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Abstract
Background: Breast cancer (BC) is the most diagnosed malignancy in women around the word.
Accumulating evidence suggest that transient receptor potential (TRP) channels play signi�cant role in
tumor progression and immune cell in�ltration. Nevertheless, the relationship between TRP channels and
tumor immune microenvironment of BC is still unclear. Hence, we conducted the study to investigate the
correlation between TRP-associated lncRNAs and the prognosis of breast carcinoma.

Method: 33 TRP-associated genes were selected from a review published by Amrita Samanta et al. and
the TRP-related lncRNAs were identi�ed by the Pearson analysis. Based on the sum of the expression
levels of 12 lncRNAs, provided by The Cancer Genome Atlas (TCGA), a TRP-associated-lncRNA signature
was established by use of Cox regression analysis. According to the median value of risk score in training
set, BC patients were separated into high- and low-risk groups. Subsequently, the functional enrichment
analysis was conducted in the differential expression genes (DEGs) between different risk groups. The
ESTIMATE Score was calculated by ESTIMATE and the immune cell in�ltration was evaluated by
ssGSEA. Finally, the immune checkpoint genes expression levels, microsatellite instable (MSI) and the
immunophenoscore (IPS) were further assessed.

Results: The high-risk groups exhibited lower survival rates while the low-risk groups shown higher
survival rates. The DEGs between different risk groups were highly enriched in immune cell activation and
immunoregulation. Besides, the ESTIMATE scores of patients in low-risk groups were higher than those in
high-risk groups. The in�ltration levels of several immune cells were remarkably elevated in low-risk
groups and various immune signatures were activated with the decreased risk score. Eventually, the TRP-
associated lncRNAs signature was con�rmed with highly potential ability to evaluate the immunotherapy
response in breast carcinoma patients.

Conclusion: The outcomes of current study indicated that the 12-TRP-associate-lncRNA risk model was
an independent prognostic risk factor for BC patients. This risk model could be closely related to the
tumor immune microenvironment in BC. Our �ndings will provide a new insight for future immunotherapy
for BC treatment.

1 Introduction
Breast cancer is one of the leading causes of cancer death in female around the word[1]. As the pivotal
health threat among women, breast tumor accounts for approximately 24.2% of all female malignant
tumor cases and the account of all female carcinoma deaths is nearly 15% [2]. As a result of improved
diagnosis and treatment, the mortality rate from breast cancer has decreased year by year. However,
breast carcinoma is a kind of highly heterogeneous malignant tumor, the treatment therapies and the
response rates vary among different molecular subtypes. Despite of several treatment therapies, for
instance surgery, chemotherapy, radiotherapy, targeted therapy and immunotherapy, patients with
metastatic tumors still have clinical outcomes. Tumor metastasis and drug resistance are main causes of



Page 3/29

death in BC patients. Therefore, it is signi�cant to screen novel reliable prognostic markers and
therapeutic targets to achieve the individual precision treatment.

In recent years, immunotherapy has received increasing attention from academics. As signi�cant
regulators for immune system, lncRNAs perform various roles in speci�c stages of cancer immunity, such
as antigen presentation, immune cell activation, and immune responses[3–5]. Besides, lncRNAs were
reported as potential prognostic biomarkers for breast cancer, which played an important role in tumor
diagnosis and treatment[6].

The development of tumors is related to variations in the cell cycle that inhibit pathways which cause cell
death and shift the balance towards increased proliferation[7]. Oftentimes, these variations are correlated
with alterations in [Ca2+]i homeostasis in cells[8]. TRP channels are identi�ed as a group of cation
channel proteins that act as signal transducers by altering membrane potential or intracellular Ca2+
concentration[9]. TRP channels perform important roles in the rapid perception of external stimuli as well
as in cell proliferation[10], differentiation[11], apoptosis[12], and drug resistance[13]. Aberrant expression
or activity of these channels may lead to serious disorders in humans. Based on the differences in
sequence homology and topology, the TRP superfamilies can be divided into 7 common subfamilies:
TRPC (canonical), TRPV (vanilloid), TRPM (melastatin), TRPA (ankyrin), TRPP (polycystin), TRPML
(mucolipin) and TRPN (Drosophila NOMPC)[14], and the subsequent discovery of an eighth TRP
subfamily in yeast, named TRPY (Yeast)[15]. Interestingly, several studies previously indicated that TRP
channels were closely associated with tumor progression and their roles varied according to different
subfamilies. TRPC1 was identi�ed as the �rst TRP channel in mammals[16], which was found to play
different roles in speci�c types of carcinomas, for example, prostate cancer[9], nasopharyngeal
carcinoma[17], and malignant glioma[18]. A recent study in MCF-7 BC cell lines revealed that TRPV1
agonists and antagonists could inhibit the growth of cells[19]. In addition, Zhou K et al. suggested that
overexpression of TRPV2 was related to poor prognosis of patients with esophageal squamous cell
carcinoma (ESCC)[20]. Also, a member of the TRPV subfamily, TRPV6 has been reported to be increased
in estrogen receptor-negative BC and its inhibition reduced basal calcium in�ux and tumor cell
growth[21]. Notably, the TRPM family has been found to be involved in tumorigenesis, proliferation, and
differentiation[22]. TRPM1 was observed to be highly expressed in non-metastatic melanoma and due to
this correlation, TRPM1 was considered as tumor suppressors and a potential prognostic marker for
metastatic melanoma[23, 24]. Hopkins MM and colleagues investigated the role of TRPM2 in breast
carcinoma progression and found that TRPM2 inhibition leaded to an increasing of DNA damage and
decreasing of tumor proliferation[25]. Accordingly, TRP channels may have a critical effect in the
development and progression of malignant tumors. Despite the fact that these channels were commonly
expressed in a wide range of tumors, their expression status, activities, and functions in BC remained
poorly understood. Hence, the bioinformatic analysis was employed to investigate the relationship
between TRP channels and the prognosis of patients with BC.

In addition to tumor progression, TRP channels were found to play an important role in the immune
responses. Within the immune system, TRP channels were involved in a diverse range of functions
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including T and B cells activation, bactericidal activities of neutrophils and macrophages, antigen
presentation by dendritic cells (DCs), and degranulation of mast cells[26]. Studies in murine models of
type 1 diabetes (T1D) and multiple sclerosis (MS) have suggested the immunosuppressive role for
TRPC5[27]. Besides, TRPM2 channels were identi�ed to be engaged in Ca2+ signaling within the granules
of cytolytic natural killer (NK) cells[28]. TRPM2 was activated after the malignant cells had been
identi�ed, leading to the granule polarization and degranulation mediated by Ca2+[26, 28]. Several
studies revealed that TRP channel families were closely associated with the immune cells and immune
responses regulation. However, there are seldom studies paying attention to the relationship between
tumor immune microenvironment (TIME) and the expression status of TRP channels. Therefore, we
conducted this study to investigate the role of TRP channels in TIME for breast cancer.

