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Purpose: To explore the mechanism of AP1S1 in breast cancer.
Methods and Results: In different datasets, we found that AP1S1 is more highly expressed in breast tumors, which was furthermore
verified in our local cohort.Immune infiltration analysis showed that AP1S1 was related to a variety of immune cells. The higher
AP1S1 expression was negatively correlated with a variety of immune infiltrating cells, suggesting that AP1S1 may affect cellular
immunity.Clinical analysis showed that patients with higher AP1S1 expression had higher estrogen receptor gene expression and were
more prone to distant metastasis and lymph node metastasis.The overall survival rate, disease-specific survival rate, and progression-
free interval time were worse in the group with higher AP1S1 expression. AP1S1 may be a potential oncogene of breast cancer, and
overexpression is related to the poor prognosis of breast cancer.Therefore, a nomogram was constructed, along with correlated gene
analysis and functional analysis to further explore the carcinogenic mechanism, practical clinical issues, and value of AP1S1.
Conclusion: AP1S1 is a potential oncogene of breast cancer.
Keywords: breast cancer, AP1S1, immune infiltration, prognosis, oncogene

Introduction
Breast cancer has overtaken lung cancer as the most common worldwide cancer according to 2020 cancer data on new
cases.1 The global incidence of breast cancer is severe, increasing at a rate of ~0.5% per year.2 Breast cancer alone
accounts for 30% of female cancers and is the primary cause of cancer deaths among women aged 20 to 59 years.1

Although current breast cancer treatment has good efficacy with the 5-year survival rate of early breast cancer reaching
more than 95%, the survival rate of advanced breast cancer is not as optimistic. Therefore, early diagnosis and treatment
are crucial for patients with breast cancer.3

In eukaryotic cells, protein transport between organelles is principally mediated by clathrin-coated vesicles whose
assembly needs adaptor protein (AP) complexes.4,5 The AP complex determines the choice of protein cargo transported
between the trans-Golgi network, endosome, lysosome, and plasma membrane.6 The AP-1 complex contains four subunits,
β1, γ, δ1, and μ1.7 To date, there have been some serious genetic diseases caused by mutations in encoding genes of AP
components. AP1S1, a member of the AP family, which encodes the subunit (σ1A) of the connexin complex (AP-1)8,9 affects
clathrin coat assembly and transport between the trans-Golgi network, endosomes, and plasma membrane.10 It has been
documented that the mutation or deletion of AP1S1 is inseparable from the occurrence of some diseases.9,10 Loss of AP1S1
function can cause intestinal epithelial barrier defects, while AP1S1 mutations can cause non-syndromic forms of congenital
diarrhea.10 Some reports have shown that the mutation of AP1S1 might cause MEDNIK syndrome, characterized by an
increase in the number of tryptase-positive mast cells.11,12 This served as a reminder that AP1S1 potentially also impacts
immune cells.8,11,13 The other AP1 subunits have also been linked to specific conditions. For instance, AP1G1 contains a γ
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subunit related to the occurrence of the liver14 and colon cancers.15 The clathrin adaptor AP1 complex subunit μ1 (AP1M1)
can promote the proliferation of hepatocellular carcinoma cells.16 AP1B1-deficient mice develop epithelial immune
dysfunction.17 However, AP1S1 has not been studied in any form of cancer, and its role in breast cancer is unclear.
Therefore, this study was aimed to elucidate the role of AP1S1 in breast malignant tumors.

Materials and Methods
Patients and Breast Tissue Samples Collection
We collected 37 surgical specimens from patients with breast cancer and normal tissues adjacent to the tumors. The
breast cancer specimen was diagnosed as primary breast cancer by at least two pathologists. Baseline clinical data was
obtained from all patients after signing an informed consent form. The study was reviewed and approved by the ethics
committee of the First Affiliated Hospital of Wenzhou Medical University. The data on breast cancer mRNA expression
was downloaded from the TCGA data portal (https://tcga-data.nci.nih.gov/tcga/).

