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Abstract: Objective: We developed a risk model based on pyroptosis-related long non-coding RNAs (lncRNAs) and
assessed its prognostic value and clinical significance in breast cancer (BRCA). Methods: BRCA RNA sequencing data with corresponding clinical information were retrieved from The Cancer Genome Atlas (TCGA) database.
Univariate Cox regression analysis was used to examine correlations between prognosis of BRCA patients and the
expression levels of pyroptosis-related lncRNAs. A prognostic model was developed and validated by identifying
the correlation of risk scores with tumor immune infiltration and immune cell function through immune response
analysis. Functional analyses of focal dysfunction-related lncRNA were also carried out. Lastly, single sample gene
set enrichment analysis (ssGSEA) was conducted to determine the differences in immune responses between the
low- and high-risk groups. Results: We divided the TCGA-BRCA dataset into 3 clusters by consensus clustering, and
identified 11 pyroptosis-related lncRNAs that are differentially expressed between tumors and normal tissues. In
addition, we determined if PD-L1 expression is associated with clustering and gene expression. The list was further
narrowed down to eight pyroptosis-related lncRNAs and their regression coefficients were obtained through LASSO
regression analysis. The relative proportion of 22 different immune cells in the BRCA microenvironment was determined using the CIBERSORT algorithm to explore the indicative effects of risk score on the tumor microenvironment
(TME). We found that the resting mast cells, M0, and M2 macrophages were positively correlated with the risk
scores. Conclusion: The potential role of pyroptosis-related lncRNAs in BRCA prognosis may be exploited as a treatment target for patients with BRCA.
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Introduction
Breast cancer has surpassed lung cancer as
the most extensive and persistent tumor in
women, with approximately 2.3 million new
cases in 2020. It has become the fifth major
contributor to cancer-related mortality worldwide, with approximately 685,000 casualties
every year [1]. Although the diagnostic techniques and treatment for BRCA have significantly improved in recent years, the overall survival rate of BRCA patients remains dissatisfactory. Hence, optimizing techniques for the diagnosis, treatment, and prediction of BRCA prognosis are necessary.
Pyroptosis, a recently identified type of programmed cell death, is characterized by continuous cell membrane expansion which results

in the rupture and eventual discharge of cell
contents as well as the activation of inflammatory responses [2]. There are two pathways of
pyroptosis, the classical and the non-classical
ones [3]. Pyroptosis can be activated by either
caspase-1-dependent or independent inflammasomes. In both mechanisms, the inflammasomes associates with disconnected gasdermins (GSDMs) using free N-terminal peptides
and induce the cell membrane cleavage and
subsequent release of cytoplasmic components. GSDM-mediated pyroptosis relies on the
innate immune response to antagonize pathogen infection [4, 5]. Existing literature shows
that Granzyme B (GZMB), a cytotoxic granzyme,
can directly cleave GSDME and activate cancer cell pyroptosis, subsequently activating the
anti-tumor immune response and inhibiting
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Table 1. Pyroptosis gene members
Original Member
Gene Symbol
ENSG00000073282
TP63
ENSG00000083937
CHMP2B
ENSG00000087088
BAX
ENSG00000100453
GZMB
ENSG00000101421
CHMP4B
ENSG00000105928
GSDME
ENSG00000115008
IL1A
ENSG00000115561
CHMP3
ENSG00000125347
IRF1
ENSG00000125538
IL1B
ENSG00000130724
CHMP2A
ENSG00000137752
CASP1
ENSG00000137757
CASP5
ENSG00000141510
TP53
ENSG00000147457
CHMP7
ENSG00000150782
IL18
ENSG00000164305
CASP3
ENSG00000164695
CHMP4C
ENSG00000168310
IRF2
ENSG00000172115
CYCS
ENSG00000176108
CHMP6
ENSG00000189403
HMGB1
ENSG00000196954
CASP4
ENSG00000197561
ELANE
ENSG00000254505
CHMP4A
ENSG00000278718
GSDMD
ENSG00000285302
CHMP4A