In this study, the BC lncRNA expression dataset and corresponding information from The Cancer Genome
Atlas (TCGA) were downloaded and analyzed. Subsequently, the prognostic lncRNAs associated with
TRP channels were selected to establish a 12 TRP-related-lncRNA signature to further predict the survival
prognosis of breast cancer patients. According to the TRP-related risk score, the differences in the
in�ltration rate of immune cells and functional enrichment analysis were investigated. After that, the
relationship of TRP-related lncRNA risk score and TIME was searched. Furthermore, the role of TRP-
related lncRNA risk score in the assessment of immunotherapy e�cacy was explored. We aimed to
investigate the association between TRP-related lncRNAs and the immune microenvironment of breast
cancer. In the �eld, this pioneering therapeutic approach will be applied in the future to develop novel
treatment combinations.

2 Methods And Materials

2.1 Work�ow
A sequential approach of a few steps was adopted to create a 12-TRP-related-lncRNA risk model and to
explore the potential mechanisms by which these TRP-related lncRNAs affect BC prognosis (Fig. 1).

2.2 Data acquisition
RNA-sequencing expression date as well as corresponding information of BC patients were obtained from
TCGA (http://cancergenome.nih.gov/) database. Following batch normalization, patients were removed
because of incomplete clinical data and an overall survival (OS) time of less than 30 days. As a result,
874 BC patients from the TCGA with complete follow up information were enrolled for subsequent
analysis. 33 TRP-associated genes were selected from a review published by Amrita Samanta et al.[24]
and provided in Supplemental Table1. The data from TCGA is publicly available, and the current research
followed the TCGA data access policies and publication guidelines.

2.3 Selection of TRP-associated lncRNAs
In current study, after �ltering out lncRNAs with a mean expression value of less than 1, 3158 lncRNAs
were included for further analysis. Followed by Pearson correlation coe�cients were computed to
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determine the correlation of TRP-related genes and the corresponding lncRNAs. Subsequently, the TRP-
associated lncRNAs were screened out according to the standard that p < 0.01) and |R| > 0.4.

2.4 Creation of a prognostic TRP-associated lncRNAs risk
model
The “edge R” package was employed to identify the differentially expressed lncRNAs between normal
mammary tissues and tumor tissues. The differentially expressed lncRNAs were identi�ed as meeting
cutoff criteria of |log2fold change (FC)|> 1 and p -value < 0.05, presented through volcano plot. After that,
prognosis related lncRNAs were obtained by performing univariate Cox regression on OS. Subsequently,
the Venn diagram was drawn to identify the candidate lncRNAs from differentially expressed lncRNAs,
TRP-associated lncRNAs and prognostic lncRNAs. Furthermore, the least absolute shrinkage and
selection operator (LASSO) Cox regression model was constructed to remove redundant lncRNAs and
avoid model over�tting. Consequently, 12 independent prognostic TRP-associated lncRNAs were
determined for the construction of risk model. There were 828 patients randomized in a 1:1 ratio to either
a training set or a validation set to establish and validate the risk model of lncRNAs associated with TRP.
The individual risk score of this prognostic feature was calculated based on the normalized expression
levels of TRP-related lncRNAs and the relevant regression coe�cients. The calculation formula is as

follows: Risk score = ∑ n
i=1 Expi*Coei . (N=12, Expi denotes the expression level of every TPR-

associated lncRNA, and Coei denotes the relevant Cox regression coe�cient.) Accordingly, patients in the
training queue were grouped into high-risk and low-risk cohorts on the basis of the median risk score.
Afterward, the “survminer” R package was adopted to conduct the survival analysis on the high-risk and
low-risk groups. Following by the time-dependent ROC curve analysis was performed to evaluate the
e�cacy of this risk model for assessing the prognosis of BC patients. Subsequently, in the validation set,
the individual risk score was calculated based on the same formula and the patients were grouped into
high-risk and low-risk cohorts according to the same cut-off score as the training set. Similarly, the
survival analysis and the time-dependent ROC curve analysis were performed in the validation set.

2.5 Identi�cation of the independent prognostic factors
The risk score based on the TRP-related lncRNAs signature and other clinical factors from the TCGA
dataset were enrolled in univariate Cox regression and multivariate Cox regression to further identify the
independent factor associated with BC patients’ prognosis.

2.6 Construction of a prognostic nomogram based on the
risk score and clinical parameters
The nomogram was established from the 5-, 7-, and 10-year OS information of BC patients as well as the
independent prognostic factors via the “rms” R package. The area under curve (AUC), and calibration
plots were employed to assess the accuracy of the nomogram in 5, 7, and 10 years.

( )
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2.7 Construction of the lncRNA-mRNA co-expression
network and functional enrichment analysis
The mRNA-lncRNA co-expression network was constructed by use of Cytoscape software to identify the
correlation of TRP-associated lncRNAs and corresponding mRNAs and visualized through the Sankey
diagram. Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis were conducted in the differentially expressed genes (DEGs) of different risk
groups by use of the R clusterPro�ler package.

2.8 Relevance assessment of risk score and TIME
Estimation of Stromal and Immune cells in Malignant Tumor tissues using expression (ESTIMATE)
algorithm was adopted to obtain the proportion of the immune-stromal composition in TIME via
“estimate” R package, for instance Stromal Score, Immune Score, and ESTIMATE Score. The
corresponding scores indicated the ratio of the respective composition in the TIME. Furthermore, the
“GSEAbase” R package was employed to perform the single-sample gene set enrichment analysis to
illustrate the enrichment of genomes associated with immune function.

2.9 Prediction of immunotherapy response
In accordance with the reported studies, the expression levels of genes associated with immune
checkpoint was closely correlated with the e�cacy of immune checkpoint inhibitors. Therefore, the
ggplot2, GGPUBR and ggExtra R packages were employed to elucidate the correlation between the TRP-
associated lncRNAs risk model and the expression of immune checkpoint blockade related genes,
including PD1, CD274, LAG3, CTLA4, and TIM3. Besides, the transcription expression of vital mismatch
repair genes was counted and analyzed in breast carcinoma samples, such as MSH2, MSH6, MLH1, and
PMS2. Additionally, the individual immunophenoscore (IPS) for samples was calculated by use of The
Cancer Immunome Atlas (TCIA) database (https://tcia.at/), that could predict the response to CTLA-4 and
PD-1. Eventually, the correlation between TPR-related risk scores and IPS was determined by comparing
IPS in the high-risk and low-risk groups. P<0.05 was regarded as statistically signi�cant.