RNA Extraction, Reverse Transcription, and RT-qPCR
Total RNAwas extracted from cells using TRIZOL reagent (Invitrogen,Waltham,MA, USA). The concentration and purity of
RNA were detected at 260/280 nm using spectrophotometry (Thermo, San Jose, CA, USA), before performing reverse
transcription (Toyobo, Osaka, Japan). A real-time PCR system (Applied Biosystems 7500; Thermo) was used for real-time
reaction and analysis. The primers sequence used were as follows: AP1S1-F: TGCGAGCTGGACATCATCTTCAAC;
AP1S1-R: GGCGACTCATCCTCCTCTTGC.

Characteristics Acquisition and Analysis
WeobtainedRNA-seq data and the corresponding clinical information from the TCGAdatabase (https://cancergenome.nih.gov/).
The clinicopathologic data of the verification cohort was obtained from the First Affiliated Hospital of Wenzhou Medical
University. We divided the data obtained by TCGA and the local validation cohort into a high expression and low expression
group according to the median of AP1S1 expression, before analyzing the correlation between AP1S1 expression and clinico-
pathological factors. GraphPad Prism v7.0 was used to analyze and compare the different expressions of each cohort.

Gene Expression Analysis
For breast cancer subtypes in the TCGA database that did not have sufficient normal tissues as controls for statistical
analysis, we supplemented corresponding normal tissues from the GTEx database by the Gene Expression Profiling
Interactive Analysis v2 (GEPIA2, http://gepia.cancer-pku.cn/). The ggplot2 R package was used to visually probe AP1S1
expression in different datasets. Pictures of immunohistochemical slices and related information were downloaded from
the Human Protein Atlas (HPA, https://www.proteinatlas.org/).

Genetic Variation Analysis
We used the cBioPortal website to analyze the copy number, frequency, and mutation type characteristics of AP1S1 in
breast cancer. The cBioPortal data was available from the TCGA database.

Immune Infiltration Analysis
We performed an immune infiltration analysis using the GSVA package v1.34.0 of R v3.6.3. The immune infiltration
levels of different immune cells were calculated with single-sample gene set enrichment analysis (ssGSEA). The
Spearman correlation coefficient was used to investigate the correlation between AP1S1 expression and immune
infiltration. The Stromal score and ESTIMATE score information corresponding to the TCGA samples was downloaded
from the ESTIMATE website (https://bioinformatics.mdanderson.org/estimate/).
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ROC Curve and Survival Analysis
The PROC v1.17.0.1 and ggplot2 v3.3.3 packages of R v3.6.3 were used to draw the receiver operating characteristic
(ROC) curve. Survival maps and survival plots were obtained from GEPIA2. The survival v3.2–10 packages of R v3.6.3
were used to establish a COX regression model to statistically analyze the association between AP1S1 expression and
survival rate.

Nomogram Prediction Model
Based on the multivariate COX regression analysis variables, a nomogram was constructed to predict the survival
probability of patients with breast cancer at 1, 2, and 5 years. The Rms v6.2–0 and survival v3.2–10 packages of R v3.6.3
were executed as tools for drawing this nomogram.

AP1S1-Binding Proteins and AP1S1-Correlated Genes Analysis
The STRING (https://string-db.org/) tool was used to download the first 50 AP1S1-binding proteins supported by
experimental evidence, and the first 100 AP1S1-related genes from the GEPIA2 website. The ggplot2 package v3.3.3
of R v3.6.3 was used to draw a heat map of the top 100 AP1S1-related genes. This package was also used to draw the
scatter plot and Venn diagram of the first 10 AP1S1-related genes.

Functional Enrichment Analysis
The ClusterProfiler package v3.14.3 and org.Hs.eg.db v3.10.0 packages of R v3.6.3 were used to execute enrichment
analysis on the Kyoto Encyclopedia of Genes and Genomes (KEGG) and gene ontology (GO) databases. GSEA data was
obtained from the MSigDB Collections (https://www.gsea-msigdb.org/gsea/msigdb/index.jsp), and GSEA illustrated
using ggplot2 v3.3.3 package of R v3.6.3. The protein–protein interaction (PPI) network analysis was performed with
STRING (https://string-db.org/).

