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Background: The efferocytosis-related genes (EGs) have been associated with the progression of cancers. However, their pre-
cise role in basal cell carcinoma (BCC) remains unclear. Therefore, this study aimed to identify biomarkers associated with
efferocytosis in BCC.
Methods: BCC-related datasets GSE125285 andGSE42109 were extracted. Target genes were identified by intersecting differen-
tially expressed genes (DEGs) identified by “limma”. Moreover, the module genes were screened by “weighted gene co-expression
network analysis (WGCNA)” and EGs were obtained from the previous literature. Subsequently, the enrichment analysis was
conducted employing “ClusterProfiler”. Additionally, diagnostic biomarkers for BCC were screened and BCC risk was pre-
dicted through a nomogram. Furthermore, an analysis of gene set enrichment analysis (GSEA) was performed to examine
possible mechanisms of BCC.
Results: A total of 18 target genes were identified by intersecting 7314 DEGs, 6052 module genes, and 71 EGs. These genes were
found to be associated with transmembrane transport and phagocytosis. Moreover, five biomarkers (ADAM10,MBTPS1, P2RY2,
SLC2A1, and UCP2) were identified and the diagnostic model was constructed using these biomarkers. Importantly, MBTPS1
and P2RY2 were found to be associated with adaptive immune response.
Conclusions: This study identified five efferocytosis-related biomarkers that might be used to diagnose BCC. By understanding
the regulatory mechanism of EGs in BCC, this study might contribute to further research.
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Introduction

Basal cell carcinoma (BCC) is the most common type
of cancer, with a rapidly rising global incidence [1]. There
are varying levels of prognosis for BCC, ranging from su-
perficial, nodular lesions that have a good outcome to very
extensive, hard-to-treat lesions. Many BCC lesions can
be effectively treated through surgical interventions, while
those with advanced stages, such as locally advanced and
extensive cases, pose significant challenges during treat-
ment [2]. Therefore, there is a need for the development
of more effective strategies for early diagnosis and inter-
vention in BCC.

Efferocytosis, which involves the clearance of apop-
totic cells by phagocytes, plays a crucial role in suppressing
the immune response within tumors [3]. The mechanisms
of efferocytosis include the recognition of dying cells, their
phagocytic engulfment, and homeostatic resolution. Con-
cretely, efferocytosis elicits an anti-inflammatory response
from phagocytes, facilitating tissue repair and maintaining
homeostasis. However, abrogation of this process may re-
sult in pathophysiological consequences in tumor progres-

sion [4–6]. Consequently, we considered that apoptotic and
necrotic cells promote tumor progression through efferocy-
tosis. Moreover, a study on osteosarcoma suggested that
efferocytosis could be a potential target due to its effects in
promoting the expression of PD-L1 and inducing polariza-
tion of M2 macrophages [7]. Importantly, the p38/STAT3
pathway has been shown to regulate macrophage pheno-
types through efferocytosis mediated by MerTK receptors
[3]. Epithelial cancer cells overexpress MerTK recep-
tor tyrosine kinase, resulting in efferocytosis with gain-of-
function [8]. Thus, MerTK might be associated with both
efferocytosis and cancer progression. Furthermore, the sig-
naling pathways involved in efferocytosis not only play an
important role in the growth, invasion, and metastasis of
tumor cells but also regulate adaptive responses and resis-
tance to antitumor therapies [9]. These studies strongly
demonstrate a significant association between efferocytosis
and BCC. However, it is not clear whether efferocytosis-
related genes (EGs) contribute as causal factors in BCC
pathogenesis.

In this study, we identified five efferocytosis-related
biomarkers and constructed a novel diagnostic model for
BCC. The findings from this study may provide insights
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into the identification of potential targets for the diagnosis
of BCC, as well as the regulatory mechanisms of EGs in
BCC.

Materials and Methods
Data Extraction

The BCC-related datasets were downloaded from the
Gene Expression Omnibus (GEO, https://www.ncbi.nlm.n
ih.gov/geo/) database. Among them, the GSE125285, in-
cluding 25 BCC and 25 healthy control (HC) tissue sam-
ples, was used as the training dataset to identify the dif-
ferentially expressed genes (DEGs) and module genes of
BCC. However, the GSE42109, comprising 11 BCC and 10
HC tissue samples, was employed as the validation dataset
to verify the expression and diagnostic value of predicted
biomarkers. Furthermore, a total of 71 EGs were obtained
from the previous literature [10,11].