2.10 Statistical analysis
All statistical data were performed by R software (Version 4.1.0) (https://www.r-project. org/). The
relevance between TRP-associated genes and corresponding lncRNAs was identi�ed by Pearson
correlation analysis. The categorical variables were analyzed by Chi-square or �sher test, whereas the
continuous data were analyzed by Wilcoxon test. The survival data were assessed with Kaplan-Meier
curve and the independent prognostic factors were estimated via univariate and multivariate Cox
regression analyses. P<0.05 was considered statistically signi�cant. All methods were carried out in
accordance with relevant guidelines and regulations.

3 Results
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3.1 Acquisition of TRP-related prognostic differentially
expressed lncRNAs
A total of 3158 lncRNAs were initially collected from 112 normal breast tissues and 828 breast tumor
tissues form TCGA datasets through RNA-seq data analysis. Besides, the corresponding clinical
information of patients in training and validation sets were shown in Table1. 33 TRP-related genes were
collected from previous publication, of which 30 genes were identi�ed in the data from TCGA. After that,
450 lncRNAs were identi�ed correlated (|R| > 0.4 and p < 0.01) with TRP-associated genes (Supplemental
Table 2). Subsequently, 1293 differentially expressed lncRNAs were screened out between tumor and
normal tissues, of which 971 were up-regulated and 322 were down-regulated, visualized by Volcano map
(Fig. 2A). Besides, 400 prognoses related lncRNAs were identi�ed through univariate Cox regression
analysis (Supplemental Table 3), of which 19 �nal selected overlapping lncRNAs were presented on Fig.
2B. Consequently, the Venn diagram was drawn to identify the 19 overlapping lncRNAs from TRP-
associated lncRNAs, differentially expressed lncRNAs, and prognostic lncRNAs as the candidate lncRNAs
for further study (Fig. 2C).

3.2 Establishment of the TRP-related lncRNAs risk model
LASSO regression analysis was performed on the 19 overlapping lncRNAs to prevent over�tting of the
prediction model. The LASSO coe�cient pro�les of the 19 lncRNAs were provided (Fig. 3A) and 5-fold
cross-validation results were generated to con�rm the optimal values of the penalty parameter λ (λ = 
0.009930509) (Fig. 3B). As a result, a total of 12 lncRNAs were selected for follow study: HAND2-AS1,
LINC00511, MAL2-AS1, USP30-AS1, MIR4713HG, SLC7A11-AS1, TPRG1-AS2, LINC02463, SIDT1-AS1,
BTBD9-AS1, RABGAP1L-IT1, and ANKRD44-IT1. Accordingly, TRP-related-lncRNA risk model to predict the
clinical outcomes of BC sufferers was established on the basis of the expression of the 12 core lncRNAs
and their regression coe�cients as follows: Risk score = (-0.145 × expression level of HAND2-AS1) +
(0.029 × expression level of LINC00511) + (0.193 × expression level of MAL2-AS1) + (-0.114× expression
level of USP30-AS1) + (0.067 × expression level of MIR4713HG) + (0.179 × expression level of SLC7A11-
AS1) + (-0.146 × expression level of TPRG1-AS2) + (0.190 × expression level of LINC02463) + (-0.209 ×
expression level of SIDT1-AS1) + (0.149 × expression level of BTBD9-AS1) + (-0.120 × expression level of
RABGAP1L-IT1) + (-0.288 × expression level of ANKRD44-IT1). The median risk score of training set was
set as the cut-off value of high-risk group and low-risk group both in training and validation sets (Fig. 4E
and F).

In training set, the survival analysis indicated worse OS of high-risk group patients. As shown by the
Kaplan-Meier curves, the median survival time of patients in high-risk group was poor than that in low-risk
group (P<0.01) (Fig. 4A). Subsequently, a time-dependent ROC analysis revealed that the prognostic
signature identi�ed were con�rmed promising e�cient to be a prognosis predictor for breast carcinoma
via the area under the curve (AUC) (AUC=0.752, 0.822 and 0.833; at 5, 7 and 10 years, respectively, Fig.
4C). As shown in Fig. 4G, patients in high-risk group had a higher probability of death than those in low-
risk group.
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Similarly, 446 patients were included in validation cohort and the risk score of each patient was
calculated according to the mentioned 12-TRP-related-lncRNA risk model. In validation set, patients in
high-risk group were identi�ed worse OS. As shown by the Kaplan-Meier curves, the median survival time
of patients in high-risk group was poor than that in low-risk group (P<0.01) (Fig. 4B). After that, the time-
dependent ROC analysis was performed to verify the robust predictive e�ciency of the risk model
(AUC=0.679, 0.816 and 0.794; at 5, 7 and 10 years, respectively, Fig. 4D). Notably, patients in high-risk
group were manifested a higher probability of death than those in low-risk group (Fig. 4H).

3.3 Identi�cation of independent prognostic predictors
In order to con�rm if the 12-TRP-related-lncRNA signature can play as an independent predictor of
prognosis for breast cancer patients, the univariate and multivariate Cox regression analysis were
conducted in training and validation sets, respectively. The univariate Cox regression analysis indicated
that the risk score was an independent prognostic factor of BC patients in training set (P<0.001,
HR=4.704, 95% CI: 2.944-7.516, Fig. 5A) and validation set (P<0.001, HR=2.050, 95% CI: 1.411-2.979, Fig.
5B). Additionally, the multivariate Cox regression analysis revealed that the risk score was an independent
variable for predicting the prognosis of patients in training set (P<0.001, HR=4.346, 95% CI: 2.745-6.881,
Fig. 5D) and validation set (P=0.002, H =1.834, 95% CI: 1.246-2.699, Fig. 5E). In addition, to investigate
the other independent prognostic factors, age, tumor stage, T, N, and M were brought into univariate and
multivariate Cox regression analysis in TCGA data. The univariate Cox regression analysis suggested that
age, N status, tumor stage and risk score had the potential to predict the OS of BC patients (P=0.002,
HR=1.934, 95% CI: 1.278-2.926; P<0.001, HR=1.816, 95% CI: 1.470-2.243; P<0.001, HR=1.805, 95% CI:
1.380-2.362; P<0.001, HR=2.924, 95% CI: 2.189-3.905, Fig. 5C). Besides, the multivariate Cox regression
analysis demonstrated that age, N status and risk score based on the TRP-related lncRNAs signature
were independent predictor of OS for BC patients (P=0.021, HR=1.643, 95% CI: 1.078-2.504; P=0.026,
HR=1.406, 95% CI: 1.042-1.898; P<0.001, HR=2.561, 95% CI: 1.915-3.423, Fig. 5F).