Gene Description
Tumor protein p63
Charged multivesicular body protein
BCL2 associated X
Granzyme B
Charged multivesicular body protein
Gasdermin E
Interleukin 1 alpha
Charged multivesicular body protein
Interferon regulatory factor 1
Interleukin 1 beta
Charged multivesicular body protein
Caspase 1
Caspase 5
Tumor protein p53
Charged multivesicular body protein
Interleukin 18
Caspase 3
Charged multivesicular body protein
Interferon regulatory factor 2
Cytochrome c, somatic
Charged multivesicular body protein
High mobility group box 1
Caspase 4
Elastase, neutrophil expressed
Charged multivesicular body protein
Gasdermin D
Charged multivesicular body protein

tumor growth [6]. Furthermore, higher levels of
GSDMB expression were correlated with higher
metastasis and lower rates of survival in BRCA
patients. Recent studies have confirmed that
intracellular delivery of GSDMB inhibitors in
BRCA effectively reduce GSDMB function in
migration, metastasis, and drug resistance of
cancer cells, providing a new targeted therapeutic strategy for HER2-positive BRCA patients
[7].
Long non-coding RNAs (lncRNAs) belong to a
class of RNAs which are over 200 nucleotides
in length and are not translated into proteins.
LncRNAs rely primarily on post-transcriptional
modifications to participate in epigenetic regulation, particularly in cellular differentiation,
and the regulation of tumor occurrence and
progression [8]. lncRNAs might affect the sensitivity of BRCA cells to anthracycline and paclitaxel chemotherapeutic drugs [9, 10]. Moreover,
it has been shown that lncRNAs regulate the
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differentiation and functions
of immune cells, including
dendritic cells (DCs), T cells,
and macrophages to cause
the immune escape of tumor
cells [11-13]. Additionally, lncRNAs also recruit a variety of
immunosuppressive factors,
affecting the tumor microenvironment, leading to immune
escape [14-16].
In this study, we acquired the
clinical and genetic data of
1,099 BRCA patients from
the TCGA database. Subsequently, statistical methods
were used to screen for 8
lncRNAs related to pyroptosis
and to evaluate the correlations between the expression
of lncRNAs and the prognosis
and immune status of BRCA
patients.
Materials and methods
Data acquisition

The mRNA sequencing and
clinical data of 1,099 BRCA
patients in a standardized FPKM format was obtained from
the TCGA database (https://
portal.gdccancer.gov/repository) with strict accordance to the data access
regulations and release requirements of the
database. From this dataset, we obtained a
total of 27 pyroptosis-related genes (Table 1)
using a molecular signature database (http://
www.gsea-msigdb.org/gsea/).
LncRNA screening and consensus clustering
To identify the target RNAs, we first screened
685 lncRNAs associated with 27 known pyroptosis-related genes (BAK1, BAX, CASP1, CASP3,
CASP4, CASP5, CHMP2A, CHMP2B, CHMP3,
CHMP4A, CHMP4B, CHMP4C, CHMP6, CHMP7,
CCS, ELANE, GSDMD, GSDME, GZMB, HMGB1,
IL18, IL1A, IL1B, IRF1, IRF2, TP53, and TP63).
The univariate Cox model was used to screen
for pyroptosis-related lncRNAs that may predict BRCA prognosis. From the analysis, we
obtained 11 target lncRNAs that are differentially expressed between tumors and normal
tissues. Next, we grouped the tumor tissues
Am J Transl Res 2022;14(5):2779-2800
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Then, we conducted a tdistributed stochastic neighbor embedding (t-SNE)
analysis and principal
gene
HR
HR.95L
HR.95H
p value
component analysis (PCA).
OTUD6B-AS1 1.080146747 1.025433392 1.137779405 0.00364986
The “Rtsne” and “ggplot2”
AL135818.1 0.432874017 0.241908381 0.774590421 0.004797959
packages in R were utiLINC01871 0.809043355 0.713549827 0.91731667 0.000944033
lized to visualize the resultAC005785.1 0.470592592 0.278072932 0.796400375 0.004984066
ing two-dimensional data.
AC105020.5 0.272876784 0.121296155 0.613883754 0.001692268
Subsequently, the indeAC069360.1 2.223886223 1.425930276 3.468381319 0.000423874
pendent prognostic indiAC091182.2 1.138830155 1.052585827 1.232140969 0.001214452
cators were determined
using the “survival” packAC002398.1 0.781585984 0.664982305 0.918635949 0.002794551
age. The risk score for preNIFK-AS1
0.644699644 0.483078082 0.860394307 0.00287206
dicting the prognosis of
AC090912.3 0.085843853 0.015630092 0.47147305 0.00472598
BRCA patients was estiAC110995.1 1.237266832 1.093806951 1.399542407 0.000709337
mated by multivariate and
univariate Cox regression
into three clusters via consensus clustering
analysis. Lastly, the “survival” R package was
again utilized to examine the survival probabilibased on the previously obtained differentially
ty of the low- and high-risk patient groups.
expressed lncRNA. Lastly, we also analyzed
whether PD-L1 expression was associated with
The screened target lncRNAs were employed
clustering and expression.
as independent prognostic indicators to create
ESTIMATE
a nomogram [20]. The diagram was then utilized to evaluate the prediction accuracy of the
The ESTIMATE calculation method was used to
model at three time points: 1-, 2-, and 3-years
analyze the ESTIMATE, immune, and stromal
following diagnosis. The consistency index (C
scores [17]. Subsequently, we examined the
index) and calibration chart were used in corassociation between the three clusters and the
recting the nomogram through the guidance
tumor-infiltrating immune cells (TICs).
technique of 1000 resampling.
Table 2. Univariate analysis showing associations between PyroptosisRelated lncRNA in BRCA. Unadjusted HRs are shown with 95 percent
confifidence intervals