Results
Baseline Characteristics of Patients
We downloaded the bioinformation of 1083 patients with breast cancer in the TCGA database and separated the data into
high and low AP1S1 expression to analyze the difference in their baseline characteristics (Table 1). The baseline
characteristics of the local verification cohort are shown in Table 2.

AP1S1 mRNA is Overexpressed in Breast Cancer
We evaluated AP1S1 expression, exon expression, and methylation level in the TCGA database, and AP1S1 expression
and exon expression were significantly higher in tumor tissues, whereas AP1S1 methylation levels were higher in normal
tissues (Figure 1A). The AP1S1 expression in breast tumors was higher than normal tissues in the TCGA and TCGA
+GTEx databases by unpaired test (Figure 1B and C). In addition, the result of the expression analysis on paired breast
samples in TCGA showed a similar result (Figure 1D). After the analysis of different breast cancer subtypes, we also
found that AP1S1 has different expressions in different breast cancer subtypes. As shown in Figure 1E, AP1S1 is highly
expressed in basal-like, HER2+, luminal A, and luminal B breast cancer. In our local validation cohort, we further
verified that the RNA levels of AP1S1 were over-expressed in breast tumors (Figure 1F–I).

Genetic Alteration of AP1S1 in Breast Cancer
We analyzed the molecular characteristics of AP1S1 and found a mutation rate of AP1S1 in breast cancer samples of
0.6% with the most common mutation amplified mutation (Figure 2A). Analysis of the correlation between AP1S1
mRNA expression, gene change, and copy number showed that amplification is positively correlated with mRNA
expression (Figure 2B and C). This further confirmed that AP1S1 was overexpressed in breast cancer and might be an
oncogene of breast tumors.
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Table 1 Baseline Characteristics of the AP1S1 High Expression Set and the Low
Expression Set in the TCGA Cohort

Characteristic High Expression (%) Low Expression (%)

T stage (AJCC7)

T1 156 (28.9%) 121 (22.4%)

T2 304 (56.3%) 325 (60.2%)
T3 65 (12%) 74 (13.7%)

T4 15 (2.8%) 20 (3.7%)

N stage (AJCC7)
N0 264 (49.5%) 250 (47.1%)

N1 174 (32.6%) 184 (34.7%)
N2 63 (11.8%) 53 (10%)

N3 32 (6%) 44 (8.3%)

M stage (AJCC7)
M0 479 (99.4%) 423 (96.1%)

M1 3 (0.6%) 17 (3.9%)

Pathologic stage (AJCC7)
Stage I 102 (19.2%) 79 (14.9%)

Stage II 302 (57%) 317 (59.8%)

Stage III 123 (23.2%) 119 (22.5%)
Stage IV 3 (0.6%) 15 (2.8%)

Race

Asian 28 (5.7%) 32 (6.4%)
White 398 (80.9%) 355 (70.7%)

Others 66 (13.4%) 115 (22.9%)

Age (years)
≤60 293 (54.2%) 308 (56.8%)

>60 248 (45.8%) 234 (43.2%)

Histological type
Infiltrating Ductal 381 (77.4%) 391 (80.6%)

Infiltrating Lobular 111 (22.6%) 94 (19.4%)

PR status
Negative 154 (29.6%) 188 (36.6%)

Indeterminate 2 (0.4%) 2 (0.4%)

Positive 365 (70.1%) 323 (63%)
ER status

Negative 103 (19.8%) 137 (26.7%)

Indeterminate 2 (0.4%) 0 (0%)
Positive 416 (79.8%) 377 (73.3%)

HER2 status

Negative 291 (77.6%) 267 (75.9%)
Indeterminate 4 (1.1%) 8 (2.3%)

Positive 80 (21.3%) 77 (21.9%)

Menopause status
Pre 115 (23.5%) 114 (23.7%)

Peri 22 (4.5%) 18 (3.7%)