3.4 Establishment of the nomogram in breast cancer
The nomogram was constructed to predict the 5-, 7-, and 10-years OS of BC patients based on the risk
score and other independent prognostic factors in the TCGA data (Fig. 6A). The calibration curve revealed
good performance of the nomogram for forecasting the 5-, 7-, and 10-years OS in breast cancer patient
samples (Fig. 6B, C, and D). The AUC of the nomogram was 0.774, 0.774 and 0.820 for the 5-, 7- and 10-
year OS, respectively (Fig. 6E).

3.5 The lncRNA–mRNA co-expression network and
functional enrichment analysis
A lncRNA-mRNA co-expression network contained 26 lncRNA-mRNA pairs was constructed to identify the
potential prognostic roles of the 12 TRP-associated lncRNAs (Fig. 7A). The Sankey diagram not only
displayed the relationship between 12 TRP-associated lncRNAs and targeted mRNAs, but also displayed
the correlation between TRP-associated lncRNAs and the risk types (Fig. 7B).
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GO and KEGG analysis were performed in the DEGs between high-risk and low-risk groups to investigate
the biological processes and signaling pathways related to the TRP-associated-lncRNA signature. The top
30 GO terms were presented in Fig. 8A and B. Besides, 25 and 19 KEGG enriched signing pathways in
training and validation groups were presented in Fig. 8C and D. Consequently, the results of GO and KEGG
enrichment analysis were associated with immune cell activation, immunoregulation, and immune
response.

3.6 Relevance of ESTIMATE scores and 12-TRP-related-
lncRNA signature
The Stromal score, Immune score and ESTIMATE score for each sample were calculated by use of
ESTIMATE algorithm to further descript the TIME landscape and the overall degree of immune in�ltration.
As a result, samples of low-risk group were indicated with higher Stromal score, Immune score, and
ESTIMATE score instead of high-risk group samples in training set as well as validation set (P<0.05) (Fig.
9).

3.7 Features of the tumor immune microenvironment in
breast cancer
According to the functional enrichment analysis, the DEGs between high-risk and low-risk groups were
commonly enriched in some immune activity pathways. Hence, ssGSEA was employed to further
investigate the differences of immune signatures for different risk groups. Both outcomes in training set
and validation set revealed that the in�ltration levels of some sorts of immune cell subtypes were notably
increased as the risk scores decreased both in training and validation sets, for instance B cells, CD8+ T
cells, DCs, iDCs, Mast cells, Neutrophils, NK cells, pDCs, T helper cells, Tfh, Th1 cells, Th2 cells, TIL, aDCs
and Macrophages (Fig. 10A and C). Additionally, in training and validation sets, several immune
signatures were remarkably different between high-risk and low-risk groups, including APC co-inhibition,
CCR, checkpoint, cytolytic activity, HLA, in�ammation promoting, MHC class , para-in�ammation, T cell
co-inhibition, T cell co-stimulation and IFN response type  (Fig. 10B and D).

3.8 Immunotherapy response prediction
Immune checkpoint blockade (ICB) molecules and microsatellite instable (MSI) in tumor tissue were
considered as potential biomarkers for immunotherapy response predicting. As shown in Fig. 11, the
expression levels of 5 key ICB genes were elevated in low-risk group both in training set and validation
set, including PD1, CD274, LAG3, CTLA4 as well as TIM3(P<0.05). simultaneously, the transcriptional
expression of important mismatch repair genes in each tumor specimen were assessed and compared.
MSH2, MSH6, and PMS2 were found highly expressed in the high-risk group instead of low-risk group
(P<0.001) (Fig. 12A and B). Accordingly, the microsatellites were considered more stable in the samples
of high-risk group. IPS was a signi�cant predictor for response to anti-PD-1 and anti-CTLA4. Therefore,
the IPS of each sample was generated by use of TCIA database to forecast the differences of
immunotherapy response between high- and low- risk groups. The IPS of anti-PD-1, anti i-CTLA-4, and
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anti-CTLA-4 plus anti-PD-1 in low-risk group were signi�cantly higher than that in high-risk group (Fig. 12C
and D). Consequently, the 12-TRP-related-lncRNA risk model had a potential ability to predict the
immunotherapy response of BC patients. The patients with lower risk score were considered to have
better outcomes with immunotherapy.

4 Discussion
Most of the multifunctional family of ion channels formed by TRP channels were calcium-permeable,
shown intricate patterns of regulation and were sensitive to a wide range of environmental conditions.
Some studies indicated that ion channels may hold a key role in the induction and progression of
carcinoma[29]. Several studies in breast cancer revealed that potassium (K+) channels[30, 31] were
engaged in the processes of cell proliferation, cell cycle progression, as well as metastasis. Fraser et al.
found that the activities of sodium (Na+) channels[32] were associated with the progression and invasion
of breast carcinoma. Since 1969, TRP channels were �rstly discovered in drosophila by Cosens and
Manning[33], the role of TRP channels in malignant tumors continues to be identi�ed. The roles of
different TRP subfamily members were varied in different kinds of neoplasm. Gkika and colleagues
conducted a study of TRP channels in prostate cancer[34], suggesting that TRPM8 and TRPV6 were
novel markers for tumor progression. In hepatocellular carcinoma, TRPV2 was identi�ed as a potential
prognostic factor due to the correlation of tumor differentiation and TPRV2 gene expression[35]. He B et
al. found that the invasion abilities of nasopharyngeal cancer cells could be inhibited by silencing the
expression of TRPC1 in tumor cells[17]. Besides, the pharmacological inhibitors for TPRC1 could make
the cell cycle of malignant glioma stagnating to suppress the tumor cell proliferation[18]. In esophageal
carcinoma, TRPC6 was proposed as a potential target for treatment by Ding and colleagues, which was
associated with the growth of tumor cells[36].

