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Tumour mutation burden and infiltrating immune cell subtypes
influenced the breast cancer prognosis
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Background: Most of its issues are still undecided on the relationship between tumour mutation burden
(TMB) and immune-related genes in the breast cancer. This study explores their relationship based on gene
mutation and transcription data in The Cancer Genome Atlas (TCGA) database, and the effects of immune
cells in TMB and tumour microenvironments on prognosis of breast cancer patients.

Methods: Cases were divided into low-TMB and high-TMB subgroups. Differentially expressed immune-
related genes were identified in different TMB subgroups, and patient prognosis was predicted by gene
function enrichment analysis, invasive immune cells and different clinical pathological features were
compared among different TMB subgroups.

Results: A total of 986 mutation data from breast cancer patients were obtained. Compared with low-TMB
group, the survival period of high-TMB group was relatively longer. A total of 337 differential expression
genes were identified in this study. Of these genes, seven differentially expressed immune-related genes were
associated with prognosis. In the high-TMB group, activated CD4" memory T cells and other cells had high
expression, the expression ratio of memory B cells and other cells in low-TMB group was high.
Conclusions: TMB-related immunological infiltration characteristics showed meaningful value for
prognosis prediction for breast cancer patients. Differentially expressed immune-related genes in TMB

subgroups provide important information on the survival prediction.
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Introduction

Breast cancer is the leading cause of cancer deaths in women
(1-4). According to the 2020 Global Epidemiological
Survey, breast cancer has overtaken lung cancer as the
most common cancer among women, accounting for about
30% of all cancers in female patients, with a mortality-

to-incidence ratio of 15% (3,5). The prognosis of breast
cancer varies according to the complexity of the underlying
molecular mechanisms, the degree of tumour heterogeneity,
the degree of malignancy of the particular pathological
type, and the stage of progression (6). Therefore, there is

a need to develop reliable tools for assessing the prognosis
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and treatment outcomes of breast cancer patients to lay the
foundation for future advances in precision medicine and
personalised treatment.

The tumour immune microenvironment is composed
of tumour-associated immune cells, fibroblasts, endothelial
cells, and blood-derived cells that appear to be enriched
during tumour progression. All of these cells play a role in
tumourigenesis and tumour progression (7-9), and their
mechanisms of action have become a research hotspot
in recent years. Immunotherapies for cancer have now
achieved remarkable success, with immune checkpoint
blockade (ICB) therapy showing favorable clinical results in
tumour patients with poor prognosis (10). Study has shown
that a high tumour mutation burden (TMB) is among the
factors most strongly associated with a good response to

ICB (11). A higher TMB is thought to lead to an increase
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Key findings

*  We explored the immunogenicity of breast cancer by investigating
the tumour mutation burden (T'MB). There are seven prognostic
immune-related genes between different TMB subgroups in
breast cancer patients, and these genes deeply participate in the
immune response of the body. And there is a correlation between
the level of TMB and certain clinical and pathological features.
TMB-related immunological infiltration characteristics showed
meaningful value for prognosis prediction for breast cancer
patients.

What is known and what is new?

* A higher TMB is thought to lead to an increase in tumour-specific
epitopes, thereby facilitating immune recognition of tumour cells
and resulting in better therapeutic outcomes. It has been shown
that TMB can affect the immune microenvironment of tumours;
that the prognostic importance of TMB and the relationship
between TMB and infiltrating immune cells both vary by cancer
type; and that high TMB is associated with prolonged survival and
greater clinical benefit in patients who are treated with immune
checkpoint inhibitors.

* Compared with low-TMB groups, the survival period of high-
TMB group was relatively longer. In our study, we identified a total
of 337 differentially expressed genes and seven were predictive of
prognosis.

What is the implication, and what should change now?

*  We suggest that infiltrating immune cells may be major players in
anti-tumour immunity.

