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Abstract
Breast cancer (BRCA) is the most frequent malignant disease and cause of death in
females. Recent studies have uncovered the crucial roles of necroptosis-related miRNAs
in diverse cancers, including BRCA. However, the significance of necroptosis-related
miRNA in predicting the prognosis of BRCA remains largely undefined. This study
aimed at constructing a miRNA risk signature related to necroptosis and a nomogram
for estimating the prognosis of BRCA. The miRNA expression data and related clinical
information were downloaded from the BRCA cohort (containing tissue samples from
BRCA patients and normal para-cancer patients) of The Cancer Genome Atlas (TCGA)
database. We analyzed the miRNA expression profile and screened the differentially
expressed necroptosis-related miRNAs between BRCA and non-tumor samples. Then, a
risk signature for BRCA patients was developed based on prognostic necroptosis-related
miRNAs. The prognostic value of the risk signature was determined by Cox regression
analysis. We also constructed a prognostic nomogram based on risk signature and
clinicopathological characteristics, and evaluated its clinical potential using a calibration
chart. Lastly, to identify potential therapeutic target for BRCA. Six necroptosis-related
miRNAs (miR-141-3p, miR-148a-3p, miR-200a-5p, miR-223-3p, miR-425-5p, miR-7-
5p) were differentially expressed between normal and BRCA tissues, including five up-
regulated miRNAs and one down-regulated miRNA. They were used to construct the
risk signature. Receiver Operating Characteristic (ROC) curve analysis indicated that
the risk signature had good sensitivity and specificity (2-year area under curve (AUC):
0.627; 3-year AUC: 0.647) and was an independent prognostic factor (univariate Cox
regression: hazard ratio (HR) = 1.8066, 95% confidence interval (CI) (1.2867–2.5365),
p < 0.05; multivariate Cox regression: HR = 1.5246, 95% CI (1.0830–2.1462), p <

0.05). Calibration chart showed that the nomogram had good accuracy for predicting
the prognosis of BRCA patients. We also identified miR-223a-3p as a potential
therapeutic target for BRCA. This study identified 6 promising necroptosis-related
miRNAs, which were used to construct a signature model to predict BRCA patients’
prognosis. Further, a nomogram based on risk signatures and clinicopathological
characteristics was constructed and showed promising potential as an effective and
individualized diagnostic tool.
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1. Introduction

Breast cancer (BRCA) is a highly heterogeneous and aggres-
sive malignant disease [1]. It has currently surpassed lung
cancer as the most frequently occurring cancer worldwide and
is also the most frequently diagnosed and cause of cancer-
related death in females [2]. BRCA patients from high-risk
regions or countries (the United States, Denmark, Ireland,
etc.) have shown good responses to therapies, leading to a
decrease in mortality rates [3–5], with the 5-year survival rate

of BRCA patients being as low as 12%–20% in some countries
[6]. However, the incidence and mortality of BRCA in regions
such as South America, Asia and Africa are still increasing
annually. Due to the high heterogeneity of BRCA, remarkable
differences have been observed in the etiology, pathologi-
cal manifestations, and therapeutic response of the patients,
leading to huge challenges for improving the outcomes of
BRCA.With in-depth molecular mechanism and genomics ex-
ploration, the heterogeneity of BRCA and its underlyingmech-
anism of carcinogenesis have been gradually unveiled, with
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several therapeutic targets and prognostic markers identified.
For instance, due to the significant benefits from tamoxifen and
trastuzumab, which target estrogen receptor (ER) and human
epidermal growth factor receptor-2 (HER2), they are widely
used for BRCA treatment [7]. However, despite these promis-
ing responses, many patients still experience drug resistance,
tumor progression and metastasis, which greatly affects their
treatment outcomes and quality of life. Therefore, identifying
effective treatment targets and prognostic markers, developing
risk prediction models and improving individualized treatment
modalities are essential to improve therapeutic efficacy and
prognosis.
Necroptosis, a new form of programmed death with mixed