Breast cancer is a kind of highly heterogeneous tumor with a high rate of proliferation, invasion, and
metastasis, which was associated with the microenvironment changes[37]. The development of
mammary tumor was considered associated with the deregulation of Ca2+ homeostasis[38, 39]. In 2003,
the calcium channels were �rstly discovered to play a regulator role in breast tumor malignant
transformation[39]. After that, the correlation between Ca2+ homeostasis and breast tumor progression
were further explored. Some TRP subfamily members were suggested to play vital roles in growth and
migration of BC cells, including TRPM7[40], TRPC1[41], and TPRV6[42]. In addition, a number of
academics investigated in the relationship among TRP channels and clinical characteristics in BC.
Recently, several TRPs were reported highly overexpressed in invasive ductal carcinoma (IDC), for
example TRPC6, TRPM7, TRPM8, TRPV6 and TRPC1[43, 44]. As such, TRPs were proposed by some
scholars to be play as novel biomarkers for BC diagnosis and treatment. Despite of multiple approaches
were developed for antitumor, patients suffered from advanced BC were still considered a big medical
challenge. Recently, more and more academics focused on the potential ability of TRP channel to be as
the targets of anticancer therapy. However, knowledge about the relationship between TPR channels and
immunotherapy is lacking. Hence, we explored the correlation of TRP-related lncRNAs and the prognostic
outcomes of BC patients to identify the potential targets for BC immunotherapy.
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In our study, the prognostic lncRNAs associated with TRP channels were identi�ed by the analysis of
lncRNA expression in BC samples from TCGA data. After that, the 12-TRP-related-lncRNA risk model was
established to divide the BC patients in training set and validation set into high-risk groups and low-risk
groups according to the median cut-off value of training set. Interestingly, a signi�cant distinction in
prognostic outcomes was observed between different risk groups via survival analysis. The AUCs of the
12-lncRNA-based risk scores in training ser for the 5-, 7- and 10-year OS predictors were 0.752, 0.822 and
0.833, respectively. Subsequently, we created a lncRNA-mRNA co-expression network and conducted
functional enrichment analysis. Notably, biological processes associated with immunology was identi�ed
highly enriched, including but not limited to immune cell activation and immune response. Therefore, the
in�ltration of immune cells was further investigated to identify the features of TRP-related tumor immune
microenvironment.

Recently, some academics focused on the role of TRP channels in calcium signaling and
immunomodulation. Calcium is core to a number of biological processes, for example, the activation and
maintenance of the immune system[26]. As of now, store-operated calcium entry (SOCE) was the most
widely known mechanism of calcium ion infusion into cells, that was the key to immune cell
activation[45]. TRP channels were engaged in a variety of biological processes in the immune system,
involving activation of B and T cell receptor, antigen presentation via DCs, degranulation of mast cell as
well as bactericidal activities of macrophage and neutrophil[26]. Some studies indicated that TRP
channels were signi�cant for the initiation of adaptive and innate immune response. Several studies
proved that the TRP channels were expressed both in the murine T cells[46, 47] and human T cells[48],
such as TRPV, TRPC, TRPA and TRPM. TRPC5 was identi�ed as an immunosuppressor associated with
CD4+ and CD8+ T cell activation[49]. TPRC3 was reported to be upregulated in response to the
stimulation of multiclonal T cells, further promoting the proliferation of cells associated with Ca2+[48].
Moreover, some studies indicated that TRPV1 and TRPV2 were expressed not only in human
leukocytes/lymphocytes but also in CD4+ T cells[50, 51]. Besides, several TRP channels were suggested
to be expressed in primary human B cells, including TRPC2, TRPC6, TPRV2 and TPRM7[52–54]. TRPC
channels were demonstrated to be involved in B cell receptor signaling[52]. Simultaneously, TPRM
channels were found to play important roles in cell proliferation and intracellular tracking regulation. As
for innate immune system, recent research revealed that TRP channels were involved in the Ca2+
homeostasis in NK cells[28, 55]. TRPV and TRPM channels were identi�ed linked to DCs function,
including thermosensation, antigen presentation, tra�cking and migration[26, 56]. In addition, there was
increasing evidence that TRP channels were essential for monocytes, macrophages, neutrophils, and
mast cells[26]. TRPC1 has been demonstrated associated with neutrophil migration in murine[57]. TRPV2
was reported to be a participant in macrophage chemotaxis and cytokine production[58, 59]. The study in
asthmatic rats revealed that TRPM7 channel played a key in mast cell function, for instance,
degranulation and cytokine release[60]. According to our research, TRP-related lncRNA risk model was
associated with the in�ltration of immune cells. Hence, we hypothesized that the expression of TRP
channels could be closely related to alterations in the tumor immune microenvironment. However, seldom
studies investigated the regulating mechanisms of TRP channels in TIME.
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Since the outcomes linked the TRP-related lncRNA signature to immune cell in�ltration in breast cancer,
these TRP-related lncRNAs may be the novel targets for immunotherapies, such as immune checkpoint
inhibitors. According to the results of our study, low-risk group based on 12-TRP-lncRNA risk model
presented higher immune checkpoint molecules expression levels with better prognosis. Besides, IPS and
MSI analysis were further indicated that lower risk scores meant better immunotherapy response. As
such, the TRP-associated-lncRNA risk model was considered as a predictor for immunotherapy response
in patients with breast cancer, which was able to facilitate the development of novel treatment strategies.

Our study was the �rst one to construct a TRP-associated-lncRNA risk model based on 12 TRP-related
lncRNAs by use of public databases, considered as independent factor for prognosis predicter in patients
with breast cancer. However, there are still some limitations in our study. Firstly, a single data collected
from TCGA database was enrolled in this study. Secondly, due to the incomplete clinical information,
some other prognostic features were excluded out univariate and multivariate COX regression analysis,
for example immunotherapy, chemotherapy, and radiotherapy data. Thirdly, this study only explored the
relationship between the TRP-associated-lncRNA signature and in�ltration of immune cells, while seldom
investigated the immune regulating mechanisms of TRP channels. Consequently, additional validation
experiments are essential to con�rm the prognostic predictive e�ciency of this signature and the
correlation of TRP channels and tumor immune microenvironment should be further studied. We provided
a novel insight for anti-tumor immunity in breast cancer.

5 Conclusion
A TRP-related lncRNAs risk model was constructed as an independent prognostic risk factor for breast
cancer patients by use of bioinformatics tools and associated algorithms. This model is believed to be
closely related to the immune cell in�ltration and plays a vital role in new strategies for the future
immunotherapy of breast cancer.

Declarations
Acknowledgements

The authors would like to thank TCGA (http://cancergenome.nih.gov) for data collection.

Authors’ contributions

Q.G. and P.Q. conceived the study, performed the literature search and bioinformatics analysis, and
prepared the �gures; J.C., P.Q., B.W. and K.P. helped with data collection, analysis, and interpretation. Q.G.
and J.L. wrote and revised the manuscript. Q.G. and P.Q. share the �rst authorship of this study. The
author(s) read and approved the �nal manuscript.

Funding



Page 13/29

No funding.

Availability of data and materials 

All data generated and described in this article are available from the corresponding web servers and are
freely available to any scientist wishing to use them for noncommercial purposes, without breaching
participant con�dentiality. Further information is available from the corresponding author on reasonable
request.

Ethics approval and consent to participate 

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declared no potential con�icts of interest in terms of the research, authorship, and/or
publication of this article.