Post 353 (72%) 350 (72.6%)
Total 541 542

Abbreviations: AP1S1, adaptor related protein complex 1 subunit sigma 1; AJCC7, American Joint
Committee on Cancer 7th edition.
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AP1S1 Protein is Overexpressed in Breast Cancer
By analyzing the protein levels of AP1S1 in breast cancer, we found that AP1S1 protein was upregulated in breast cancer
(Figure 2D). Analyzing the immunohistochemical sections from the Human Protein Atlas database, we found a similar
manifestation (Figure 2E) of AP1S1 protein upregulation in breast cancer. The specific information of these sections is
shown in Table 3. These results indicate that AP1S1 was overexpressed in breast cancer, suggesting a relationship
between AP1S1 and the occurrence of breast cancer.

AP1S1 is Related to Immune Infiltration
We explored the correlation between AP1S1 expression in breast cancer and immune infiltration (Figure 3). These cells
include B cells, CD8+ T, cytotoxic, dendritic cells (DCs), aDC, iDCs, pDCs, eosinophils, macrophages, mast cells,
neutrophils, natural killer (NK) CD56dim, NK cells, T cells, T helper (Th), T central memory, T effector memory,
T follicular helper, Th 1 cells, etc. Infiltrating cells were negatively correlated with high AP1S1 expression which infers
that its expression might affect tumor immunity. Moreover, AP1S1 expression was negatively correlated with the
ESTIMATE, immune score, and interstitial score. In contrast, the ESTIMATE, immune score, and interstitial score
were positively correlated with better outcomes. This further indicates that high AP1S1 expression might have a specific
relationship with the poor prognosis of breast cancer.

Table 2 Baseline Characteristics of the AP1S1 High Expression Set and the Low
Expression Set in the Validated Cohort

Clinicopathologic Factors High Expression Low Expression

Age (years)

≤60 13 12

>60 5 7
PR status

Negative 16 18

Positive 2 1
ER status

Negative 14 17
Positive 4 2

HER2 status

Negative 11 9
Positive 7 10

Menopause status

Pre 8 12
Post 10 7

T stage (AJCC7)

T1 11 9
T2 6 8

T3 1 2

N stage (AJCC7)
N0 13 14

N1 5 5

M stage (AJCC7)
M0 18 19

Pathologic stage (AJCC7)

Stage I 8 5
Stage II 8 11

Stage III 2 3

Total 18 19
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Figure 1 The expression level of AP1S1 in breast cancer. (A) The heat maps of AP1S1 mRNA expression, exon expression and methylation in primary breast cancer and
corresponding normal tissues from UCSC Xena. (B) The AP1S1 expression level of no paired breast cancer patients in TCGA dataset. (C) AP1S1 expression of no paired
breast cancer patients in TCGA+GTEx dataset. (D) AP1S1 expression level of paired breast cancer patients in TCGA dataset. (E) AP1S1 expression of different breast
cancer subtypes in TCGA dataset. (F) AP1S1 expression in different breast cell lines. (I) AP1S1 expression in breast cancer in validated cohort. ns: no significance, * P<0.05,
**p<0.01, ***p<0.001.
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Connection Between AP1S1 Expression and Clinical Factors
To explore the role of high AP1S1 expression in breast cancer, we analyzed the relevance between clinical factors
and AP1S1 expression in the TCGA cohort by single factor logistic regression. According to the median, we divided

Figure 2 The genetic alteration and protein expression of AP1S1. (A) The genetic alteration frequency of AP1S1 in breast cancer using the cBioPortal tool. (B) The
correlations between the mRNA expression level and genetic alterations of AP1S1 from cBioPortal. (C) The correlations between the mRNA expression level and copy
number of AP1S1 from cBioPortal. (D) The protein expression of AP1S1 in breast cancer from CPTAC database. (E) IHC slices of AP1S1 in breast from HPA.