characteristics of cell necrosis and apoptosis, is distinct from
cell necrosis and apoptosis, despite showing similarities with
necrosis in morphology and apoptosis in mechanism [8].
Necroptosis can be evoked by diverse stimuli, including viral
infection, tumor necrosis factor, etc., and is pathologically
characterized by cell swelling, membrane perforation, rupture
and incompleteness, and severe inflammation, but without
significant change in chromatin [9]. The inductive mechanism
of necroptosis is related to the activation of a battery of
kinases. The activated receptor-interacting protein kinase
(RIPK) 1 and RIPK3 phosphorylate mixed-lineage kinase
domain-like pseudokinase (MLKL) can form necroptotic
bodies, leading to necroptosis [10, 11]. Necroptosis has
been shown to facilitate the progression and metastasis of
malignancies by controlling key regulators and delay cancer
progression when damage or resistance to apoptosis occurs
[12, 13]. Thus, considering its anti-tumor effects and good
performance in drug-resistant BRCA and triple-negative
BRCA [14–16], necroptosis is an appealing target for BRCA
treatment.
MicroRNAs (miRNAs) are a set of short non-coding

RNA with regulatory functions, which not only regulate
mRNA expression but also target non-coding RNAs (long
non-coding RNAs and miRNAs) [17]. Researchers have
found that miRNA regulates many biological processes,
including human body development and cell stability, by
influencing gene expression [18, 19]. There is also increasing
evidence showing miRNAs regulating biological processes
such as proliferation, adhesion, inflammation, senescence, and
apoptosis [20]. Consequently, anomalies in miRNAs can lead
to many diseases. Several studies have identified abnormal
miRNAs in cancer, while disturbances in their biological
processes such as proliferation, adhesion and inflammation
have been associated with cancer development, indicating
their vital modulatory role in human cancer [21, 22].
MiRNAs also exert tumor suppressor or oncogenic effects,

influencingmalignant BRCA occurrence and progression [23].
Tang et al. [24] found that the down-regulation of miR-
200 family members, such as miR-200a and miR-141, led
to high expression of friend leukaemia integration-1 (FLI1)
and transcription factor 12 (TCF12) and BRCA invasion and
metastasis. Kong et al. [25] reported that the down-regulation
of miR-7 and upregulation of focal adhesion kinase (FAK),
which is usually directly targeted by miR-7, was correlated
with the invasive phenotype of BRCA in metastatic BRCA
patients. However, there is limited data on the prognostic

effect of necroptosis-related miRNAs in BRCA.
Based on the existing findings and limitations in current

literature, this study mainly focused on investigating the prog-
nostic value of necroptotic miRNAs in BRCA to identify
effective therapeutic targets and prognostic markers by de-
veloping risk signature-based models. Further, we assessed
the clinicopathological factors of BRCA patients to develop
a nomogram for estimating individual risk [26] and also de-
veloped a prognostic nomogram incorporating clinical factors
and necroptotic miRNA risk signature to evaluate the clinical
prognosis of BRCA patients.

2. Materials and methods

2.1 Data retrieval
The BRCA miR-seq transcriptome data were primarily
downloaded and sorted through The Cancer Genome
Atlas (TCGA) (https://portal.gdc.cancer.gov/)
public database, from which we obtained sample data and
corresponding clinical information of 1103 BRCA and 104
normal cases. As the relevant data in the TCGA database
are publicly available, we strictly abided by the data access
policy of the TCGA database and ethical approval for this
study was not required. For identifying the necroptotic
miRNAs, we mainly referred to the investigations of Liu
et al. [12], from which 13 miRNAs related to necroptosis,
namely miR-495, miR-331-3p, miR-15a, miR-148a-3p,
miR-7-5p, miR-141-3p, miR-425-5p, miR-200a-5p, miR-210,
miR-223-3p, miR-500a-3p, miR-181-5p and miR-16-5p, were
retrieved.

2.2 Identification of necroptotic miRNAs
differentially expressed between tumor and
normal tissues
Before differential analysis, data matching for the 13
necroptotic miRNAs with the obtained TCGA cohort was
performed utilizing the “tidyverse” package in R language
software (4.1.0, Ross Bell Laboratories, Vienna, Austria),
followed by data normalization. Then, the “limma” package
was utilized to identify differentially expressed necroptotic
miRNAs between BRCA tissues and normal tissues, using a
false discovery rate (FDR) <0.05 as the criterion.