Construction and verification of the BRCA prognostic model
To improve the fidelity and validity of our prognostic model, we categorized the patient data
at random into a training cohort (N=728) and
a test cohort (N=311). The LASSO Cox regression analysis was utilized to narrow the range
of pyroptosis-related lncRNA to reduce the risk
of overfitting [18, 19]. A total of 8 pyroptosisrelated lncRNA were filtered out through multivariate Cox regression analysis and were used
to create a risk model that aims to predict
patient survival rates. Patient risk scores were
computed according to the normalized expression level of each gene and its corresponding
regression coefficient using the following
equation:
Risk score = OTUD6B-AS1×0.045+AL13581 8 . 1 × - 0 . 0 0 9 + L I N C 0 1 8 71 × - 0 . 1 5 2 +
AC105020.5×-0.648+AC069360.1×0.499+
AC002398.1×-0.006+NIFK-AS1×-0.296+AC
090912.3×-0.943.
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Comparison of pyroptosis-related lncRNAs
Signature with other breast cancer pyroptosis
models
To determine whether our 8 pyroptosis-related
lncRNAs are superior to other breast cancer
pyroptosis models, we used the subject work
curve (ROC) to compare 7 lncRNAs Signature
[20] and 8 lncRNAs Signature [21]. The 1, 3,
and 5-year ROC curves constructed for the all
TCGA cohort were compared with 8 lncRNAs
Signature associated with scorch death in this
study to assess the advantages and disadvantages of each model. As well as we compare
the C-index and RMS.
Functional enrichment analysis
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) function enrichment analyses were conducted on the target
lncRNAs to examine the differences between
the low- and high-risk groups. The ssGSEA was
usedto calculate the enrichment scores of disAm J Transl Res 2022;14(5):2779-2800
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Table 3. Primer sequences for qRT-PCR
Primer
LINC01871-F
LINC01871-R
OTUD6B-AS1-F
OTUD6B-AS1-R
AL135818.1-F
AL135818.1-R
AC105020.5-F
AC105020.5-R
NIFK-AS1-F
NIFK-AS1-R
AC090912.3-F
AC090912.3-R
AC002398.1-F
AC002398.1-R
AC069360.1-F
AC069360.1-R

Sequence (5’-3’)
ACATCATAGTGACCCCCTATCTCTG
CCTTTCTCTTCAGTCTCCTGTGTAG
CAGCCTTTCAGAGTAAGTGGAGTAG
CATCTGTGGTACAGGTAGGAGATTG
CAACTCCTACCATGTCTAGACACAG
CTATAAGACTACTCCTTCCGGCCTA
GGAGGGAAAGACACTACTCTACATC
GATTCTCTACCTGACCACTTCTCTC
GGTCTTCGAAAGTGCTGGGA
GCCTTTGCACCATGGTGTTT
GGAAAGTGCCAACCAGCTTG
AATCTTCCCTGGCTGGCTTC
AACAGGGACAAAAAGGGGCA
AGGATGGGAATTGGCAAGGG
CAGGCCCAAGACTTTTTGGC
GGTTTTGCAAGAGCCACTGG

