatmap R package to generate 
hierarchical clustering heatmaps after log2 
transformation of expression values, effective-
ly visualizing distinct expression patterns of 
DEGs across the stratified sample groups.

GO and KEGG enrichment analysis

We performed systematic Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis on the 
identified DEGs using the clusterProfiler pack-
age in R [20]. The analysis workflow incorpo-
rated complementary visualization tools from 
enrichplot and ggplot2 packages for compre-
hensive results interpretation. Statistically sig-
nificant functional terms and biological path-
ways were selected using dual criteria of no- 
minal significance (p<0.05) and multiple test-
ing correction (q<0.05), ensuring robust identi-
fication of biologically relevant patterns.

Difference analysis of clinical stages

Clinicopathological data for BRCA samples 
were retrieved from TCGA. Statistical analyzes 
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were systematically conducted using Wilcoxon 
rank-sum tests (two-group comparisons) and 
Kruskal-Wallis tests (multi-group comparisons) 
to evaluate molecular profile disparities across 
clinical stages. These analyzes revealed signifi-
cant associations between molecular signa-
tures and disease progression parameters.

PPI network construction

Protein-Protein Interaction (PPI) network was 
generated using the STRING database and sub-
sequently optimized in Cytoscape (v3.10.0). A 
high-stringency confidence threshold (interac-
tion score >0.95) was applied to filter spurious 
associations, yielding a core network of bio-
chemically validated interactions. Network to- 
pology analysis focused on hub proteins dem-
onstrating >5 functional connections.

COX regression analysis

Univariate Cox proportional hazards regression 
was implemented via the survival R package  
to identify progression-relevant genes. Top 
prognostic candidates were selected for down-
stream validation, with effect sizes and confi-
dence intervals visualized through multivari-
able-adjusted forest plots.

Gene set enrichment analysis

Hallmark and C7 immunologic gene sets (MSi- 
gDB v6.2) were analyzed using clusterProfiler 
with Gene Set Enrichment Analysis (GSEA) 
methodology. Pathway activation states were 
quantified via GSVA scores across the tumor 
cohort. Significant enrichments were defined 
by dual thresholds (NOM p<0.05, FDR q<0.06), 
with leading-edge analysis identifying core con-
tributing genes.

TICs profile

The CIBERSORT computational method was 
utilized to estimate the TICs abundance profile 
in all tumor samples. Subsequently, a quality 
filtering step was implemented, where only 
tumor samples with a P<0.05 were retained  
for further analysis. This rigorous selection cri-
terion ensured that only samples with reliable 
estimations of immune cell abundance were 
included in the subsequent analysis, enhancing 
the robustness and accuracy of the findings 

related to the tumor immune microenviron- 
ment.

Statistical methods

The statistical analysis of the data will be con-
ducted using the default statistical analysis 
methods provided by the databases. For the 
comparison of IGLL5 expression levels between 
cancer tissues and normal tissues, the Wil- 
coxon test will be used for the comparison of 
IGLL5 expression levels between BRCA and 
normal tissues, one-way analysis of variance 
will be employed. For the comparison of surviv-
al rates between high IGLL5 expression and 
low IGLL5 expression, the Logrank test will  
be used. A significance level of P<0.05 will  
be considered statistically significant for differ- 
ences.

Results

Analysis process of the present study

Transcriptomic RNA sequencing data from 
1178 BRCA cases were obtained from the TC- 
GA database. ImmuneScore and StromalScore 
were calculated using the ESTIMATE algorithm 
to quantify TME characteristics. Subsequen- 
tly, immune/stromal score-based DEGs were 
screened, followed by construction of a PPI net-
work through the STRING database. Univari- 
ate Cox regression analysis with Benjamini-
Hochberg correction identified IGLL5, KLRB1, 
CCL19, CD3E, and CD40LG as hub genes. Sur- 
vival analysis showed that IGLL5 had a signifi-
cant impact on the prognosis of BRCA. Besides, 
we conducted Cox regression analysis to more 
accurately evaluate the independent prognos-
tic value of IGLL5, used GSEA technology to 
explore the potential biological pathways asso-
ciated with IGLL5, and also analyzed the corre-
lation between IGLL5 and TICs to understand 
its role in TME. The analysis process is shown 
in Figure 1.