2.3 Prognostic models of
necroptosis-related miRNAs
To assess the prognostic value of necroptotic miRNAs, Cox
regression analysis was performed to identify the necroptotic
miRNAs closely associated with the overall survival (OS) of
BRCA patients, based on which 6 survival-related necroptotic
miRNAs were identified. Since the number of necroptotic
miRNAs obtained was less than 10, the Least absolute shrink-
age and selection operator (LASSO) regression model was
not utilized for further analysis. Next, risk characteristic
models were constructed for the 6 survival-related necroptotic
miRNAs. The risk score of each BRCA patient was expressed
by the sum of the retained scores of the necroptotic miRNAs.
The score of each necroptotic miRNAwas calculated by multi-
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TABLE 1. Clinical characteristics of the BRCA patients used in this study.

Characteristics Alive
(n = 926)

Dead
(n = 150)

Total
(n = 1076) p-value FDR

Cancer type
Breast cancer 926 (86.06%) 150 (13.94%) 1076 (100.00%)

Survival time (OS)
Mean ± SD 1201.17 ± 1161.43 1595.35 ± 1309.80 1256.12 ± 1190.44

Age
≤65 682 (63.38%) 91 (8.46%) 773 (71.84%)

1.50 × 10−3 2.90 × 10−3
>65 244 (22.68%) 59 (5.48%) 303 (28.16%)

Gender
Female 915 (85.04%) 149 (13.85%) 1064 (98.88%)

0.88 0.88
Male 11 (1.02%) 1 (0.09%) 12 (1.12%)

Stage
Stage I 167 (15.52%) 16 (1.49%) 183 (17.01%)

1.70 × 10−18 1.00 × 10−17

Stage II 543 (50.46%) 65 (6.04%) 608 (56.51%)
Stage III 198 (18.40%) 44 (4.09%) 242 (22.49%)
Stage IV 5 (0.46%) 15 (1.39%) 20 (1.86%)
Stage X 6 (0.56%) 6 (0.56%) 12 (1.12%)
NA 7 (0.65%) 4 (0.37%) 11 (1.02%)

T
T1 248 (23.05%) 33 (3.07%) 281 (26.12%)

2.10 × 10−5 6.40 × 10−5
T2 545 (50.65%) 76 (7.06%) 621 (57.71%)
T3 108 (10.04%) 25 (2.32%) 133 (12.36%)
T4 23 (2.14%) 15 (1.39%) 38 (3.53%)
TX 2 (0.19%) 1 (0.09%) 3 (0.28%)

N
N0 460 (42.75%) 44 (4.09%) 504 (46.84%)

5.40 × 10−8 2.20 × 10−7
N1 301 (27.97%) 60 (5.58%) 361 (33.55%)
N2 98 (9.11%) 22 (2.04%) 120 (11.15%)
N3 59 (5.48%) 15 (1.39%) 74 (6.88%)
NX 8 (0.74%) 9 (0.84%) 17 (1.58%)

M
M0 775 (72.03%) 120 (11.15%) 895 (83.18%)

1.10 × 10−17 5.30 × 10−17M1 5 (0.46%) 17 (1.58%) 22 (2.04%)
MX 146 (13.57%) 13 (1.21%) 159 (14.78%)

FDR: false discovery rate; OS: overall survival; SD: standard deviation; NA: not available.

TABLE 2. Time-dependent-Roc curve estimated using IPCW.