Table 3 The Basic Information of IHC Slices

Tissue Type ID Age Gender

Normal-1 3856 27 Female

Normal-2 3544 45 Female
Tumor −1 2428 75 Female

Tumor −2 4193 43 Female
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Figure 3 Correlations between the expression level of AP1S1 and immune infiltration. (A) The bar graph about the immune infiltration level of different immune infiltration
cells in AP1S1 high set and low set. (B) The lollipop figure about the correlations between the expression level of AP1S1 and immune infiltration of different immune
infiltration cells. (C) The scatter diagrams about the correlations between the expression level of AP1S1 and immune infiltration level of different immune infiltration cells.
(D–F) The scatter diagrams about the correlations between the expression level of AP1S1 and stromal score (D), immune score (E) and ESTIMATE score (F).
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patients with breast cancer into two groups (high and low expression groups). Univariate logistic regression showed
that AP1S1 expression in patients with estrogen receptor (ER)-negative breast cancer was higher than that of ER-
positive, T stage II-IV, distant metastasis, and patients with higher pathological stage. Collectively, it suggests that
increased AP1S1 expression is connected with the poor prognosis of breast cancer and might be a potential
oncogene related to the occurrence and development of breast cancer (Table 4, Figure 4).

Diagnostic Value of AP1S1 Expression in Breast Cancer
In this study, to evaluate the diagnostic value of AP1S1 expression in breast cancer, ROC curve analysis was conducted.
The area under the curve (AUC) of AP1S1 expression was 0.917 (Figure 5A), which indicated a high diagnostic value in
distinguishing between tumor and normal tissue. AP1S1 expression was also an effective marker to differentiate the
distant metastasis stage of breast cancer (Figure 5B). This result suggests that AP1S1 expression has a good discriminat-
ing value in breast cancer.

The Relationship Between AP1S1 Expression and Survival
To analyze the relationship between AP1S1 expression and survival, a Kaplan-Meier analysis was used. Univariate
Cox regression analysis of disease-specific survival suggested that high AP1S1 expression (P=0.002, [HR]=2.014,
95% CI=1.285–3.156), T stage ≥ 2 (P=0.038, [HR]=1.781, 95% CI=1.033–3.071), lymph node metastasis (P<0.001,
[HR]=3.797, 95% CI=2.222–6.489), occurrence of distant metastasis (P<0.001, [HR]=7.454, 95% CI=3.988–
13.931), and pathological stage ≥ stage 2 (P=0.004, [HR]=3.396, 95% CI=1.478–7.803) were all associated with
poor disease-specific survival (Table 5). Multivariate Cox regression analysis of disease-specific survival suggests
that lymph node metastasis (P=0.003, [HR]=2.644, 95% CI=1.385–5.050), distant metastasis (P<0.001, [HR]=4.357,
95% CI=2.046–9.279), and high AP1S1 expression (P=0.016, [HR]=1.873, 95% CI=1.122–3.127) were independent
risk factors for disease-specific survival of patients with breast cancer (Table 6). Then, we plotted the survival curve
of AP1S1 expression (Figure 5C–F). The survival curve revealed shorter disease-free survival of patients with higher
AP1S1 expression. Whether in the total patients with breast cancer or luminal A and HER2+ subtypes, patients with
high AP1S1 expression had poor overall survival. In Figure 1A, we showed that the AP1S1 methylation level was
lower in breast tumors. In addition, the survival analysis of AP1S1 methylation showed that higher methylation was
connected with higher survival probability. Therefore, the survival analysis of AP1S1 methylation (Figure 5I–K) also
verified that higher AP1S1 expression was connected with poor survival. Next, we made a nomogram to predict the
survival rate of patients with breast cancer at 1-, 2-, and 5 years (Figure 6A). The 1-, 2-, and 5-year survival rates
AUCs were 0.843, 0.769, and 0.753, respectively, confirming that the nomogram has good predictive value and
certain diagnostic significance (Figure 6B). Our nomogram might provide a reference for future clinical prediction

Table 4 The Correlation Between AP1S1 Expression and Clinicopathologic Factors in the TCGA Cohort

Characteristics Total (N) OR (95% CI) P value

Race (Others vs Asian) 976 0.890 (0.525–1.503) 0.664
Age (>60 vs ≤60) 1065 0.889 (0.698–1.132) 0.341