® The TMB-related immunization characteristics of this study may
provide new biomarkers and potential treatment options for breast

cancer.
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in tumour-specific epitopes (also known as neoantigens),
thereby facilitating immune recognition of tumour cells and
resulting in better therapeutic outcomes (11-13). It has been
shown that TMB affects the immune microenvironment
of tumours; that the prognostic importance of TMB and
the relationship between TMB and infiltrating immune
cells both vary by cancer type (14,15); and that high 'TMB
is associated with prolonged survival and greater clinical
benefit in patients with metastatic melanoma, non-small cell
lung cancer, and colon cancer who are treated with immune
checkpoint inhibitors (ICIs) (12,16-18). With the recent
increase in biomarker-based immunotherapies, TMB has
received increasing attention as a quantitative marker of
tumour antigens. The present study sought to determine
whether evaluating TMB can assist in the clinical treatment
selection of breast cancer patients and ultimately improve
clinical prognosis and survival.

In this study, we obtained data on mutations and
transcriptional expression in breast cancer from The Cancer
Genome Atlas (TCGA) database and used them to analyse
the relationship between TMB and immune response,
to explore the effects of the differential expression of
immune-related genes (between high-TMB and low-TMB
tumours) on patient survival, and to explore the relationship
between TMB and infiltrating immune cells in the tumour
microenvironment. We present this article in accordance
with the TRIPOD reporting checklist (available at https://
teramegroups.com/article/view/10.21037/tcr-23-2195/rc).

Methods
Data selection and analysis

Data on somatic mutations in TCGA-BRCA (breast cancer
susceptibility genes) cohort, consisting of 986 patients with
breast cancer from 2013 to 2022, were downloaded from
the Genomic Data Commons database (https://portal.gdc.
cancer.gov). Gene expression profiles and corresponding
clinicopathological data for 1,109 tumour samples and
113 samples of normal tissue were extracted from TCGA
database (https://portal.gdc.cancer.gov/repository). The
somatic mutation data were processed using VarScan
software and characterised and visualised using the maftools
package in R software (version 4.1.1). If there were missing
expression profiles and clinical pathological data, the data
were excluded. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).
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Construction and validation of TMB-related iimmune
variables

TMB is defined as the total number of gene coding errors
(base substitutions, insertions or deletions) per million bases
detected in a cell (19). First, the TMB value in mutations/
Mb was calculated for each sample as the total number of
somatic mutations divided by the size of the sequenced
region. The median TMB value was then used as the cut-
off to divide breast cancer patients into low-TMB and
high-TMB groups. Survival curves were plotted using the
Kaplan-Meier method based on the clinical characteristics
of each case, and the relationship between TMB and
overall survival (OS) was analysed using the log-rank
test. The Wilcoxon rank-sum test was applied to analyse
the relationship between TMB and clinicopathological
parameters, such as gender, age, Tumour-Node-Metastasis
(TNM) stage, and immunohistochemical expression levels,
in breast cancer patients.

Data on genes involved in immune activity were
downloaded from the ImmPort database (https://www.
immport.org/) and used together with the limma package
in R to identify differentially expressed genes (DEGs)
involved in immune function between high-TMB and
low-TMB groups. Genes were identified as TMB-related
DEGs if the absolute logarithmic fold change (llog FCI)
was >1. Univariate and multivariate survival analyses based
on DEGs were performed using Kaplan-Meier and Cox
regression models. Finally, Tumour Immune Estimation
Resource 2.0 (TIMER 2.0) and the Gene Expression
Profiling Interactive Analysis (GEPIA) database were used
to validate statistically significant relationships between
immune-related DEGs and OS.

Gene set envichment analysis

The gene transcription data were compared between high-
TMB and low-TMB groups, as per the median TMB.
Gene set enrichment analysis was performed using Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) analyses, with 1,000 random combinations.
Enriched gene sets were considered clinically significant
when the normalised enrichment score was >1, the
normalised significance level (nominal P value) was <0.05,
and multiple hypothesis testing returned a q value [P value
adjusted for false discovery rate (FDR)] <0.25. The R
packages clusterProfiler, org.Hs.eg.db, plot, and ggplot2
were used to analyse the molecular functions (MFs) of the
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DEGs (20).