Year Cases Survivors Censored AUC
(%)

t = 2 42 583 431 62.69

t = 3 69 426 561 64.66

AUC: area under curve.
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plying the miRNA coefficient by the miRNA expression level
utilizing the following formula:
Risk score =

∑n
i=1 coefi × expi, wherein n refers to the

number of miRNAs, coefi refers to the regression coefficient
of miRNA, and expi refers to the expression level of miRNA
[27, 28]. Then, the BRCA cases were assigned to a low-risk
and a high-risk group based on the strength of the median risk
score. The “survival”, “timeROC”, and “ROCR” packages
were used to compare the OS between the low- and high-risk
groups, followed by receiver operating characteristic (ROC)
curve analysis. The time-dependent ROC curve was based on
the area under the ROC curve (AUC) to evaluate the prognostic
value of the biomarkers [29]. In this study, AUC values
ranged from 0 to 1, with an AUC of 0.5 indicating that the
model has no predictive value and AUC of 0.5–1 indicating
superior to random guesses and potential predictability [30,
31]. Univariate and multivariate Cox regression analyses were
also performed to determine whether the risk features could
serve as an independent biomarker of OS in BRCA.

2.4 Construction of a predictive nomogram

A clinical prognostic nomogram was plotted utilizing the “sur-
vival” and “rms” R packages, which covered the overall sur-
vival (OS)-associated risk signature and clinical factors involv-
ing age and tumor-node-metastasis (TNM) staging of BRCA
patients. The p values, hazard ratio (HR) values, and 95%
confidence interval (CI) of the risk signature and clinical fac-
tors are displayed in a forest plot, built using the “forestplot”
package. The “pheatmap” package was used to plot a heat map
of risk signature and related clinical factors. Next, a calibration
curve was drawn to evaluate the consistency between the
predicted results based on a prediction nomogram and the
actual clinical results.

2.5 Function analysis

The survival curves of the six prognostic necroptosis-related
miRNAs were analyzed utilizing the “survival” package
of the R language software. Furthermore, the necroptosis-
related miRNAs were screened with a threshold of p
< 0.05. Three online databases miRDB, miRTarBase
and TargetScan (http://www.mirdb.org/; http:
//mirtarbase.mBRCA.nctu.edu.tw/php/index.php;
http://www.targetscan.org) were utilized for predicting
the potential target genes of the miRNA candidates (p< 0.05).
The “VennDiagram” package was employed to plot a Venn
diagram showing the intersection among the targets gained
from three databases, and the Cytoscape software (v3.8.0) was
adopted to visualize the mRNA-miRNA regulatory network.
Lastly, Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analyses were performed to
identify target gene candidates using the “org.Hs.eg.db” R
package, the “clusterProfiler” R package [32], the “enrichplot”
R package, and the “ggplot2” R package.

3. Results

3.1 Basic Information
The flow diagram of this study is shown in Fig. 1. The BRCA
cohort and related clinical information were downloaded from
the TCGA database, and sample data were obtained for 1103
BRCA patients and 104 normal controls. The data of 1076
BRCA and 104 normal samples were used for this study after
excluding 27 BRCA samples due to missing clinical infor-
mation. The detailed clinical characteristics of 1076 BRCA
patients are summarized in Table 1.

3.2 Necroptosis-related miRNAs
differentially expressed between tumor and
non-tumor tissues
Six differentially expressed necroptotic miRNAs were identi-
fied between the tumor and non-tumor tissues, consisting of 5
up-regulated miRNAs (miR-141-3p, miR-148a-3p, miR-200a-
5p, miR-425-5p, andmiR-7-5p) and 1 down-regulated miRNA
(miR-223-3p). The expression patterns of the differentially
expressed miRNAs are displayed in the heat map of Fig. 2,
wherein the rows represent the miRNAs and columns represent
biological samples, with high expression indicated in red and
low expression in green.

3.3 Prognostic models of the 6 necroptotic
miRNAs
Here, Cox regression analysis was performed to identify
necroptotic miRNAs correlated with the OS of BRCA patients
and ultimately, the 6 necroptotic miRNAs were incorporated
into the risk characteristic models. The patient’s risk score
was calculated using the following formula: (−0.29911 ×
miR-141-3p) + (0.08017 × miR-148a-3p) + (−0.11211 ×
miR-200a-5p) + (−0.48988 × miR-223-3p) + (−0.04474 ×
miR-425-5p) + (0.14614 × miR-7-5p). Using the median risk
score as threshold (Fig. 3A, low-risk is represented by a solid
blue line, and high-risk is represented by a solid red line),
the BRCA patients were classified into a low- and high-risk
group (n = 528 for each cohort). The patient survival status of
each group is shown in Fig. 3B, in which the low-risk group
is presented on the left side and the high-risk on the right side
of the dotted line. In total, 82 deaths occurred in the high-risk
cohort, while the low-risk cohort exhibited fewer deaths (n
= 64) and superior OS (Fig. 3C, p = 0.001). The sensitivity
and specificity of the prognostic model constructed by the 6
necroptotic miRNAs were assessed by ROC curve analysis.
The AUC for 2-year and 3-year OS was 0.627 and 0.647,
respectively (Fig. 3D, Table 2).