tinct immune cell subgroups and to determine
the associated activities and pathways in order
to explore the correlations between immunological status and risk score [22].
Estimation of TICs
The CIBERSORT method [23] was employed to
determine the distribution of 22 TICs in BRCA
specimens. Wilcoxon rank-sum test was used
to compare the proportion of immune cells in
tumor tissues of patients as well as the associations between immune cell distribution and
lncRNA expression in the high- and low-risk
groups.
Cell culture
MCF-7 cells were cultured in RPMI-1640 medium and MCF-10A cells in DMEM medium, all
media were mixed with 10% fetal bovine serum
+1% double antibody. Cells were incubated in
5% CO2 in a 37°C thermostat.
Patient samples
From February 2022 to March 2022, breast
cancer and para-cancerous tissues were collected from five patients in the Breast surgery
department of the Affiliated Zhuzhou Hospital
of Xiang Ya School of Medicine Central South
University. After careful examination of these
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tissues by three pathologists, the diagnosis of
breast cancer was made. The patients had not
undergone any treatment prior to surgery. All
patients signed an informed consent form. This
study was approved by the Ethics Committee
of the Affiliated Zhuzhou Hospital of Xiang Ya
School of Medicine Central South University
(No. 201905032). The study was in accordance
with the Declaration of Helsinki.
Quantitative real-time PCR (qRT-PCR)
The total RNA from patient samples and cell
were using Total RNA Extraction Kit (Solarbi,
China). To quantify eight pyroptosis-related
lncRNAs levels, reverse transcription of cDNA
was performed using prime script rt kit (Takara).
The eight pyroptosis-related lncRNAs expression levels were measured using SYBR Green
qPCR Mix (Takara). The primers sequences
were listed Table 3. The relative expression
levels of the eight pyroptosis-related lncRNAs
were determined using the 2-ΔΔCt method.
Statistical analysis
We normalized all RNA-Seq data by the ComBat
function in the sva software package. Wilcoxon
rank sum test was performed to check the difference of gene expression between normal tissues and tumor tissues. The survival curve was
drawn with the help of the Kaplan-Meier method, clustering classification was carried out by
consensus clustering software package, and
the ssGSEA algorithm helped in the evaluation
of tumor-infiltrating immune cells. All statistics
were completed using the R language software
package (https://www.r-project). We considered P-value <0.05 as significant.
Ethical approval
As this work is a bioinformatics analysis, ethical
approval is not required. All methods were performed in accordance with the relevant guidelines and regulations.
Results
Screening of pyroptosis-related lncRNAs in
BRCA
A total of 685 lncRNAs associated with the regulation of 27 pyroptosis-related genes were
screened (Figure 1A). A shortlist of 11 prognos-
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Figure 1. Screening of pyroptosis-related lncRNA.
A, B. Network and Forest plot of the prognostic
ability of the 11 filtered pyroptosis-related lncRNA included in the prognostic signature. C, D.
Heat map and the expression level of 11 pyroptosis-related prognostic genes in BRCA tumour
tissues and normal tissues. E. Sankey diagram
visualizing a co-expression network of 11 pyroptosis-related lncRNAs and pyroptosis with prognostic value in BRCA. *P<0.05; **P<0.01; and
***P<0.001.

tically related lncRNAs was obtained using univariate Cox analysis (Figure 1B). The corresponding expression of these lncRNAs are
shown in the boxplot and heatmap (Figure 1C,
1D). Four of these genes (OTUD6B-AS1, AC091182.2, AC110995.1, AC069360.1) were
highly expressed in cancerous tissues, while
the remaining seven genes (AC090912.3, AC105020.5, AL135818.1, AC005785.1, NIFKAS1, AC002398.1, LINC01871) had low expression levels in BRCA (Table 2). Our study
mapped the Sankey diagram of lncRNAs-Pyroptosis (Figure 1E) to better illustrate the role of
2783

lncRNA-regulated pyroptosis-related genes in
BRCA.
Clustering and expression analysis of pyroptosis-related lncRNA
Using consensus clustering, we selected
groups with high expression of focal pyroptosisrelated prognostic lncRNA based on the largest
CDF and AUC area. Three different subgroups
were identified from the analysis (Figure 2A).
Cluster 3 had the highest score among the 3
clusters, while cluster 2 scored the lowest.
Am J Transl Res 2022;14(5):2779-2800
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Figure 2. The classification and clinical characteristics associated with pyroptosis-related lncRNA. A. The consensus matrix of the optimal k-3. B. Kaplan-Meier
overall survival (OS) curve for different clustered patients (P=0.005). C. PD-L1 express in BRCA and normal tissue. D. The expression level of PD-L1 in cluster 1/2/3
subtypes. E. Heat map of the correlation between the expression levels of 11 filtered pyroptosis-related lncRNA and clinical pathological characteristics in different
clusters. F. The correlation of PD-L1 with pyroptosis-related lncRNA.
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Figure 3. The relationship between the ESTIMATE associated with pyroptosis-related lncRNA cluster type. Immune
scores (A), stromal scores (B), and ESTIMATE scores (C).