Relationship between TMB and infiltrating immune cells

RNA sequencing transcriptomic data from breast
cancer cases in TCGA database were analysed with the
CIBERSORT package in R to illuminate the relationship
between molecular expression and the abundance of the
infiltrating immune cells. This algorithm employs inverse
convolution to calculate the abundance of 22 types of
tumour-infiltrating immune cells (21); its accuracy was
validated by flow cytometry experiments. The difference in
the expression of immune cells was considered statistically
significant. The population of immune cells in each breast
cancer patient was visualised using the pheatmap package
in R. The Wilcoxon rank-sum test was applied to analyse
the difference in the proportion of infiltrating immune
cells between the high-TMB and low-TMB groups, and
the data were visualised using the vioplot package (21). The
abundance of CD8" T cells, CD4" T cells, regulatory T
cells, macrophages, and natural killer cells was compared
between the two groups.

Statistical analysis

SPSS 25.0 and Graphpad 8.0.1 software were used to
generate Kaplan-Meier survival curves for the interactions
of high and low TMB with survival status and duration, and
the log-rank test was used to compare the curves. One-way
analysis of variance (one-way ANOVA), Tukey’s multiple
comparison test and the unpaired two-tailed 7-test were
used to analyse correlations between clinicopathological
characteristics and TMB. Univariate and multivariate Cox
regression analyses were performed to determine the effects
of immune-related DEGs on prognosis. The unpaired
t-test was used to assess differences in the populations of
infiltrating immune cells between the high-TMB and low-
TMB groups. The specific criteria for identifying clinical
significance were q (FDR-adjusted P value) <0.01 and llog
FCI >1, with P<0.05 considered statistically significant.

Results
Somatic mutations in breast cancer cases

Of the 986 TCGA breast cancer cases, mutations were
present in 899 (91.18%) (Figure 1A4), with the number
ranging from 0 to 4,962 (median 39). The commonest
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Figure 1 The landscape and prognosis analysis of gene mutation of breast cancer. (A-F) Mutation information overview. (A) Variant

classification; (B) variation type; (C) single nucleotide variant class, T/C/G/A are base pairs; (D) number of mutations for each sample;

(E) variant classification summary; (F) top ten mutated genes; (G) waterfall map of top ten mutated genes in breast cancer; (H) the overall

survival analysis between high-TMB and low-TMB group. The x-axis represents the number of base mutations, and the y-axis represents

the corresponding meaning on the left side. SNV, single nucleotide variant; SNP, single nucleotide polymorphism; INS, insert; DEL, delete;

TMB, tumour mutation burden.

mutation types were missense mutations, nonsense
mutations, and single nucleotide polymorphisms (SNPs),
with the most frequent single nucleotide variant (SNV)
class being C>T (Figure 1A-1F). According to the waterfall
plot, the top 10 genes with the highest mutation rates were
TP53, PIK3CA, TTN, CDHI, GATA3, MUC16, KMT2C,
MAP3KI, RYR2 and HMCNI (Figure 1G).

Survival prognosis and clinical characteristics of different
TMB subgroups of breast cancer patients

TMB values were calculated for each breast cancer
case of the downloaded data, and cases were divided
into high-TMB (n=495) and low-TMB groups (n=491)

© Translational Cancer Research. All rights reserved.