3.4 The prognostic values of the risk
signature
Univariate and multivariate Cox regression analyses were per-
formed to determine whether the risk signature of the 6 necrop-
totic miRNAs could serve as independent prognostic factors in
the BRCA cohort. Univariate analysis showed the risk signa-
ture concerning the 6 necroptotic miRNAs was a significant
prognostic factor in the BRCA cohort (HR = 1.8066, 95%
CI (1.2867–2.5365), p < 0.05; Fig. 4A). After integrating
other complex factors, it was determined to be an independent

http://www.mirdb.org/
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FIGURE 1. Flow diagram. BRCA: breast cancer; TCGA: The Cancer Genome Atlas.

FIGURE 2. The heatmap of 6 differentially expressed necroptotic miRNAs.
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FIGURE 3. Prognostic models of 6 necroptotic miRNAs. (A) Distribution of patients in the low- and high-risk cohorts.
(B) OS of patients in the low- and high-risk cohorts. (C) Survival curves of patients in the low- and high-risk cohorts. (D) ROC
curves showing the predictive value of the prognostic model based on the 6 necroptotic miRNAs. AUC: area under curve.

prognostic factor for BRCA in the multivariate analysis (HR
= 1.5246, 95% CI (1.0830–2.1462), p < 0.05; Fig. 4B). Fur-
thermore, the 6 necroptotic miRNAs expression and clinical
features of BRCA patients also showed differences between
the two risk group (Fig. 4C).

3.5 Nomograms based on risk signature
and clinicopathological characteristics

The risk signature and clinicopathological characteristics (age
and TNM stage) were used to build a nomogram for predicting
the 3- and 5-year OS of BRCA patients. We calculated the
score value of each corresponding factor on the scale based
on the condition of each individual to generate a total score for
each patient (Fig. 5A). Then, the performance of the nomogram
was evaluated by a calibration chart. An ideal prediction
is represented by a solid blue line, and an actual prediction
is represented by a solid red line. A nomogram is more
accurate when the red and blue solid lines are closer [33]. The
calibration chart of the constructed nomogram showed that the
solid red line was close to the solid blue line, demonstrating
good performance in predicting the 3- and 5-year OS of BRCA
patients and in line with clinical practice (Fig. 5B–C).

3.6 Functional significance and potential
mechanism of miR-223-3p in BRCA

Kaplan-Meier survival curve shows that BRCA patients with
low miRNA-223-3p expression had significantly worse prog-
noses (Fig. 6A). The potential target genes of miR-223-3p
were predicted utilizing three online databases (miRDB, miR-
TarBase, and TargetScan) and 30 overlapping genes, which
can be visualized in the Venn diagram. The miRNA-mRNA
regulatory network can be visualized in Fig. 6B–C. To fur-
ther understand the functions of the 30 potential target genes,
we performed GO and KEGG pathway enrichment analy-
ses. The most reliable biological processes, molecular func-
tions, and enriched pathways were screened based on the p-
value (Fig. 7A–B). Among them, we found that these genes
were mainly enriched in the MAPK (mitogen-activated pro-
tein kinase) signaling pathway, signaling pathways regulating
pluripotency of stem cells, and transcriptional misregulation
in cancer. Additionally, miR-223-3p target genes were found
to primarily correlate with tumor cell proliferative, migratory
and invasive processes, modulation of stem cell pluripotency,
cancer transcription, etc. (Table 3).
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TABLE 3. The miR-223-3p target genes and their functional analysis.
GO/KEGG ID Description p-value p. adjust Target genes
BP GO: 0001779 Natural killer cell differentiation 6.62 × 10−6 0.006164 NLRP3, RIF1,