Analyses of the Kaplan-Meier survival curves
show that BRCA patients in cluster 3 exhibited better overall survival (OS) compared to
Clusters 1 and 2 (P=0.005) and that more
than 50% of the patients in Clusters 1 and 3
had OS of more than ten years (Figure 2B).
Furthermore, our results show that patients
in cluster 3 had a significantly higher PD-L1
expression (Figure 2C), indicating that patients
under this cluster may benefit from PD-L1
inhibitors (Figure 2D). We further analyzed the
expression levels of the target genes, clusters,
and clinical characteristics by creating a heat
map showing the correlations between the
scores and BRCA prognosis. We found that
patients with elevated scores in Clusters 1 and
3 had less lymphatic metastasis (P<0.05). In
contrast, tumors were more likely to progress in
cluster 2 BRCA patients with high expression
levels of pyroptosis-related lncRNA, especially
OTUD6B-AS1 and AC091182.2 (Figure 2E).
Additionally, PD-L1 and lncRNA correlation analysis showed that PD-L1 is significantly positively correlated with AL135818.1, LINC01871,
AC110995.1, and AC069360.1 (Figure 2F).
Immunological analysis of lncRNA clusters
We determined the relationship between the
clusters and the immune, stromal, and
ESTIMATE scores using the ESTIMATE calculation method. Our analyses showed that the
clusters were closely related to the immunization, stromal, and ESTIMATE scores, especially
Cluster 3, which scored highest on both the
immunization and ESTIMATE scores (Figure
3A-C). Next, we re-evaluated the correlation
between the clusters and the 22 different types
of immune cells (Figure 4A: B cells memory,
Figure 4B: B cells naive, Figure 4C: Dendritic
2785

cells activated, Figure 4D: Dendritic cells
resting, Figure 4E: T cells CD8, Figure 4F:
Macrophages M0, Figure 4G: Macrophages
M1, Figure 4H: Macrophages M2, Figure 4I:
T cells regulatory (Tregs), Figure 4J: T cells follicular helper, Figure 4K: NK cells activated,
Figure 4L: Plasma cells, Figure 4M: T cells
CD4 memory activated, Figure 4N: T cells CD4
memory resting, Figure 4O: T cells gamma
delta) in the TME. Among these cell types,
naïve B cells, M0 macrophages, M2 macrophages, and resting CD4+ memory T cells were
found to be inversely correlated with cluster 3.
Based on these results, we propose that the
expression of pyroptosis-related lncRNA may
promote the polarization of M0 macrophages
to M2 macrophages, therefore resisting tumor
effects and promoting tumor progression.
Development and verification of the BRCA
prognostic model
LASSO regression analysis was performed on
the eight previously screened pyroptosis-related lncRNAs to obtain their coefficients (Figure
5A, 5B). The risk score of each BRCA patient
was determined. Based on the median value of
their risk scores, the patients were classified
into low- and high-risk groups. Kaplan-Meier
analyses showed that the OS of patients in the
low-risk group was significantly elevated as
opposed to that of patients in the high-risk
group, for both the training and test sets
(P<0.05) (Figure 5C, 5D). Furthermore, the
one-year area under the ROC curve (AUC) for
the training and test set was 73.4% and 71.7%,
respectively (Figure 5E, 5F). We constructed
the BRCA prognostic risk model, where the
training median risk score was 0.49 (Figure
6A), and testing where the median risk score
Am J Transl Res 2022;14(5):2779-2800
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Figure 4. The relationship between the tumor-infiltrating immune cells (TICs) associated with pyroptosis-related lncRNA cluster type. (A) B cells memory, (B) B cells
naive, (C) Dendritic cells activated, (D) Dendritic cells resting, (E) CD8 T cells CD, (F) Macrophages M0, (G) Macrophages M1, (H) Macrophages M2, (I) T cells regulatory (Tregs), (J) T cells follicular helper, (K) NK cells activated, (L) Plasma cells, (M) T cells CD4 memory activated, (N) T cells CD4 memory resting, (O) T cells gamma
delta.
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Figure 5. Prognosis of pyroptosis-related lncRNA genetic characteristic models. A, B. LASSO regression of 8 pyroptosis-related genes. C, D. Kaplan-Meier analysis survival rates for patients in high-risk and low-risk groups. E, F. AUC
time-dependent ROC curve evaluates the prognosis model for OS.

was 0.52 (Figure 6B). On the other hand,
the high-risk group exhibited an obviously
increased mortality rate in comparison with
the low-risk group (Figure 6C, 6D). Likewise,
elevated expression levels of OTUD6B-AS1 and
AC069360.1 were observed in the high-risk
group in contrast to the low-risk group (Figure
6E, 6F). The results of the PCA and the t-SNE
analyses revealed that the distribution of
2787

patients in the high- and low-risk groups is
inverse to each other (Figure 6G-J). Extract
multifactor analysis was employed to create a
nomogram to verify the validity of the eight
independent prognostic indicators, identify the
corresponding probability of each lncRNA
expression on the nomogram, and determine
the probability of a patient to survive for 1, 2,
and 3 years (Figure 7A). The calibration chart
Am J Transl Res 2022;14(5):2779-2800
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Figure 6. Re-verification of the prognostic model. (A, B) The distribution and median of the risk score. (C, D) The
status of OS and the distribution of risk scores. (E, F) Expression spectrum of pyroptosis-related lncRNA genes in
training (E) and testing cohort (F). (G, H) PCA diagram. (I, J) t-SNE analysis.