based on the median TMB (1.34 mutations/Mb; range,
0.03-158.39 mutations/Mb). Eighteen cases were excluded
from analysis due to a lack of corresponding data on clinical
characteristics and survival, leaving 968 cases for the final
analysis. Kaplan-Meier survival curves were plotted to
determine whether TMB predicted survival, with the result
that OS was longer among high-TMB patients than that
of the low-TMB patients, although the difference was not
statistically significant (x’=0.926, P=0.34) (Figure 1H). At all
follow-up points, the survival rate was lower in the low-TMB
group than in the high-TMB group (92.12% vs. 95.47% after
3 years; 89.63% vs. 93.00% after 5 years; 86.38% vs. 88.27%
after 10 years; 85.89% vs. 88.07% after 15 years). The
longer survival observed in the high-TMB group suggests

Transl Cancer Res 2024;13(5):2208-2221 | https://dx.doi.org/10.21037/ter-23-2195
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Figure 2 The relationship between TMB and clinicopathological characteristics. (A-H) Correlation analysis of TMB and age, tumour stage

(T and N stage), ER status, molecular subtype, HER?2 status, clinical stage and Ki-67 index of breast cancer. TMB, tumour mutation burden;

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer.

that immunotherapy may be more effective for breast cancer
patients with a comparatively higher TMB.

After removing confounding variables, clinical
characteristics were also compared between the high-TMB
and low-TMB groups. There were statistically significant
differences in age (above 50 vs. below 50) and tumour stage
(T and N) (Figure 24-2C), but there was no significant
correlation with tumour proliferation index. Further
analysis showed that high TMB positively correlated
with older age and more advanced T stage (P<0.001,
r=0.261 and 0.359), there is a weak correlation between
the expression level of TMB and the older the age and the
higher T stage of tumour. But negatively correlated with
N stage (the number of lymph node metastases) (P=0.004,
r=0.367), and it also shows a weak correlation. With the
in-depth understanding of the molecular mechanism
of breast cancer, the diagnosis and treatment of breast

© Translational Cancer Research. All rights reserved.

cancer has entered the era of molecular typing and precise
treatment. The expression levels of estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2) and Ki-67 index in breast cancer
are crucial for treatment. The results of this study show
that TMB was also correlated with ER status and molecular
subtype, with high-TMB cases generally being ER-
negative and low-TMB cases tending to be luminal-type
(Figure 2D,2E). In contrast, TMB were not significantly
correlated with HER? status, clinical stage and Ki-67 index
(Figure 2F-2H).

Analysis of the immune-related DEGs in TMB subgroups
and construction of the prognosis signature

DEGs between the high-TMB and low-TMB groups were
analysed using the limma package in R and visualised with

Transl Cancer Res 2024;13(5):2208-2221 | https://dx.doi.org/10.21037/ter-23-2195
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the pheatmap package. There were a total of 337 DEGs
between the TMB groups, of which 193 were highly
expressed in the high-TMB group and 144 were highly
expressed in the low-TMB group (Figure 34). All DEGs
were checked against a dataset of 2,483 immune-related
genes from the ImmPort database, and 54 of the DEGs
were identified as immune-related (Figure 3B). Next,
patient survival was analysed according to the differential
expression of these immune-related genes. Univariate
survival analysis revealed seven immune-related DEGs
that were strongly associated with prognosis. Further
multivariate Cox regression analysis revealed that S100A48,
CXCL5, TMSBI5A, and PTGER3 all independently affected
OS (Table 1). High expression of TMSBI5A was associated

with a shorter survival duration, whereas high expression

© Translational Cancer Research. All rights reserved.

of the other six genes (FABP7, S10048, CXCL5, PTGER3,
CXCL14 and PGR) was associated with longer survival
(Figure 3C-31). The predictive utility of these genes was
validated using TIMER 2.0 and the GEPIA database (Figure
4), confirming that high expression of FABP7, CXCLI14 and
PTGERS3 and low expression of TMSB15A4 were correlated
with longer OS, with all differences being statistically
significant.