Histological type (Lobular vs Ductal) 959 0.829 (0.606–1.131) 0.237

ER status (Positive vs Negative) 1015 0.670 (0.499–0.898) 0.007
HER2 status (Positive vs Negative) 705 1.058 (0.742–1.510) 0.754

Menopause status (Post vs Pre & Peri) 956 1.052 (0.792–1.398) 0.728

T stage (T2–4 vs T1) 1062 1.412 (1.072–1.863) 0.014
N stage (N1–3 vs N0) 1046 1.047 (0.822–1.335) 0.709

M stage (M1 vs M0) 909 6.443 (2.146–27.737) 0.003
Pathologic stage (II–IV vs I) 1042 1.345 (0.975–1.862) 0.072

Note: The stages were graded according to AJCC7.
Abbreviations: AP1S1, adaptor related protein complex 1 subunit sigma 1; AJCC7, American Joint Committee on Cancer 7th edition.
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of disease-free survival duration for patients with breast cancer, and help guide personalized treatment of patients
with breast cancer.

AP1S1 Functional Enrichment Analysis
To explore the carcinogenic mechanism of AP1S1, we downloaded the top 50 AP1S1 binding proteins from STRING as well
as the top 100 genes related to AP1S1 in GEPIA2 for pathway enrichment analysis. Figure 7A shows the interaction network
diagram of the top 10 genes most closely related to AP1S1 binding protein. It can be seen from Figures 7B and D that the five
genesGNB2, PDAP1, POP7, LRWD1, andCOPS6 had the strongest (and significantly positive) correlation withAP1S1. Next,
we cross-analyzed the top 50 proteins and the top 100 genes and found two commonmembers AP4M1 and ARF5 (Figure 7C).
We also performed KEGG and GO analysis of these genes and proteins. Figure 8A–C shows GO enrichment analysis of three
types of gene functions: biological processes, cellular components, and molecular functions, Figure 8D shows the KEGG
analysis results, and Figure 8E the GO and KEGG enrichment interaction network. The results showed that the genes analyzed
(ie, AP1S1) were mainly related to immune response, membrane, and clearly binding. To explore the signaling pathways
activated by AP1S1 in breast cancer, we performed a GSEA analysis. The first four paths are shown in Figure 9. Pathway

Figure 4 The correlation between AP1S1 expression and clinical factors in TCGA. The correlation between SEC61 expression and Pathologic stage (A), T stage (B), ER
status (C) and M stage (D). *P<0.05, **p<0.01, ***p<0.001.
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enrichment results suggested that AP1S1 might affect ribosome function, respiratory chain electron transport, and eukaryotic
cell translation. We hypothesized that AP1S1 might play a tumor-promoting role by influencing specific pathways that
transmit information through vesicles. However, these pathways are still unknown and need to be explored in the future.

Discussion
Breast malignant tumor is the highest incidence of cancer globally and the primary cause of cancer-related death.18 The
incidence of malignant tumor, which is a systemic disease, is gradually increasing annually.1 With progress in the

Figure 5 Diagnostic value of the expression and the survival analysis of AP1S1 in breast cancer. (A) ROC curve for differentiating normal people and breast cancer patients.
(B) ROC curve for differentiating M0 and M1 stage patients. (C) Disease free survival plot of breast cancer patients that grouped by AP1S1 expression level. (D) Overall
survival plot of breast cancer patients that grouped by AP1S1 expression level. (E and F) Overall survival plots of luminal A (E) and HER2+ (F) subtypes breast cancer
subgroup patients. (I–K) Progression free interval, disease free interval and disease free survival plots of breast cancer patients that grouped by AP1S1 methylation level from
UCSC Xena.
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treatment of breast cancer, including targeted therapy, endocrine therapy, and other comprehensive treatment methods,
the mortality rate of breast cancer has decreased. However, the exact molecular mechanism of breast cancer still requires
better understanding.