Functional Analysis of Target Genes
Initially, the DEGs between BCC and HC samples

identified in the GSE125285 dataset were compared using
the “limma” R package (version 3.42.2, Walter and Eliza
Hall Institute of Medical Research, Melbourne, Australia)
(|log2FC| >0.5, adj.p.value < 0.05) [12]. After this, the
module genes of BCC were screened through the weighted
gene co-expression network analysis (WGCNA) employ-
ing the “WGCNA” R package (version 1.70.3, University
of California, Los Angeles, CA, USA) [13]. Subsequently,
the target genes were obtained by intersecting the DEGs,
module genes, and EGs using “jvenn”. Furthermore, the
functional enrichment analysis of these target genes was
conducted utilizing the “ClusterProfiler” R package (ver-
sion 3.14.3, Bioconductor, Guangzhou, China) (p < 0.05)
[14].

Construction of the Diagnostic Model of BCC
The protein-protein interaction (PPI) network was

constructed to investigate the relationship between the tar-
get genes by the “STRING” (https://string-db.org) (Con-
fidence = 0.4). Subsequently, the network nodes were
analyzed employing five algorithms, such as maximum
clique centrality (MCC), Closeness, maximum neighbor-
hood component (MNC), Degree, and edge percolated com-
ponent (EPC). The biomarkers were identified by intersect-
ing the top 10 genes of each algorithm. Furthermore, the
expression levels of these biomarkers were examined in
both the GSE125285 and GSE42109 datasets. Moreover,
the receiver operating characteristic (ROC) curves of each
biomarker in both the GSE125285 and GSE42109 datasets
were used to assess the diagnostic values of the biomarkers.
Based on this information, the nomogram was constructed
to diagnose the risk of BCC utilizing the “RMS” R package
(https://github.com/harrelfe/rms). Additionally, the valid-
ity of the diagnostic model was assessed using the calibra-
tion curve analysis.

The Gene Set Enrichment Analysis (GSEA) of
Biomarkers

The correlation coefficients between each biomarker
and the target genes within the GSE125285 dataset were
evaluated, and GSEA was performed to explore the un-
derlying pathways of these biomarkers employing “clus-
terprofiler” R package (version 3.14.3, Bioconductor,
Guangzhou, China) (adj.p.value < 0.05) [12].

Results

A Total of 18 Target Genes were Associated with
Transmembrane Transport and Phagocytosis

There were 7314 DEGs (4958 up-regulated and 2356
down-regulated) between 25 BCC and 25 HC samples
(Fig. 1A,B). The clustering analysis showed that there was
no outlier sample (Fig. 2A). As shown in Fig. 2B, the opti-
mal soft threshold value was identified as 15 and the Mean
Connectivity was found close to 0. These findings indi-
cated that the network approximated the scale-free distri-
bution. Thus, a total of 14 modules were obtained based
on the hybrid dynamic tree-cutting algorithm with MEDis-
sThres = 0.3 (Fig. 2C). Subsequently, we analyzed the
correlations between modules and traits. As depicted in
Fig. 2D, the lightgreen module (|R| = 0.93, p = 1e-22) ex-
hibited the highest significant correlation with BCC. There-
fore, the lightgreen module was identified as the key mod-
ule and 6052 module genes underwent further analysis. Fi-
nally, 18 target genes, including ADGRB1,UCP2, SLC6A6,
SLC16A2, DNASE1, WNK1, MBTPS1, DOCK3, CD47,
ELMO2, DOCK4, ABCA1, ADAM10, P2RX7, DNASE2,
TNFRSF1A, SLC2A1, and P2RY2 were identified by in-
tersecting 7314 DEGs, 6052 module genes, and 71 EGs
(Fig. 2E).