The Spearman’s correlation analysis indicated significant
correlations between all the seven genes by using bce-
GenExMiner database (P<0.001) (22). In addition, a
significant moderate correlation was observed between
PTGER3 and PGR (Figure 5A4). By using GeneMANIA
database, we observed strong association between
CXCL5/14 and the most prominent weight of CXCL3,

Transl Cancer Res 2024;13(5):2208-2221 | https://dx.doi.org/10.21037/ter-23-2195
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Table 1 Univariate and multivariable analysis of immune-related DEGs

Immune-related characteristics in breast cancer

Univariate analysis

Multivariate analysis

Gene
2 P HR (95% Cl) P

FABP7 4.343 0.04* 0.475 (0.125-1.808) 0.28
S100A8 4.654 0.03* 0.07 (0.013-0.382) 0.002*
CXCL5 4.348 0.04* 0.138 (0.038-0.495) 0.002¢
TMSB15A 4.852 0.03* 5.599 (1.549-20.236) 0.009*
PTGER3 5.942 0.02* 0.238 (0.069-0.824) 0.02*
CXCL14 7.961 0.005* 0.445 (0.102-1.938) 0.28
PGR 5.600 0.02* 0.549 (0.107-2.831) 0.47

*, P<0.05. DEGs, differentially expressed genes; HR, hazard ratio; Cl, confidence interval.
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Figure 4 The results of verification in TIMER 2.0 and GEPIA database. TPM, transcript
Immune Estimation Resource; GEPIA, Gene Expression Profiling Interactive Analysis.
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Figure 5 Molecular characteristics of immune-related DEGs in breast cancer patients. (A) Pearson’s correlation analysis of seven immune-

related DEGs; (B) GeneMANIA analysis of relevant interactive genes of seven immune-related DEGs; (C) molecular network for immune-

related DEGs and most frequently altered neighbor genes by IID analysis. DEGs, differentially expressed genes; IID, Integrated Interactions

database.

CXCLI and CCL20 (Figure 5B). The molecular interaction
network was then constructed for all the seven genes and
other most frequently changed neighbor genes by using
Integrated Interactions database (IID). We observed strong
association between CXCLS and CXCLI4, but TMSB15A4
may not interact with the other six genes (Figure 5C).

The limma package was further used to conduct gene
set enrichment analysis of the identified DEGs. With
respect to the GO terms, the main biological process
(BP) terms identified were ‘cell chemotaxis’, ‘granulocyte

© Translational Cancer Research. All rights reserved.

migration’, and ‘humoral immune response’; the main
cellular component (CC) terms included ‘secretory granule
lumen’, ‘collagen-containing extracellular matrix’, and
‘vesicle lumen’; and the main MF terms were ‘receptor
ligand activity’ and ‘G protein-coupled receptor binding’
(Figure 64,6B). KEGG enrichment analysis showed that
the most enriched pathways involving the DEGs included
‘cytokine-cytokine receptor interaction’, ‘IL-17 signaling’,
and ‘viral protein interaction with cytokine and cytokine
receptor’ (Figure 6C,6D). These results confirmed that

Transl Cancer Res 2024;13(5):2208-2221 | https://dx.doi.org/10.21037/ter-23-2195
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the identified DEGs were deeply involved in the immune
response.

Relationship between TMB and infiltrating immune cells

The process of tumour mutation often results in the
formation of more neoantigens, making the tumour more
immunogenic. GO enrichment analysis suggested that the
identified DEGs were involved in immune processes in
the tumour microenvironment; however, numerous types
of immune cells play a role in this environment. Hence,
we used the CIBERSORT algorithm to compare the
abundance of multiple immune cell types between the two
TMB groups. First, we determined the overall abundance
of 22 types of immune cells in breast cancer patients; the
most abundant were T cells CD8", T cells CD4" naive,
macrophages, plasma cells, and mast cells (Figure 74).
Next, we analysed the population of immune cells in 495
samples from the low-TMB group and 491 samples from
the high-TMB group. Levels of activated CD4" memory
T cells, follicular helper T cells, activated dendritic cells
and macrophages were higher in high-TMB tumours than
in normal breast tissue, whereas proportions of memory
B cells, resting dendritic cells and inactivated mast cells
were higher in the low-TMB group; all differences were
statistically significant (Figure 7B). However, no statistically
significant correlations were observed between the numbers

of these eight immune cell types and OS.