By analyzing AP1S1 expression, exon expression, and methylation levels in the TCGA database, we found that
AP1S1 expression and exon expression were higher in tumors. Furthermore, AP1S1 was highly expressed in different
breast cancer subtypes. Therefore, we suspected an association between that AP1S1 expression and breast cancer. Our
hypothesis was confirmed by testing 37 local pairs of paired breast and para-cancer tissues. These results suggested that
AP1S1 expression might be a potential breast cancer oncogene. Next, we statistically analyzed the clinicopathological
features in a TCGA cohort, and the results suggested that AP1S1 expression might be highly correlated with the
occurrence and development of breast cancer. Moreover, the molecular analysis suggested that amplification was the
most common mutation of AP1S1 in breast cancer. It had been reported that the AP1 complex was involved in vesicle
formation, transport, and protein sorting.19–21 We hypothesized that the amplification of AP1S1 in tumor cells resulted in
high AP1S1 expression. This led to increased vesicle formation and transportation, which promoted certain signaling and
ultimately led to breast cancer. The specific mechanism of this still needed to be further explored.

It is known that innate immunity and adaptive immune response are closely related to tumor surveillance.22 Initially,
innate immune cells (such as NK cells, DCs, and macrophages) kill tumor cells and present tumor antigens to activate
adaptive immune responses (such as CD8+ T cells and CD4+ T cells).23 The immune cells respond to the tumor, and the
tumor develops an anti-immune response.24 In immune infiltration analysis, it was found that the high AP1S1 expression
was negatively correlated with a variety of immune infiltrating cells. We hypothesized that the high AP1S1 expression
could reduce the immunogenicity of tumors and thus evade immune surveillance, which has a certain reference value for
the immunotherapy of breast cancer. In addition, AP1S1 expression was negatively correlated with the ESTIMATE,
immune score, and interstitial score, which quantified the low level of immunological and stromal components in tumors
—with higher AP1S1 expression associated with lower levels of immune invasion. Although we could infer that AP1S1
overexpression was associated with immunosuppression, the function of immune cells in different diseases is complex.
Th1 and Th2 cells secrete different cytokines with opposite effects on tumors. Th1 cells inhibit tumor growth, while Th2

Table 5 Univariate COX Regression Analysis for Disease Specific Survival in the TCGA Cohort

Characteristics Total (N) HR (95% CI) P value

Age (>60 vs ≤60) 1062 1.445 (0.941–2.219) 0.093
Pathologic stage (II–IV vs I) 961 1.560 (0.871–2.794) 0.135

T stage (T2–4 vs T1) 1059 1.781 (1.033–3.071) 0.038

N stage (N1–3 vs N0) 1044 3.797 (2.222–6.489) <0.001
M stage (M1 vs M0) 903 7.454 (3.988–13.931) <0.001

Pathologic stage (II–IV vs I) 1041 3.396 (1.478–7.803) 0.004

AP1S1 expression (High vs Low) 1062 2.014 (1.285–3.156) 0.002

Note: The stages were graded according to AJCC7.
Abbreviations: AP1S1, adaptor related protein complex 1 subunit sigma 1; AJCC7, American Joint Committee on Cancer 7th edition.

Table 6 Multivariate COX Regression Analysis for Disease Specific Survival in the TCGA Cohort

Characteristics Total (N) HR (95% CI) P value

Age (>60 vs ≤60) 1062 1.216 (0.731–2.022) 0.451
T stage (T2–4 vs T1) 1059 1.103 (0.488–2.494) 0.813

N stage (N1–3 vs N0) 1044 2.644 (1.385–5.050) 0.003

M stage (M1 vs M0) 903 4.357 (2.046–9.279) <0.001
Pathologic stage (II–IV vs I) 1041 1.302 (0.374–4.531) 0.678

AP1S1 expression (High vs Low) 1062 1.873 (1.122–3.127) 0.016

Note: The stages were graded according to AJCC7.
Abbreviations: AP1S1, adaptor related protein complex 1 subunit sigma 1; AJCC7, American Joint Committee on Cancer 7th edition.
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cells promote tumor growth.25 CD4+ T cells differentiate into Th1 or Th2 subsets under the combined action of the
environment and genes,26,27 while in some diseases, Th1 cells might even turn into Th2 cells.28 The exact mechanism of
this is yet to be explored. In our study, the high AP1S1 expression was negatively correlated with Th1, which was
statistically significant. However, the positive correlation with Th2 was not statistically significant. This suggested that
the high AP1S1 expression could promote tumor growth, but can not be said for certain from our results.
Immunosuppressive checkpoints and factors did not further confirm our conjecture; therefore, our results need to be
verified at the protein level in future studies.