References
1. Siegel R, Miller K, Jemal A: Cancer statistics, 2020. CA Cancer J Clin 2020, 70(1):7–30.

2. Bray F, Ferlay J, Soerjomataram I, Siegel R, Torre L, Jemal A: Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin 2018, 68(6):394–424.

3. Ma W, Zhao F, Yu X, Guan S, Suo H, Tao Z, Qiu Y, Wu Y, Cao Y, Jin F: Immune-related lncRNAs as
predictors of survival in breast cancer: a prognostic signature. J Transl Med 2020, 18(1):442.

4. Denaro N, Merlano M, Lo Nigro C: Long noncoding RNAs as regulators of cancer immunity. Mol
Oncol 2019, 13(1):61–73.

5. Zhang L, Xu X, Su X: Noncoding RNAs in cancer immunity: functions, regulatory mechanisms, and
clinical application. Mol Cancer 2020, 19(1):48.

�. Kim J, Piao H, Kim B, Yao F, Han Z, Wang Y, Xiao Z, Siverly A, Lawhon S, Ton B et al: Long noncoding
RNA MALAT1 suppresses breast cancer metastasis. Nat Genet 2018, 50(12):1705–1715.

7. Monteith G, McAndrew D, Faddy H, Roberts-Thomson S: Calcium and cancer: targeting Ca2+
transport. Nature reviews Cancer 2007, 7(7):519–530.

�. Orrenius S, Zhivotovsky B, Nicotera P: Regulation of cell death: the calcium-apoptosis link. Nature
reviews Molecular cell biology 2003, 4(7):552–565.



Page 14/29

9. Nilius B, Owsianik G, Voets T, Peters J: Transient receptor potential cation channels in disease.
Physiol Rev 2007, 87(1):165–217.

10. Vassilieva I, Tomilin V, Marakhova I, Shatrova A, Negulyaev Y, Semenova S: Expression of transient
receptor potential vanilloid channels TRPV5 and TRPV6 in human blood lymphocytes and Jurkat
leukemia T cells. The Journal of membrane biology 2013, 246(2):131–140.

11. Miller A, Du J, Rowan S, Hershey C, Widlund H, Fisher D: Transcriptional regulation of the melanoma
prognostic marker melastatin (TRPM1) by MITF in melanocytes and melanoma. Cancer Res 2004,
64(2):509–516.

12. Marasa B, Rao J, Zou T, Liu L, Keledjian K, Zhang A, Xiao L, Chen J, Turner D, Wang J: Induced TRPC1
expression sensitizes intestinal epithelial cells to apoptosis by inhibiting NF-kappaB activation
through Ca2+ in�ux. The Biochemical journal 2006, 397(1):77–87.

13. Ma X, Cai Y, He D, Zou C, Zhang P, Lo C, Xu Z, Chan F, Yu S, Chen Y et al: Transient receptor potential
channel TRPC5 is essential for P-glycoprotein induction in drug-resistant cancer cells. Proc Natl Acad
Sci U S A 2012, 109(40):16282–16287.

14. Venkatachalam K, Montell C: TRP channels. Annu Rev Biochem 2007, 76:387–417.

15. Li H: TRP Channel Classi�cation. Adv Exp Med Biol 2017, 976:1–8.

1�. Wes P, Chevesich J, Jeromin A, Rosenberg C, Stetten G, Montell C: TRPC1, a human homolog of a
Drosophila store-operated channel. Proc Natl Acad Sci U S A 1995, 92(21):9652–9656.

17. He B, Liu F, Ruan J, Li A, Chen J, Li R, Shen J, Zheng D, Luo R: Silencing TRPC1 expression inhibits
invasion of CNE2 nasopharyngeal tumor cells. Oncol Rep 2012, 27(5):1548–1554.

1�. Bomben V, Sontheimer H: Disruption of transient receptor potential canonical channel 1 causes
incomplete cytokinesis and slows the growth of human malignant gliomas. Glia 2010, 58(10):1145–
1156.

19. Vercelli C, Barbero R, Cuniberti B, Racca S, Abbadessa G, Piccione F, Re G: Transient receptor potential
vanilloid 1 expression and functionality in mcf-7 cells: a preliminary investigation. J Breast Cancer
2014, 17(4):332–338.

20. Zhou K, Zhang S, Yan Y, Zhao S: Overexpression of transient receptor potential vanilloid 2 is
associated with poor prognosis in patients with esophageal squamous cell carcinoma. Medical
oncology (Northwood, London, England) 2014, 31(7):17.

21. Peters A, Simpson P, Bassett J, Lee J, Da Silva L, Reid L, Song S, Parat M, Lakhani S, Kenny P et al:
Calcium channel TRPV6 as a potential therapeutic target in estrogen receptor-negative breast cancer.
Mol Cancer Ther 2012, 11(10):2158–2168.

22. Kraft R, Harteneck C: The mammalian melastatin-related transient receptor potential cation channels:
an overview. P�ugers Archiv: European journal of physiology 2005, 451(1):204–211.

23. Duncan L, Deeds J, Hunter J, Shao J, Holmgren L, Woolf E, Tepper R, Shyjan A: Down-regulation of
the novel gene melastatin correlates with potential for melanoma metastasis. Cancer Res 1998,
58(7):1515–1520.



Page 15/29

24. Samanta A, Hughes T, Moiseenkova-Bell V: Transient Receptor Potential (TRP) Channels. Subcell
Biochem 2018, 87:141–165.

25. Hopkins M, Feng X, Liu M, Parker L, Koh D: Inhibition of the transient receptor potential melastatin-2
channel causes increased DNA damage and decreased proliferation in breast adenocarcinoma cells.
Int J Oncol 2015, 46(5):2267–2276.

2�. Froghi S, Grant C, Tandon R, Quaglia A, Davidson B, Fuller B: New Insights on the Role of TRP
Channels in Calcium Signalling and Immunomodulation: Review of Pathways and Implications for
Clinical Practice. Clin Rev Allergy Immunol 2021, 60(2):271–292.

27. Wang J, Lu Z, Gabius H, Rohowsky-Kochan C, Ledeen R, Wu G: Cross-linking of GM1 ganglioside by
galectin-1 mediates regulatory T cell activity involving TRPC5 channel activation: possible role in
suppressing experimental autoimmune encephalomyelitis. Journal of immunology (Baltimore, Md:
1950) 2009, 182(7):4036–4045.

2�. Nguyen T, Johnston S, Clarke L, Smith P, Staines D, Marshall-Gradisnik S: Impaired calcium
mobilization in natural killer cells from chronic fatigue syndrome/myalgic encephalomyelitis patients
is associated with transient receptor potential melastatin 3 ion channels. Clin Exp Immunol 2017,
187(2):284–293.