RRAS2
BP GO: 0043502 Regulation of muscle adaptation 1.52 × 10−5 0.006164 FOXO1, FOXO3,

IL6ST, SEPT2
BP GO: 0070301 Cellular response to hydrogen peroxide 1.52 × 10−5 0.006164 ECT2, FOXO1,

FOXO3, PHF19
BP GO: 1903706 Regulation of hemopoiesis 1.77 × 10−5 0.006164 FBXW7, FOXO3,

MEF2C, NLRP3,
RRAS2, TOX

BP GO: 0043500 Muscle adaptation 3.48 × 10−5 0.007696 FOXO1, FOXO3,
IL6ST, SEPT2

BP GO: 0002066 Columnar/cuboidal epithelial cell
development

4.24 × 10−5 0.007696 IL6ST, NLRP3,
TWF1

BP GO: 0042593 Glucose homeostasis 4.33 × 10−5 0.007696 CFTR, FOXO1,
FOXO3, IGF1R,

TWF1
BP GO: 0033500 Carbohydrate homeostasis 4.41 × 10−5 0.007696 CFTR, FOXO1,

FOXO3, IGF1R,
TWF1

BP GO: 0042542 Response to hydrogen peroxide 7.24 × 10−5 0.010187 ECT2, FOXO1,
FOXO3, PHF19

BP GO: 0034599 Cellular response to oxidative stress 7.30 × 10−5 0.010187 ECT2, FBXW7,
FOXO1, FOXO3,

PHF19
MF GO: 0001221 Transcription coregulator binding 0.000249 0.031019 FOXO1, FOXO3,

LMO2
MF GO: 0001228 DNA-binding transcription activator

activity, RNA polymerase II-specific
0.000631 0.031019 FOXO1, FOXO3,

MEF2C, NFIA,
TWF1

MF GO: 0001216 DNA-binding transcription activator
activity

0.000669 0.031019 FOXO1, FOXO3,
MEF2C, NFIA,

TWF1
MF GO: 0001227 DNA-binding transcription repressor

activity, RNA polymerase II-specific
0.001355 0.038670 FOXO3, NLRP3,

RIF1, TWF1
MF GO: 0001217 DNA-binding transcription repressor

activity
0.001403 0.038670 FOXO3, NLRP3,

RIF1, TWF1
MF GO: 0019903 Protein phosphatase binding 0.001669 0.038670 CDC27, FOXO1,

HSP90B1
KEGG hsa04152 AMPK signaling pathway 0.000120 0.009319 CFTR, FOXO1,

FOXO3, IGF1R
KEGG hsa04550 Signaling pathways regulating

pluripotency of stem cells
0.000235 0.009319 IGF1R, IL6ST,

POLR3G, TWF1
KEGG hsa04213 Longevity regulating pathway-multiple

species
0.000321 0.009319 FOXO1, FOXO3,

IGF1R
KEGG hsa05202 Transcriptional misregulation in cancer 0.000722 0.015705 FOXO1, IGF1R,

LMO2, MEF2C
KEGG hsa04211 Longevity regulating pathway 0.000929 0.016170 FOXO1, FOXO3,