Analysis of ImmuneScore, StromalScore and 
ESTIMATEScore

As shown in Figure 2A, we found the higher  
the ImmuneScore, the higher the survival rate 
(P<0.05). In contrast, as shown in Figure 2B 
and 2C, neither the StromalScore nor the 
ESTIMATEScore is significantly correlated with 
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Figure 1. Analysis workflow of this study.

the overall survival rate. In addition, we found 
that the ImmuneScore, StromalScore, and ES- 
TIMATEScore are not significantly correlated 
with the TNM stage, as shown in Figure 3.

Gene profile and functional enrichment analy-
sis

We identified 1,124 DEGs through comparative 
analysis of high and low groups, with 876 genes 
upregulated and 248 genes downregulated 
(Figure 4A, 4B). Similarly, stromal core analysis 
revealed 1,291 DEGs, including 701 upregul- 
ated genes and 590 downregulated genes 
(Figure 4A, 4B). The Venn plot intersection 
analysis demonstrated 191 commonly upregu-
lated genes and 153 commonly downregulated 
genes shared between the ImmuneScore and 

StromalScore groups, yielding a total of 348 
screened genes. Additionally, GO enrichment 
analysis identified critical pathways such as 
somatic recombination of immune receptors 
constructed from immunoglobulin superfamily 
domains and adaptive immune responses me- 
diated by leukocytes (Figure 4C). KEGG enrich-
ment analysis highlighted enriched pathways, 
including cytokine-cytokine receptor interac-
tion, primary immunodeficiency, and viral pro-
tein interaction with cytokines and cytokine 
receptors (Figure 4D).

Intersection analysis of PPI network and uni-
variate COX regression

We revealed a comprehensive interactome 
containing 348 candidate genes (Figure 5A). 
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Figure 2. Correlation of scores with the survival of patients with BRCA. A. Kaplan-Meyer survival analysis for BRCA patients divided by ImmuneScore into high or 
low groups (P=0.014, log-rank test). B. Kaplan-Meyer survival analysis for BRCA patients divided by StromalScore into high or low groups (P=0.59, log-rank test). C. 
Kaplan-Meyer survival analysis for BRCA patients with high and low ESTIMATEScore (P=0.392, log-rank test).
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Figure 3. Correlation of scores with clinicopathological staging characteristics. A-C. Distribution of ImmuneScore, 
StromalScore, and ESTIMATEScore in stage. D-F. Distribution of ImmuneScore, StromalScore, and ESTIMATEScore 
in T classification. G-I. Distribution of ImmuneScore, StromalScore, and ESTIMATEScore in M classification. J-L. Dis-
tribution of ImmuneScore, StromalScore, and ESTIMATEScore in N classification.

Moreover, node connectivity analysis identifi- 
ed the top 30 hub proteins ranked by degree 
centrality (Figure 5B). Furthermore, univariate  
Cox proportional identified 17 survival-asso- 
ciated genes (log-rank p<0.05) visualized in a 
multivariable-adjusted forest plot (Figure 5C). 
Thereafter, integrative analysis intersecting the 
top network hubs (degree-ranked top 30) and 
survival-significant genes yielded five consen-
sus biomarkers, including IGLL5, KLRB1, CC- 
L19, CD3E, and CD40LG (Figure 5D).

The correlation of IGLL5 expression with the 
survival and TNM stages

In this study, we found BRCA patients with high 
IGLL5 expression exhibited longer overall sur-
vival (Figure 6C). Furthermore, the Wilcoxon 
rank sum test demonstrated that the expres-

sion of IGLL5 in tumor samples and paired 
samples was significantly lower than that in 
normal samples (Figure 6A, 6B). However, the- 
re was no significant correlation between IG- 
LL5 expression and the TNM stage of BRCA 
(Figure 6D-G).