29. Shapovalov G, Ritaine A, Skryma R, Prevarskaya N: Role of TRP ion channels in cancer and
tumorigenesis. Semin Immunopathol 2016, 38(3):357–369.

30. Ouadid-Ahidouch H, Ahidouch A: K+ channel expression in human breast cancer cells: involvement in
cell cycle regulation and carcinogenesis. The Journal of membrane biology 2008, 221(1):1–6.

31. Zhang L, Zou W, Zhou S, Chen D: Potassium channels and proliferation and migration of breast
cancer cells. Sheng li xue bao: [Acta physiologica Sinica] 2009, 61(1):15–20.

32. Fraser S, Diss J, Chioni A, Mycielska M, Pan H, Yamaci R, Pani F, Siwy Z, Krasowska M, Grzywna Z et
al: Voltage-gated sodium channel expression and potentiation of human breast cancer metastasis.
Clinical cancer research: an o�cial journal of the American Association for Cancer Research 2005,
11(15):5381–5389.

33. Cosens D, Manning A: Abnormal electroretinogram from a Drosophila mutant. Nature 1969,
224(5216):285–287.

34. Gkika D, Prevarskaya N: TRP channels in prostate cancer: the good, the bad and the ugly? Asian
journal of andrology 2011, 13(5):673–676.

35. Hu Z, Cao X, Fang Y, Liu G, Xie C, Qian K, Lei X, Cao Z, Du H, Cheng X et al: Transient receptor
potential vanilloid-type 2 targeting on stemness in liver cancer. Biomedicine & pharmacotherapy =
Biomedecine & pharmacotherapie 2018, 105:697–706.

3�. Ding X, He Z, Shi Y, Wang Q, Wang Y: Targeting TRPC6 channels in oesophageal carcinoma growth.
Expert Opin Ther Targets 2010, 14(5):513–527.

37. Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N, Poortmans P, Ruddy K, Tsang J,
Cardoso F: Breast cancer. Nature reviews Disease primers 2019, 5(1):66.



Page 16/29

3�. Lee W, Monteith G, Roberts-Thomson S: Calcium transport and signaling in the mammary gland:
targets for breast cancer. Biochim Biophys Acta 2006, 1765(2):235–255.

39. Baldi C, Vazquez G, Boland R: Capacitative calcium in�ux in human epithelial breast cancer and non-
tumorigenic cells occurs through Ca2+ entry pathways with different permeabilities to divalent
cations. J Cell Biochem 2003, 88(6):1265–1272.

40. Guilbert A, Gautier M, Dhennin-Duthille I, Haren N, Sevestre H, Ouadid-Ahidouch H: Evidence that
TRPM7 is required for breast cancer cell proliferation. American journal of physiology Cell physiology
2009, 297(3):C493-502.

41. El Hiani Y, Lehen'kyi V, Ouadid-Ahidouch H, Ahidouch A: Activation of the calcium-sensing receptor by
high calcium induced breast cancer cell proliferation and TRPC1 cation channel over-expression
potentially through EGFR pathways. Arch Biochem Biophys 2009, 486(1):58–63.

42. Bolanz K, Hediger M, Landowski C: The role of TRPV6 in breast carcinogenesis. Mol Cancer Ther
2008, 7(2):271–279.

43. Dhennin-Duthille I, Gautier M, Faouzi M, Guilbert A, Brevet M, Vaudry D, Ahidouch A, Sevestre H,
Ouadid-Ahidouch H: High expression of transient receptor potential channels in human breast cancer
epithelial cells and tissues: correlation with pathological parameters. Cellular physiology and
biochemistry: international journal of experimental cellular physiology, biochemistry, and
pharmacology 2011, 28(5):813–822.

44. Ouadid-Ahidouch H, Dhennin-Duthille I, Gautier M, Sevestre H, Ahidouch A: TRP channels: diagnostic
markers and therapeutic targets for breast cancer? Trends Mol Med 2013, 19(2):117–124.

45. Hoth M, Penner R: Depletion of intracellular calcium stores activates a calcium current in mast cells.
Nature 1992, 355(6358):353–356.

4�. Wu G, Lu Z, Gabius H, Ledeen R, Bleich D: Ganglioside GM1 de�ciency in effector T cells from NOD
mice induces resistance to regulatory T-cell suppression. Diabetes 2011, 60(9):2341–2349.

47. Rao G, Kaminski N: Induction of intracellular calcium elevation by Delta9-tetrahydrocannabinol in T
cells involves TRPC1 channels. J Leukoc Biol 2006, 79(1):202–213.

4�. Philipp S, Strauss B, Hirnet D, Wissenbach U, Mery L, Flockerzi V, Hoth M: TRPC3 mediates T-cell
receptor-dependent calcium entry in human T-lymphocytes. The Journal of biological chemistry
2003, 278(29):26629–26638.

49. Wenning A, Neblung K, Strauss B, Wolfs M, Sappok A, Hoth M, Schwarz E: TRP expression pattern
and the functional importance of TRPC3 in primary human T-cells. Biochim Biophys Acta 2011,
1813(3):412–423.

50. Bertin S, Aoki-Nonaka Y, de Jong P, Nohara L, Xu H, Stanwood S, Srikanth S, Lee J, To K, Abramson L
et al: The ion channel TRPV1 regulates the activation and proin�ammatory properties of CD4+ T
cells. Nat Immunol 2014, 15(11):1055–1063.

51. Bachiocco V, Bergamaschi R, Spinsanti G, Lima M, Romagnoli R, Sorda G, Aloisi A: Lymphocyte TRPV
1-4 gene expression and MIF blood levels in a young girl clinically diagnosed with HSAN IV. The
Clinical journal of pain 2011, 27(7):631–634.



Page 17/29

52. Liu Q, Liu X, Wen Z, Hondowicz B, King L, Monroe J, Freedman B: Distinct calcium channels regulate
responses of primary B lymphocytes to B cell receptor engagement and mechanical stimuli. Journal
of immunology (Baltimore, Md: 1950) 2005, 174(1):68–79.

53. Numaga T, Nishida M, Kiyonaka S, Kato K, Katano M, Mori E, Kurosaki T, Inoue R, Hikida M, Putney J
et al: Ca2+ in�ux and protein scaffolding via TRPC3 sustain PKCbeta and ERK activation in B cells. J
Cell Sci 2010, 123:927–938.

54. Liu D, Scholze A, Zhu Z, Kreutz R, Wehland-von-Trebra M, Zidek W, Tepel M: Increased transient
receptor potential channel TRPC3 expression in spontaneously hypertensive rats. Am J Hypertens
2005, 18(11):1503–1507.