IGF1R
KEGG hsa05215 Prostate cancer 0.001193 0.017301 FOXO1, HSP90B1,

IGF1R
GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; ID: Identification; BP: Biological Process; MF:
Molecular Function; AMPK: Adenosine 5’-monophosphate (AMP)-activated protein kinase; NLRP3: NOD-like receptor thermal
protein domain associated protein 3; RIF1: Replication Timing Regulatory Factor 1; RRAS2: RAS Related 2; FOXO1: Forkhead
Box O1; FOXO3: Forkhead Box O3; IL6ST: Interleukin 6 Cytokine Family Signal Transducer; SEPT2: Septin 2; ECT2:
Epithelial Cell Transforming 2; PHF19: PHD Finger Protein 19; FBXW7: F-Box And WD Repeat Domain Containing 7;
MEF2C: Myocyte Enhancer Factor 2C; TOX: Thymocyte Selection Associated High Mobility Group Box; TWF1: Twinfilin Actin
Binding Protein 1; CFTR: CF Transmembrane Conductance Regulator; IGF1R: Insulin Like Growth Factor 1 Receptor; PHF19:
PHD Finger Protein 19; LMO2: LIM Domain Only 2; NFIA: Nuclear Factor I A; CDC27: Cell Division Cycle 27; HSP90B1:
Heat Shock Protein 90 Beta Family Member 1; POLR3G: RNA Polymerase III Subunit G.
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FIGURE 4. The risk signature was identified as an independent prognostic factor in the BRCA cohort. (A) Results of
univariate Cox regression analysis in the BRCA cohort. (B) Results of multivariate Cox regression analysis in the BRCA cohort.
(C) Heatmap of clinicopathological characteristics of the low- and high-risk populations.
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FIGURE 5. Prognostic nomogram based on the incorporated risk signature and clinicopathological characteristics. (A)
Nomogram for the 3- and 5-year OS of BRCA patients. (B) Calibration chart of the nomogram for predicting the 3-year OS of
BRCA patients. (C) A Calibration chart of the nomogram for predicting the 5-year OS of BRCA patients.
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FIGURE 6. Functional analysis of miR-223-3p. (A) Patients with low miR-223-3p expression are associated with poor
prognoses. (B) Intersected targets of miR-223-3p predicted by miRDB, miRTarBase and TargetScan databases. (C) The miRNA-
mRNA regulatory network. CDC27: Cell Division Cycle 27; CFTR: CF Transmembrane Conductance Regulator; CYB5A:
Cytochrome B5 Type A; ECT2: Epithelial Cell Transforming 2; EPB41L3: Erythrocyte Membrane Protein Band 4.1 Like 3;
F3: Coagulation Factor III, Tissue Factor; FBXW7: F-Box And WD Repeat Domain Containing 7; FOXO1: Forkhead Box O1;
FOXO3: Forkhead Box O3; HSP90B1: Heat Shock Protein 90 Beta Family Member 1; IGF1R: Insulin Like Growth Factor 1
Receptor; IL6ST: Interleukin 6 Cytokine Family Signal Transducer; LMO2: LIM Domain Only 2; MEF2C: Myocyte Enhancer
Factor 2C; POLR3G: RNA Polymerase III Subunit G; PRDM1: PR/SET Domain 1; PTBP2: Polypyrimidine Tract Binding
Protein 2; RHOB: Ras Homolog Family Member B; RIF1: Replication Timing Regulatory Factor 1; RRAS2: RAS Related 2;
SEPT2: Septin 2; SMARCD1: SWI/SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin, Subfamily D,
Member 1; SP3: Sp3 Transcription Factor; TOX: Thymocyte Selection Associated High Mobility Group Box; TWF1: Twinfilin
Actin Binding Protein 1; ZNF365: Zinc Finger Protein 365; NFIA: Nuclear Factor I A; NLRP3: NOD-like receptor thermal
protein domain associated protein 3; PAX6: Paired Box 6; PHF19: PHD Finger Protein 19.
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FIGURE 7. GO and KEGG pathway enrichment results. (A) GO enrichment analysis results. (B) KEGG pathway
enrichment results. BP: Biological Process; MF: Molecular Function; AMPK: Adenosine 5’-monophosphate (AMP)-activated
protein kinase; FOXO: Forkhead Box O.
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4. Discussion