GSEA enrichment analysis

We conducted GSEA and found that genes in 
the high IGLL5 expression group were predomi-
nantly enriched in immune-related activities, 
such as allograft rejection, complement signal-
ing, interleukin signaling, and interferon res- 
ponse (Figure 7A). Conversely, genes in the low 
IGLL5 expression group were enriched in meta-
bolic pathways, including estrogen response, 
oxidative phosphorylation, and pancreas β cells 
(Figure 7B). Additionally, immune-related gene 
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Figure 4. Screening of DEGs and enrichment analysis of GO and KEGG. A, B. Venn plots showing common up-
regulated and down-regulated DEGs shared by ImmuneScore and StromalScore. C, D. GO and KEGG enrichment 
analysis for 379 DEGs, terms with p and q<0.05 were considered to be enriched significantly.

sets were significantly enriched in the high 
IGLL5 expression group, encompassing path-
ways associated with B cells, CD4+ T cells, and 
NK T cells (Figure 7C). Nevertheless, a limited 
number of gene sets showed enrichment in the 
low IGLL5 expression group (Figure 7D).

Correlation of IGLL5 with the proportion of 
TICs

We analyzed the proportion of TIC subsets  
in BRCA samples using the CIBERSORT algo-
rithm, constructing immune cell profiles for 21 
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distinct immune cell types (Figure 8). The 
results from the difference and correlation 
analysis revealed that a total of 17 TICs types 
were correlated with the expression of IGLL5 
(Figure 9B, 9C). Among these TICs, the expres-
sion of IGLL5 demonstrated positive correla-
tions with 9 types of TICs, including naive B 
cells, plasma cells, CD8+ T cells, naive CD4+ T 
cells, activated CD4+ memory T cells, follicular 
helper T cells, regulatory T cells, gamma delta T 
cells, and M1 macrophages (Figure 9A). 
Conversely, 8 TIC types exhibited negative cor-
relations with IGLL5 expression, comprising 
resting NK cells, M0 macrophages, M2 macro-
phages, resting dendritic cells, activated den-
dritic cells, resting mast cells, eosinophils, and 
neutrophils (Figure 9A). 

Discussion

BRCA is one of the most common malignancies 
in women. Despite great advances in the treat-

ment of BRCA in recent years, tumor metasta-
sis and recurrence rates remain persistently 
high and patient prognosis remains poor. TME 
has emerged as a pivotal determinant of tumor 
biology, with accumulating evidence underscor-
ing its indispensable role in tumor progression. 
For instance, driving therapeutic resistance 
through immune suppression [7]. Notably, the 
precise molecular drivers and mechanistic 
basis underlying its functional contributions  
to BRCA pathogenesis remain incompletely 
characterized [21]. Therefore, it is important to 
accurately analyze the relationship between 
TME characteristics and clinical outcomes and 
to find new biomarkers for improving BRCA 
prognosis and improving patient survival [3]. 

In our study, we demonstrated that BRCA pa- 
tients with elevated TME ImmuneScore exhib-
ited significantly prolonged superior survival 
(log-rank p<0.05). In previous studies, multiple 
anti-tumor mechanisms have been identified in 

Figure 5. PPI network and univariate COX analysis. A. Interaction network constructed with the nodes with interac-
tion confidence value >0.95. B. The top 30 genes ordered by the number of nodes. C. Univariate COX regression 
analysis with 379 DEGs, listing the top significant genes with P<0.005. D. Venn plot showing the common genes 
shared by leading 30 nodes in PPI and top significant genes in univariate COX.
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TME. For example, CD8+ T cells recognize tumor 
antigens and release perforin and granulase to 
directly induce apoptosis of tumor cells [22]. In 
addition, IFN-γ in TME enhances antigen pre-
sentation and promotes immune surveillance 
[12]. These findings are consistent with our 
results: elevated ImmuneScore in TME corre-
late with prolonged survival in BRCA, whereas 
increased StromalScore in TME are associated 
with shorter survival. This phenomenon may be 
linked to biochemical reactions mediated by 
stromal components within TME. Research 
indicates that complex biochemical reactions 
within TME critically influence tumor cell sur-
vival and invasion [23]. Studies have revealed 
that hypoxia-induced activation of HIF-1α in 
TME promotes tumor cell glycolysis, leading to 
lactate accumulation and subsequent facilita-
tion of tumor cell invasion [24, 25]. Moreover, 
researches shown that TME and limited photo-
sensitizer permeability critically compromise 
ROS-dependent therapeutic strategies in BR- 
CA, while concurrent stromal signaling via the 
IL-6/STAT3-ERα axis and CXCR4/ACKR3-growth 
factor receptor cooperativity drives metasta- 