Discussion

In recent years, tumour treatment strategies have undergone
a transformation due to breakthroughs in immunotherapy,
with a shift from cellular to genetic biomarkers as prognostic
tools. TMB is now recognised as an independent predictor
of the efficacy of ICIs in various types of solid tumours (23),
as well as having prognostic value for many cancer types,
including metastatic melanoma, non-small cell lung
cancer, colon cancer, bladder cancer, and ovarian cancer
(16,17,24-26). With these advances in research, TMB
and infiltrating immune cells have emerged as potential
prognostic biomarkers for tumour treatment selection.
Previous studies have shown that ICIs are effective in some
triple-negative breast cancer patients, who typically present
with high TMB and specific immune cell infiltration (27-29).
It is therefore essential to explore the role played by TMB in
all types of breast cancer and its relation to clinical prognosis.

In this study, we furthermore explored the
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immunogenicity of breast cancer by investigating the
differences between high-TMB and low-TMB cases with
respect to immune-related genes, infiltrating immune
cells, key molecular pathways, and prognosis. We divided
the cases from the TCGA database into high-TMB and
low-TMB groups using the median TMB as the cut-off
value. Although we can obtain more information when
using TMB as a continuous variable for statistical analysis,
there is currently no consensus on how to standardize the
measurement of TMB and how to define TMB subgroups
(15,30,31). As most relevant studies currently use TMB as
a dichotomized variable for statistical analysis and TMB is
a biomarker under study, therefore, this study still divides
TMB into high-TMB and low-TMB groups based on the
median (19,32,33). The results show that the 5-year survival
rate was significantly higher in the high-TMB group than
in the low-TMB group, and survival was better in the
high-TMB group even without immunotherapy, which is
consistent with the results of previous studies, although
in our study the overall difference between groups was
not statistically significant (28,34). The high-TMB group
had a higher trend than the low-TMB group, which could
provide more information for clinical treatment. Our study
likewise demonstrates the potential of TMB as a prognostic
marker for breast cancer patients. Various clinical studies
have shown that high-TMB patients treated with ICIs have
longer survival and higher response rates than low-TMB
patients (23,24).

In this study, we analysed mutation data from 986
cases of breast cancer and identified the ten genes with
the highest mutation rates (TP53, PIK3CA, TTN, CDH1,
GATA3, MUCI16, KMT2C, MAP3K1, RYR2, HMCNI);
TP53 was the most commonly mutated gene in the cohort,
which is consistent with data from previous study (35).
TP53 mutations are uniquely associated with a strong anti-
tumour immune response in several different tumour types.
This is because they tend to result from a combination of
changes in the degree of tumour aneuploidy leading to
an increase in TMB. As breast cancer patients with 7P53
mutations have a good immunotherapeutic response profile,
these mutations may be suitable as prognostic biomarkers
during therapy selection (36).

We also analysed the relationship between TMB and
clinicopathological characteristics in breast cancer and
found that higher TMB values were correlated with age,
tumour T stage, and ER status. Patients with higher
TMB expression tended to be older, with a high degree
of tumour infiltration and fewer lymph node metastases,
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Figure 7 The relationship between TMB and infiltration immune cells. (A) Twenty-two immune cells dominate with breast cancer,
exemplifying the proportion of infiltrating immune cells in 120 samples; (B) analysis of the difference of immune cells infiltration abundance
(red: high-TMB group; green: low-TMB group). ¥, P<0.05. NK, natural killer; TMB, tumour mutation burden.

and were generally ER-negative. These results suggest
that older patients with more advanced disease may benefit
from ICIs. Further, the relationships between TMB
and clinicopathological characteristics have rarely been
reported in previous studies. Hence, these results may help
clinicians predict the response of breast cancer patients to
immunotherapy, pending in-depth investigation in future
studies.