successfully predicted a three-year probability
of survival (Figure 7B).
Statistical analysis of the BRCA prognostic
model
To investigate if risk scores could be utilized as
an independent prognosis indicator of OS, univariate and multivariate Cox analyses were
conducted on clinical parameters. Univariate
Cox analysis showed that the risk scores in
training and testing cohorts were greatly associated with OS (training cohort: HR=9.387; 95%
CI=4.074-21.631; P<0.001; testing cohort:
HR=11.885; 95% CI=4.023-35.113; P<0.001;
2788

Figure 8A, 8B). Similar results were observed
using multivariate Cox analysis (training cohort:
HR=8.048; 95% CI=3.561-18.188; P<0.001;
testing cohort: HR=5.706; 95% CI=1.88817.244; P=0.002) (Figure 8C, 8D). Thus, we
inferred that the risk score has a better prediction accuracy for BRCA prognosis.
Comparison of genetic features associated
with other models of prognosis of pyroptosis in
BRCA
To determine whether our 8 pyroptosis-related
lncRNAs model were superior to other breast
cancer pyroptosis models, by comparing them
Am J Transl Res 2022;14(5):2779-2800
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Figure 7. Nomogram based on the prognosis characteristics of the 8 genes is in the TCGA cohort. Build a nomogram
model of five genes and high and low risk to predict one, two, and three years of survival with TCGA Set (A). The
calibration chart shows that the predicted survival rate is consistent with the actual survival rates for 3 years with
TCGA Set (B). The x-axis represents the line method to predict survival, and the y-axis represents actual survival.

Figure 8. Independent risk factor analysis and validation. Univariate and Multivariate analyses shows that the risk
score (based on the pyroptosis-related lncRNA) is an independent prognostic predictor in the training Set (A, B) and
Verification Set (C, D).

with the 7 lncRNAs model and the 8 lncRNAs
model, our pyroptosis model AUC values at 1,
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3, and 5 years that were statistically significant
(Supplementary Figure 1A), The ROC results of
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the risk model we constructed suggested that
the AUC values were higher than 7 lncRNAs
model and the 8 lncRNAs model, and the
C-index and RMS were similar to the results of
Gao and LV, indicating that the prediction accuracy of our study would be higher overall
(Supplementary Figure 1).
Subgroup analysis of the BRCA prognostic
model
We also classified metastasis, lymph node status, tumor size, sex, age, and clinical staging in
patients to probe into the ability of the prognostic model to predict their clinicopathological
characteristics. BRCA patients aged ≤55 years
and those in subgroups aged >55 years and
belonging to the high-risk group exhibited lower
OS relative to the low-risk group (P=0.003 and
P=0.023, Figure 9A, 9B). The female patients
exhibited a better OS in the low-risk group
(P<0.001, Figure 9C), but no difference in OS
for male patients (Figure 9D). Compared with
similar high-risk group patients, those with T1-2
and T3-4 tumors (P=0.003 and P=0.022,
Figure 9E, 9F) and those without lymph node
metastasis (No subgroup P=0.002, Figure 9G,
9H) had better prognosis in the low-risk group.
Moreover, the M0 group of low-risk patients
exhibited better OS relative to similar high-risk
group patients (P=0.003, Figure 9I), but no difference in M1 group for male patients (Figure
9J). In patients with Stage I-II BRCA, the lowrisk group still exhibited better OS as opposed
to the high-risk group (Figure 9K), in the Stage
III-IV BRCA no difference (Figure 9L). Overall,
subgroup analysis revealed that there were significant differences between the low- and highrisk groups. This provides further evidence that
our prognostic model effectively predicts the
clinical prognosis of BRCA patients.
Functional enrichment analysis
The R software was utilized to conduct the
GO function and KEGG pathway enrichment
analysis between the low- and high-risk groups.
GO functional enrichment analysis shows that
high and low risk is strongly associated with
immunity and immune response (Figure 10A).
As demonstrated by the findings of the KEGG
enrichment analysis, the primary pathways
involved were “Chemokine signaling pathway”,
“T cell receptor signaling pathway”, “PD-1
checkpoint pathway”, “B cell receptor signaling
2790