BRCA is associated with high global morbidity and mortal-
ity, indicating an urgency for developing effective treatment
targets and prognostic biomarkers to improve the prognostic
prediction and treatment outcomes of BRCA patients. This is
conducive to identifying biomarkers with therapeutic benefits,
constructing risk models to predict patients’ disease worsening
risks, and developing new therapeutic drugs. Necroptosis is
triggered in response to the damage and resistance to apoptosis
and acts as a tumor-suppressive process when a “failure” in
apoptosis occurs. To our knowledge, evasion and resistance to
apoptosis are crucial drivers of tumor development and drug
resistance. Due to its dual effect, necroptosis also exerts a
tumor-promoting effect. Currently, the prognostic mechanism
for BRCA is unknown. Therefore, this study was performed
to determine the risk signature of necroptosis-related miRNAs
to predict the prognosis of BRCA patients.
The prognostic value and underlying regulatorymechanisms

of 13 necroptosis-related miRNAs in BRCA were the main
focus of this study. After characterizing the expression pro-
files of these miRNAs in BRCA patients and normal control
samples, half of the miRNAs were identified as differentially
expressed between tumor and non-tumor samples. Screening
for differentially expressed miRNAs identified disease-related
miRNAs. By performing Cox regression analysis, the risk
signature of 6 necroptosis-related miRNAs was determined
to assess its prognostic value in BRCA patients. Among the
six necroptosis-related miRNAs identified in this study, miR-
148a-3p and miR-7-5p were identified as potential risk factors,
while miR-223-3p, miR-141-3p, miR-200a-5p, and miR-425-
5p as protective factors. Further analysis showed that the risk
signature based on the 6 necroptosis-related miRNAs was an
independent predictor of OS and could distinguish low-risk
patients from high-risk ones. Compared with clinical risk
factors, this signature exhibits a superior prognostic value.
Nomogram is a visual tool that can be intuitively used

to develop sensitive predictive models [21, 34]. Presently,
nomogram has been extensively applied in various diseases,
especially in cancer risk assessment, tumor relapse and metas-
tasis prediction, and treatment efficacy evaluation [35–38].
However, few studies have integrated miRNA risk signature
with clinicopathological characteristics, especially based on
the risk signature of necroptosis-related miRNAs. Thus, this
study integrated the risk signature of six necroptosis-related
miRNAs with clinicopathological characteristics to construct
a nomogram to provide personalized prognosis prediction for
BRCA patients. The total nomogram score for each BRCA
patient could be used to predict the 3- and 5-year overall
survival. Compared with conventional evaluation tools (such
as TNM staging), this nomogram was found to be significantly
more accurate in predicting the OS of BRCA.
The protective factor of miR-223-3p was found to share the

closest correlation with the OS of BRCA patients, and its low
expression was correlated with poor prognosis. Functional
analysis identified 30 potential target genes of miR-223-3p.
KEGG analysis of these genes showed that the MAPK signal-
ing pathway and signaling pathways regulating pluripotency
of stem cells were the two most enriched pathways. Current

studies have shown a close association of the MAPK signaling
pathway with tumor proliferation, invasion and metastasis, as
well as involvement in cell apoptosis and autophagy mod-
ulation [39–42]. BRCA stem cells, the main participants
in tumor aggressiveness, contribute to the presence of drug
resistance and invasion [43]. Thus, miR-223-3p, a protec-
tive factor, may impact the occurrence, metastasis, and drug
resistance of BRCA and could potentially mediate the above-
mentioned signaling pathways to limit the cancer initiation and
progression and reverse drug resistance. However, the exact
contribution of miR-223-3p to necroptosis in BRCA warrants
more comprehensive and in-depth studies.
Although this present study comprehensively investigated

the relationships among necroptosis, miRNAs, and the progno-
sis of BRCA patients, there were some limitations that should
be addressed. First, all data were derived from retrospective
datasets. Second, we analyzed data only through bioinformat-
ics, which needs to be validated in large-scale clinical studies
and in vivo and in vitro experiments. Lastly, we did not explore
the prognostic risk signature for different types of molecular
breast cancer.

5. Conclusions

We assessed the prognostic value of the miRNAs related to
necroptosis in BRCA and formulated a risk signature that
was found to be an independent prognostic factor for BRCA
patients. miR-223-3p was identified as a protective factor for
patients’ survival and may have a key tumor-suppressive role
in BRCA and antagonizing drug resistance. Additionally, the
prognostic nomogram developed by combining the risk sig-
nature of necroptosis-related miRNAs and clinicopathological
characteristics could effectively predict the clinical prognosis
of BRCA patients, and could be used as an individualized
predictive tool in clinical practice.
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