tic progression [26, 27]. These findings collec-
tively underscore that ImmuneScore and Stro- 
malScore within TME may play divergent roles 
in BRCA. Furthermore, we identified IGLL5 as a 
novel TME-associated risk gene, bridging stro-
mal evolution with clinical outcomes. 

IGLL5, a member of the immunoglobulin super-
family, is a key component of B cell receptor 
(BCR) signaling pathway and plays an important 
role in immune regulation. Previous studies 
have demonstrated that IGLL5 activation-in- 
duced by cytidine deaminase (AID) has been 
demonstrated to drive disease progression in 
hematological malignancies. These mutations 
induce functional aberrations that disrupt B- 
cell/T-cell developmental trajectories, culmi-
nating in immune surveillance evasion and 
clonally dominant proliferative expansion [28-
30]. IGLL5, typically associated with B-cell 
development, promotes hematologic malignan-
cies through BCR signaling pathway activation 
[28], while in solid tumors with structurally com-
plex TME, it primarily mediates immune cell 
infiltration to exert pro-tumor effects.

Figure 6. The differentiated expression of IGLL5 in samples and correlation with survival and clinicopathological 
staging characteristics of BRCA patients. A. Differentiated expression of IGLL5 in the normal and tumor sample. B. 
Paired differentiation analysis for expression of IGLL5 in the normal and tumor sample deriving from the same one 
patient. C. Survival analysis for BRCA patients with high and low IGLL5 expression (P=0.013, log-rank test). D-G. The 
correlation of IGLL5 expression with clinicopathological staging characteristics, including tumor stage, T classifica-
tion, M classification, and N classification.
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Our study revealed that IGLL5 exerts notable 
effects on complement activation, interleukin 
signaling, and interferon-gamma response-key 
immune-related pathways involved in tumori-
genesis within TME. Accumulating evidence 
indicates that the complement system plays 
complex roles in TME, with its impact varying 
depending on tumor type and microenviron-
mental characteristics [31, 32]. Studies have 
shown that the metabolism of CD3 (+) C1q (+) 
tumor-associated macrophages (TAM) in TME 
induced by C1q signaling improves the survi- 
val prognosis of liver cancer patients [33]. Re- 

cent studies reveal the dual role of C1q in 
tumors, exogenous C1q exerts anti-proliferative 
effects on BRCA cells, whereas recombinant 
gC1qR promotes proliferation [34]. Neverthe- 
less, in our research IGLL5 enhanced comple-
ment activation and improved survival rates in 
BRCA patients, suggesting that IGLL5 may dis-
rupt tumor cell defense mechanisms by block-
ing gC1qR within TME. The interleukin network 
(e.g., IL-33/ST2 axis) remodels TME through 
immune cell recruitment, potentially mediating 
malignant regression [35, 36]. CAR-T cells en- 
hance tumoricidal capacity in TME through 