© Translational Cancer Research. All rights reserved.

Previous study has reported that tumour expression of
immune-related genes is closely associated with prognosis
in cancer patients (37). This study identified a total of 337
DEGs between high-TMB and low-TMB cases of breast
cancer (193 with high expression in the high-TMB group
and 144 with high expression in the low-TMB group), of
which 54 were related to immune function, including seven
that were of prognosis predictive value. The predictive
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utility of these seven genes was validated against TIMER
2.0 and the GEPIA database, confirming that FABP7,
PTGER3, CXCLI14, and TMSBI5A were all associated with
higher or lower OS, consistent with previous studies (38-41).
To investigate the MFs of these immunity-associated
DEGs, we performed functional enrichment analysis of GO
terms and KEGG pathways, which showed that they mainly
played roles in cellular chemotaxis, granulocyte migration
and humoral immunity, extracellular matrix and receptor
ligand activity, and binding to G protein-coupled receptors;
these results are consistent with previous reports (42).

Immune cells in the tumour immune microenvironment
play an important role in tumour development, as they
can antagonise or promote tumourigenesis (28). In
tumour immunotherapy, enabling the body to build an
effective immune barrier is the key to achieving the best
therapeutic effect. Therefore, it is important to explore
and understand the characteristics of the tumour immune
microenvironment. In this study, we found a relationship
between TMB and the abundance of different types of
infiltrating immune cells. Analysis of levels of 22 types
of immune cells in breast cancer showed that the most
abundant types were CD8" T cells, quiescent CD4" T cells,
naive macrophages (MO0), pro-inflammatory macrophages
(M1), plasma cells, and mast cells. Compared with low-
"TMB patients, breast cancer patients with higher TMB had
reduced levels of naive B cells, memory B cells, plasma cells,
quiescent CD4" memory T cells, alternatively activated
macrophages (M2), resting dendritic cells and quiescent
mast cells. Our study suggests that infiltrating immune cells
may be major players in anti-tumour immunity, resulting in
greater sensitivity to immunotherapy and better therapeutic
outcomes in breast cancer patients with certain infiltrating
immune cell profiles.

On the whole, the relationship between TMB and clinical
pathological characteristics has rarely reported in previous
studies, and we have obtained immune-related genes
from the ImmPort database, and analyzed the immune-
related genes that differentiated between different TMB
subgroups. These genes are correlated with the prognosis
of patients, which may help clinicians predict the response
of patients with breast cancer to immunotherapy, and we
will verify these results in the future studies. However, our
study still has some limitations. First, the results are based
on TCGA dataset rather than laboratory experiments;
future laboratory studies are needed to validate associations
between prognostic factors and infiltrating immune cells in
the tumour environment. Second, prospective data from a
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large clinical sample are needed to validate the prognostic
role of immune-related DEGs in breast cancer patients.
Finally, analysis of the function of immune-related DEGs
in breast cancer progression can only indirectly address the
potential relationship between infiltrating immune cells
and immunotherapy resistance, and the immune-related
genes identified as potential prognostic markers (particularly
those involved in immune cell infiltration) require further
experimental exploration to elucidate their function and
mechanisms of action. Therefore, the results of this study
should be further investigated in clinical trials with larger
sample sizes.

Conclusions

TMB can cause significant changes in the ingredients of
infiltrating immune cells in tumour microenvironments,
and produce anti-tumour immune responses. In summary,
TMB-related immunological infiltration characteristics
in this study had a good predictive value in patients with
breast cancer. There are immunological DEGs and varying
degrees of immune cells infiltration between different
TMB subgroups. They can provide important predictive
information on the survival status of breast cancer
patients, broad the idea of clinical diagnosis and treatment.
Therefore, the TMB-related immunization characteristics
of this study may provide new biomarkers and potential
treatment options for breast cancer.
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