pathway”, “PD-L1 expression”, and “NF-kappa
B signaling pathway” in cancer (Figure 10B).
Analysis of the association between risk
scores and clinical features in BRCA patients
To examine the correlation between the prognostic model and the resulting clinical features,
we conducted a specific analysis to identify if
the risk score is relevant to clinical pathology
information (Figure 11A). We compared age,
gender, tumor size (T), distant metastases
and lymph node metastases (N), and clinical
stage in the high and low-risk groups. (Figure
11B-I). Prominent differences in the risk score
between the T, N, and clinical stage subgroups
were observed, such as lower immune scores
correlate to higher T and clinical stage. Furthermore, we found that lymph node metastasis
indicates higher risk scores, resulting in a poor
prognosis.
Analysis of TME and the immune status of
BRCA patients
To explore the indicative effects of the risk
score on the TME, we used a cell classification
algorithm to detect the proportion of 22
immune cells in the BRCA microenvironment
(Figure 12). Wilcoxon and Mann-Whitney test
results showed that the distribution of activated CD4+ memory T cells, follicular helper T cells
(Tfh), memory B cells, plasma cells γδT cells,
regulatory T (Treg) cells, naïve B cells, CD8+ T
cells, activated NK (natural killer) cells, and
M1 macrophages were relatively higher in the
high-risk group than in the low-risk group.
Similarly, the number of resting mast cells, M0
macrophages, and M2 macrophages, and was
relatively elevated in the high-risk group than
the low-risk group.
Pearson’s analysis was utilized to demonstrate
a common expression pattern between different immune cells. Similarly, we further examined the association between the risk scores
and the proportion of immune cells (Figure
13A-M). In this study, we found that the number
of resting mast cells, M0 macrophage, and M2
macrophage had a positive association with
the risk score. In contrast, the number of activated NK cells, γδT cells, follicular helper T
cells, memory B cells, CD8+ T cells, plasma
cells, activated CD4+ memory T cells, naive B
cells, Treg cells, and M1 macrophages had a
Am J Transl Res 2022;14(5):2779-2800
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Figure 9. Relationship between prognostic model and clinical pathological characteristics. (A, B) Age, (C, D) Gender, (E, F) Tumor size, (G, H) Lymph node metastasis,
(I-L) Metastasize, (K, L) Stage.
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Figure 10. Functional enrichment analysis is based on DEGs between high and low risk groups in the TCGA cohort. A. GO, Gene Ontology. B. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 11. The relationship between risk score and clinical features. (A) Pyroptosis-related lncRNA expression levels
associated with cluster and clinical pathological characteristics showing in Heatmap. (B) Age, (C) Gender, (D) Tumor
size, (E) Lymph node metastasis, (F) Metastasize, (G) Stage. (H) ImmuneScore, (I) Cluster.