55. Nguyen T, Staines D, Nilius B, Smith P, Marshall-Gradisnik S: Novel identi�cation and characterisation
of Transient receptor potential melastatin 3 ion channels on Natural Killer cells and B lymphocytes:
effects on cell signalling in Chronic fatigue syndrome/Myalgic encephalomyelitis patients. Biol Res
2016, 49(1):27.

5�. Maschalidi S, Nunes-Hasler P, Nascimento C, Sallent I, Lannoy V, Garfa-Traore M, Cagnard N,
Sepulveda F, Vargas P, Lennon-Duménil A et al: UNC93B1 interacts with the calcium sensor STIM1
for e�cient antigen cross-presentation in dendritic cells. Nature communications 2017, 8(1):1640.

57. Yin J, Michalick L, Tang C, Tabuchi A, Goldenberg N, Dan Q, Awwad K, Wang L, Er�nanda L, Nouailles
G et al: Role of Transient Receptor Potential Vanilloid 4 in Neutrophil Activation and Acute Lung
Injury. Am J Respir Cell Mol Biol 2016, 54(3):370–383.

5�. Entin-Meer M, Levy R, Goryainov P, Landa N, Barshack I, Avivi C, Semo J, Keren G: The transient
receptor potential vanilloid 2 cation channel is abundant in macrophages accumulating at the peri-
infarct zone and may enhance their migration capacity towards injured cardiomyocytes following
myocardial infarction. PLoS One 2014, 9(8):e105055.

59. Entin-Meer M, Cohen L, Hertzberg-Bigelman E, Levy R, Ben-Shoshan J, Keren G: TRPV2 knockout
mice demonstrate an improved cardiac performance following myocardial infarction due to
attenuated activity of peri-infarct macrophages. PLoS One 2017, 12(5):e0177132.

�0. Huang L, Ng N, Chen M, Lin X, Tang T, Cheng H, Yang C, Jiang S: Inhibition of TRPM7 channels
reduces degranulation and release of cytokines in rat bone marrow-derived mast cells. International
journal of molecular sciences 2014, 15(7):11817–11831.

Tables
Table 1 Clinicopathological features of patients with breast cancer in this study.



Page 18/29

Figures



Page 19/29

Figure 1

Analysis �ow chart.
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Figure 2

Identi�cation of prognostic differential expression TRP-associated lncRNAs in BC patients. (a) Volcano
plot of differential expression lncRNAs. Upregulated lncRNAs were shown by red spots and the
downregulated ones were shown by green spots. (b) The forest plot showed the HR (95%CI) and p-value
of selected prognostic lncRNAs by univariate Cox proportional-hazards analysis. (c) The 19 overlapped
lncRNAs of differential expression lncRNAs, prognostic lncRNAs and TRP-associated lncRNAs were
shown by Venn diagram.

Figure 3

Selection for 12 �nal prognostic TRP-assocaited lncRNAs by LASSO Cox regression analysis. (a) LASSO
coe�cient pro�les of 19 lncRNAs with P<0.01. (b) 5-fold cross-validations result which identi�ed optimal
values of the penalty parameter λ.
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Figure 4

Assessment the predictive effectiveness of TRP-associated lncRNAs risk model in training cohort and
validation cohort. (a, b) Kaplan–Meier survival curves for BC patients in training cohort (a) and validation
cohort (b), indicated that the OS of the low-risk groups was higher than that of the high-risk groups,
respectively (p=2.172E-05 and p = 8.172E-06, respectively). (c, d) ROC curve analysis for the accuracy of
the signature to predict prognosis of BC patients at 5, 7 and 10 years in the training (c) and validation (d)
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cohorts. The distribution and median value of the risk score in training cohort (e). The distribution and of
the risk score in validation cohort (f) and the cut-off value of high and low risk sets was set as the median
score of training cohort. The distributions of survival time status, and risk scores in training (g) and
validation (h) cohorts. 

Figure 5

Identi�cation of TRP-related lncRNAs risk model as an independent prognostic factor in BC. Univariate
and multivariate Cox regression analyses of the risk model in the training cohort (a and d), validation
cohort (b and e) and complete cohort (c and f). 
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Figure 6

Clinical prognostic nomogram for survival prediction. (a) Clinical prognostic nomogram was applied to
predict 5-, 7-, and 10-year survival by age, lymph node status and risk score. Calibration curves showing
nomogram predictions for 5-year (b), 7-year (c), and 10-year (d) survival. (e) Time-dependent ROC curve
analysis for predicting OS at 5-, 7-, and 10-year survival.
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Figure 7

Establishment of a LncRNA-mRNA co-expression network (a). The relationship among 12 TRP-associated
lncRNAs, 11 mRNAs, and risk types (risk or protective) were shown in Sankey diagram (b).
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Figure 8

Representative results of GO and KEGG enrichment analysis in training and validation sets. (a, c) In
training set, the DEGs between high-risk and low-risk groups enrichment in GO terms and KEGG
pathways. (b, d) In validation set, the DEGs between different risk groups enrichment in GO terms and
KEGG pathways.
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Figure 9

The stromal scores, immune scores, and ESTIMATE scores were signi�cantly different between high-risk
group and low-risk group in training (a, b and c) and validation (d, e and f) cohorts.



Page 27/29

Figure 10

Relevance among TRP-associated-lncRNA risk score and TIME characteristics in BC. (a, c) The immune
cell in�ltration differences between high-risk group and low-risk group in training (a) and validation (c)
cohorts. (b, d) The distinction of immune-associated signature between different risk groups in training
(c) and validation (d) cohorts. (* indicated P<0.05, ** indicated P<0.01, *** indicated P<0.001)
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Figure 11

The different expression levels of immune checkpoint genes between high-risk and low- risk groups. The
expression levels of PD1 (a), CD274 (b), CTLA4 (c), LAG3 (d) and TIM3 (e) in high- and low- risk groups in
training set (P<0.01). The expression levels of PD1 (f), CD274 (g), CTLA4 (h), LAG3 (i) and TIM3 (j) in
high- and low- risk groups in validation set (P<0.01).
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Figure 12

Immunotherapy response prediction. The expression of mismatch repair genes in breast cancer samples,
including MSH2, MSH6, MLH1, and PMS2, expressed signi�cantly lower in the low-risk groups in training
(a) and validation (b) sets. The IPS of anti-(CTLA-4 plus PD-1), anti-CTLA-4, and anti-PD-1 in low-risk
groups were notably higher in training (c) and validation (d) sets, indicating that BC patients with lower
risk score shown better outcomes of immunotherapy responses.
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