Figure 7. GSEA for samples with high IGLL5 expression and low expression. A. The enriched gene sets in HALLMARK 
collection by the high IGLL5 expression BRCA samples. Each line representing one particular gene set with unique 
color. Only gene sets with NOM p<0.05 and FDR q<0.06 were considered significant. B. Enriched gene sets in 
HALLMARK by BRCA samples with low IGLL5 expression. C. Enriched immunologic gene sets in C7 collection by high 
IGLL5 expression BRCA patients. D. Enriched gene sets in C7 collection by the low IGLL5 expression BRCA patients.
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Figure 8. TIC profile in BRCA samples and correlation analysis. A. Barplot showing the proportion of 21 kinds of TICs in BRCA samples. Column names of plot were 
sample ID. B. Heatmap showing the correlation between 21 kinds of TICs and numeric in each tiny box indicating the p value of correlation between two kinds of 
cells.
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Figure 9. Correlation of TICs proportion with IGLL5 expression. A. Violin plot showed the ratio differences of 21 kinds of immune cells between BRCA samples with 
low or high IGLL5 expression, and Wilcoxon rank sum was used for the significance test. B. Scatter plot showed the correlation of 7 kinds of TICs proportion with 
the IGLL5 expression (P<0.001), and Pearson coefficient was used for the correlation test. C. Venn plot displayed 17 kinds of TICs correlated with IGLL5 expression 
codetermined by difference and correlation tests displayed in violin and scatter plots, respectively.
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interferon-gamma (IFN-γ) production, which 
amplifies endogenous T-cell and natural killer 
cell activity [37]. In our study, IGLL5 had a sig-
nificant effect on interleukin signaling and 
interferon-γ response. These findings suggest 
that IGLL5 may serve as a promising indicator 
of immune regulation in TME, potentially influ-
encing BRCA through modulation of immune-
related pathways. 

We found that IGLL5 levels positively correlate 
with CD8+ T cells. CD8+ T cells play a vital role in 
eliminating intracellular infections and malig-
nant cells, providing long-term protective immu-
nity [22]. Therefore, upregulation of IGLL5 may 
enhance immune infiltration of CD8+ T cells  
in TME by activating their effector functions, 
thereby promoting tumor cell killing [38]. IGLL5 
expression also showed a positive correlation 
with plasma cell infiltration, which is known to 
produce local antibodies contributing to anti-
tumor immunity [39]. CD38+ plasma cell infiltra-
tion is associated with prolonged metastasis-
free survival in BRCA [40], and tumor-specific 
antibodies secreted by plasma cells may serve 
as prognostic markers in serum [41]. Although 
these results do not directly indicate that IGLL5 
is associated with specific antibodies secreted 
by plasma cells, they provide valuable insights. 
Our research found that IGLL5 expression posi-
tively correlates with the infiltration levels of  
M1 macrophages and negatively with M0 and  
M2 macrophages. Monocytes play a crucial 
role in TME in BRCA. M1 macrophages are 
known to resist tumors, while M2 polarized 
macrophages, often referred to as TAMs, pro-
mote tumor progression through mechanisms 
such as angiogenesis and lymphangiogenesis 
regulation, immune suppression, hypoxia in- 
duction, tumor cell proliferation, and metasta-
sis [42, 43]. In our study, the upregulation of 
IGLL5 promoted the prognosis of BRCA, sug-
gesting that IGLL5 may enhance the phagocy-
tosis of M1 on tumor cells and weaken the role 
of M2 in inducing angiogenesis in TME. These 
findings suggest that IGLL5 may exert an anti-
tumor effect by modulating immune cell infiltra-
tion in TME, providing new insights into the tar-
geted treatment of BRCA.

New insights into the relationship between 
IGLL5 expression and its prognostic value for 
BRCA have been provided by the current res- 
earch; however, several limitations must be 
acknowledged. Most of the data were obtained 

from online databases, which precluded access 
to detailed patient information and specific 
treatment regimens. Therefore, further rigor-
ous experimental validation and clinical in- 
vestigations are warranted to elucidate the bio-
logical functions and potential mechanisms of 
IGLL5 in BRCA.

In summary, it was indicated by the findings 
that IGLL5 expression in BRCA may play a criti-
cal role in determining disease progression and 
outcomes by modulating immune cell infiltra-
tion within the tumor microenvironment. A no- 
vel perspective based on IGLL5 has thereby 
been proposed for prognostic assessment and 
individualized therapeutic strategies in BRCA, 
with the potential to enhance clinical outcomes 
and survival through interventions targeting the 
tumor microenvironment.
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