From the immune infiltration analysis, it was discovered that AP1S1 was related to various immune infiltrating
cells that might affect tumor immunity. From the logistic regression analysis of AP1S1 with clinicopathological
characteristics, it was shown that patients with high AP1S1 expression had higher ER expression rates and were more
likely to have distant metastasis and lymph node metastasis. The overall survival rate, disease-specific survival rate,
and progression-free interval of the AP1S1 high expression group were poor. Based on COX regression analysis, we
constructed a nomogram for predicting the survival probability of patients with breast cancer at 1, 2, and 5 years with
AUCs of 0.843, 0.769, and 0.753, respectively, suggesting that our nomogram had a good predictive value.

Figure 6 A nomogram about disease specific survival. (A) A nomogram for predicting the 1 year, 2 years, and 5 years disease specific survival probability of breast cancer
patients. (B) ROC curves of the nomogram.
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Figure 7 AP1S1-related gene and AP1S1-binding proteins enrichment analysis. (A) Protein–protein interaction network of AP1S1. (B) Heat map about the top 5 AP1S1-
related gene enrichment. (C) A Venn diagram about intersection analysis of the top 50 proteins and the top 100 genes. (D) The scatter diagrams about the top 5 AP1S1-
related gene enrichment. ***p<0.001.
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We attempted to study the carcinogenic mechanism of AP1S1. We performed KEGG and GO analysis on the top 50
AP1S1-related binding proteins and the top 100 AP1S1-related genes. The results suggested that AP1S1 and related genes
were related to immune response, lysosomal vesicle transport, and protein presentation, which was consistent with
previous studies.19–21 The enrichment results of the AP1S1 pathway suggested that AP1S1 was related to cytoplasmic

Figure 8 GO and KEGG Enrichment analyses of AP1S1. (A–C) GO enrichment analyses of AP1S1. (D) KEGG enrichment analyses of AP1S1. (E) GO and KEGG
enrichment interactive network.
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ribosomal protein, respiratory chain electron transport, and eukaryotic cell translation. We hypothesize that AP1S1 is
involved in protein sorting and vesicle transport, which ultimately leads to the formation of tumors by influencing
specific pathways and information transmission through vesicles.

Our study is not without limitations. First, it lacks basic experiments to promote the mechanism of tumor
occurrence and development. However, we used biogenic analysis to find some AP1S1-related pathways, and our
analysis could provide a direction for future basic experiments. Therefore, our study promotes further exploration of
the AP1S1 gene in the future to fully understand its function and mechanism for better clinical diagnosis and prognosis
of breast cancer.

In conclusion, our study found that AP1S1 is a potential oncogene of breast cancer. This study provides
insight for AP1S1 as a new potential biomarker for breast cancer treatment, diagnosis, and prognosis.

Figure 9 GSEA enrichment analysis of AP1S1. (A) Reactome eukaryotic translation elongation. (B) Cytoplasmic ribosomal proteins. (C) Reactome respiratory electron
transport. (D) Ribosome. These pathways suggested that AP1S1 might affect ribosome function, respiratory chain electron transport, and eukaryotic cell translation.
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Abbreviations
AP, adaptor protein; AP1M1, AP1 complex subunit μ1; AUC, area under the curve; DCs, dendritic cells; ER, estrogen
receptor; GO, gene ontology; HPA, Human Protein Atlas; KEGG, Kyoto Encyclopedia of Genes and Genomes; NK,
natural killer; PPI, protein–protein interaction; ROC, receiver operating characteristic; ssGSEA, single-sample gene set
enrichment analysis; Th, T helper.
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