negative association with the risk score. These
findings further confirm that the risk score predicts the immune activity in the BRCA TME.
Various immune cells and corresponding immunological pathways were subjected to ssGSEA
analysis in order to investigate the differences
in immune-related status between the low- and
high-risk groups (Figure 14). With regard to antigen presentation, we discovered that the terms
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“Type II IFN Response”, “T cell co-stimulation”, “CCR”, “Parainflammation”, “Checkpoint”,
“MHC-I class”, “Cytolytic activity”, “Inflammation-promoting”, “HLA”, “T cell co-inhibition”,
and “APC co-inhibition”, score was higher in
the low-risk group. Similarly, “Macrophages”,
“B cells”, “aDCs”, “CD8+ T_cells”, “iDCs”, “NK_
cells”, “DCs”, “pDCs”, “helper T cells”, “Tfh”,
“Th1 cells”, “Th2 cells”, and “Tregs” score also
higher in low-risk groups.
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Pyroptosis-related lncRNA risk model in BRCA
1,099 BRCA patients, 11 of
which were associated with
BRCA prognosis. Four of the
prognostic lncRNAs exhibited
high expression in BRCA tumor tissues, whereas the other
seven were poorly expressed.
One out of four highly expressed lncRNA and three out of
seven poorly expressed lncRNA showed a positive correlation with patient OS and
were found to be sensitive to
PD-L1 inhibitors. In addition,
we found that M2 macrophages are negatively correlated with pyroptosis-related
genes. However, M2 macroFigure 12. Immunological analysis between riskscore group. The infiltration
phages could promote tumor
levels of 22 immune cell types in high-risk and low-risk group.
growth, invasion, and metastasis [24]. We repeatedly conAs evidenced by the expression levels of PDfirmed the reliability of the proposed BRCA
L1 and CTLA4, those in the low-risk group had
prognostic model through different analysis
elevated checkpoint scores. PD-L1 and CTLA4
methods and demonstrated that it could preare typical immunological checkpoints that
dict the OS and clinical characteristics of BRCA
modulate the length and intensity of immune
patients. Moreover, we also explored the TME
responses as well as the ability of tumors to
of BRCA and found that low lncRNA expression
evade the detection from the immune system
is associated with increased sensitivity to
under physiological settings. In this study, it
PD-L1 inhibitors. We, therefore, propose that
was shown that the levels of PD-L1 and CTLA4
the levels of PD-L1 and CTLA4 expression may
expression were greatly elevated in the lowbe analyzed to forecast the prognosis of BRCA
risk group as opposed to the high-risk group
patients.
(Figure 15A, 15B). The expression levels of
Among the eight pyroptosis-related lncRNA
these genes were shown to be inversely assoincluded in the constructed risk model,
ciated with the risk scores. A similar pattern
OTUD6B-AS1 was found to be involved in sevwas seen with other immune checkpoints,
eral cancers. Overexpression of this lncRNA
including CXCR2 and TLT8 (Figure 15C, 15D).
was previously shown to suppress the prolifeThe levels of PD-L1, CTLA4, CXCR2 and TLT8
ration, migration, and invasiveness of colorecexpression were shown to be inversely assocital cancer [25]. In liver cancer, OTUD6B-AS1
ated with the risk scores (Figure 15E, 15H).
stimulates the activation of the GSKIP/Wnt/βValidated these eight genes by breast cancer
catenin pathway by blocking miR-664b-3p,
tissue samples and cell experiments
thereby promoting the progression of the disease [26] LINC01871, on the other hand, is
The qRT-PCR was performed on mammary epiinvolved in the construction of risk prediction
thelial cells MCF-10A and breast cancer cells
models related to BRCA immunity [27] and
MCF-7 cell, as well as 5 pairs of breast cancer
autophagy [28]. NIFK-AS1, another pyroptosistissues and para-cancerous tissues, to verify
related lncRNA, participates in the progression
the mRNA expression levels of these eight
of hepatocellular carcinoma (HCC). NIFK-AS1,
characteristic genes. All results were in general
another pyroptosis-related lncRNA, was shown
agreement with the data in TCGA (Figure 16A,
to participate in the progression of hepatocel16B). (*P<0.05; **P<0.01; ***P<0.001).
lular carcinoma (HCC). An earlier study illustrated that NIFK-AS1 knockdown successfully
Discussion
inhibited the proliferation, migration, and invaIn this study, we found 685 lncRNAs which corsion of HCC cells, possibly by modulating
related with 27 pyroptosis-related genes from
MMP-7 and MMP-9 expression through the
2794

Am J Transl Res 2022;14(5):2779-2800

Pyroptosis-related lncRNA risk model in BRCA

Figure 13. Relationships between the risk score and infiltration abundances of 13 immune cell types. (A) B cells memory (P=0.0018), (B) B cells naive (P=0.00022),
(C) Macrophages M0 (P=7e-13), (D) Macrophages M1 (P=0.015), (E) Macrophages M2 (P=7e-16), (F) Mast cells resting (P=0.00031), (G) NK cells activated
(P=1.5e-06), (H) Plasma cells (P=0.00011), (I) T cells CD4 memory activated (P=0.00046), (J) T cells CD8 (P<2.2e-16), (K) T cells follicular helper (P=4.1e-05), (L)
T cells gamma delta (P=0.0071), (M) T cells regulatory (Tregs) (P=0.00016).
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BRCA. Moreover, exploring
the functions and mechanisms of PD-L1 and CTLA4
may reveal other potential
immune checkpoint inhibitors.
Additional research is needed
to verify the effectiveness of
the proposed risk model.
Finally, inducing pyroptosis in
BRCA may be an effective
method to improve the efficacy of immunotherapy in BRCA
patients.
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Figure 15. The correlation analysis between risk score and the expression levels of PD-L1, TLR8, CTLA4 and CXCR2. A, E. PD-L1. B, F. TLR8. C, G. CTLA4. D, H. CXCR2.

2797

Am J Transl Res 2022;14(5):2779-2800

Pyroptosis-related lncRNA risk model in BRCA

Figure 16. The relative expression levels of the eight genes qRT-PCR. A. MCF-10A/MCF-7. B. Breast cancer tissue
samples (*P<0.05; **P<0.01, ***P<0.001).
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Supplementary Figure 1. Comparison of pyroptosis-related lncRNAs Signature with other breast cancer pyroptosis
models. A: Our pyroptosis models. B: Gao Signature. C: Lv Signature. D, E: C-index and RMS index in three models.
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