The identified 18 target genes were enriched to 594
Gene Ontology (GO) functions, including vascular pro-
cess in the circulatory system, phagocytosis, organic anion
transport, and many others. Importantly, all these functions
were found to be related to transmembrane transport. Fur-
thermore, the target genes were enriched to 6 Kyoto Ency-
clopedia of Genes andGenomes (KEGG) pathways, includ-
ing adipocytokine, thyroid hormone signaling pathways, in-
sulin resistance, T-cell leukemia virus 1 infection, lipid and
atherosclerosis, and apoptosis. Among them, the adipocy-
tokine signaling pathway exhibited significantly higher en-
richment (p < 0.01, Fig. 3A,B).

Construction of the Diagnostic Model of BCC
The PPI network was constructed using 15 nodes and

12 protein interaction relationship pairs (Fig. 4A). Subse-
quently, the networks of the top 10 genes were constructed
using five algorithms, such as Closeness, Degree, EPC,
MCC, and MNC (Fig. 4B). Moreover, five biomarkers, in-
cluding ADAM10, MBTPS1, P2RY2, SLC2A1, and UCP2
were identified for further analyses (Fig. 4C). The expres-
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Fig. 1. Identification of differentially expressed genes (DEGs) between basal cell carcinoma (BCC) and healthy control (HC) tissue
samples. (A) The volcano plot illustrates the distribution of DEGs based on statistical significance (x-axis) and fold change (y-axis). (B)
The heatmap visualizes the expression levels of DEGs in BCC samples compared to the healthy control samples.

sion patterns of these biomarkers were consistent in both
GSE125285 and GSE42109 datasets. Particularly, the ex-
pression levels of MBTPS1 and UCP2 were significantly
higher, and P2RY2 and SLC2A1 were significantly lower
in BCC samples (Fig. 5A,B). Furthermore, the area un-
der the ROC curve (area under the curve (AUC) value) for
each biomarker was higher than 0.8 in both GSE125285
and GSE42109 datasets, expect for ADAM10 in GSE42109
(Fig. 5C,D). In the training set, ADAM10 presented excel-
lent performance in terms of diagnostic efficacy. In the val-
idation set, the effect of ADAM10 was resulting in a low
AUC value. This could be due to factors such as differences
between samples or batch effects. These findings supported
the utilization of these five biomarkers for constructing the
diagnostic model. Based on these findings, a nomogram
was developed incorporating these five biomarkers. The
calibration curve of the nomogram showed a close match
between the disease risk prediction and the actual outcomes,
indicating its potential as an effective diagnostic model
(Fig. 5E,F).

Function Enrichment Analysis of Biomarkers

The GSEA analysis results showed that the ADAM10
was associated with the function of mitosis, MBTPS1 and
P2RY2 were associated with immune response, SLC2A1
was associated with ribonucleoprotein complex biogene-
sis, and UCP2 was associated with positive regulation of
cell migration. Interestingly, the functions of adaptive
immune response and response to bacterium were nega-

tive with MBTPS1 and positive with P2RY2. Additionally,
ADAM10 and SLC2A1 showed an association with the nu-
cleocytoplasmic transport pathway. Furthermore,MBTPS1
showed a negative association, while P2RY2 exhibited a
positive association with the pathways involving cytokine-
cytokine receptor interaction, hematopoietic cell lineage,
and viral protein interaction with cytokine and cytokine re-
ceptors. Additionally, SLC2A1 indicated a negative associ-
ation, while UCP2 showed a positive association with the
EMC receptor interaction pathway (Fig. 6A–E).

Discussion

Efferocytosis has been linked to cancer progression
[15]. The effects of efferocytosis include recognition of
dying cells, their phagocytosis, and homeostatic resolu-
tion. However, the specific impact of Efferocytosis-Related
Genes (ERGs) in basal cell carcinoma (BCC) remains un-
clear. To the best of our knowledge, this is an inaugural
investigation to delve into the potential role of ERGs in the
context of BCC, aiming to shed light on unexplored aspects
of cancer research.

In this study, we identified 18 genes associated with
transmembrane transport and phagocytosis. Up to now,
previous research has demonstrated that elevated SLC6A6
expression drives tumorigenesis [16]. Cancer immunother-
apy relies on adaptive immune checkpoints such as PD-
1. UV-damaged BCC usually manifests as tumors with a
high tumor mutational burden (TMB), which can be signifi-
cantly reduced by anti-PD-1 antibody therapy. The efficacy
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Fig. 2. Identification of module genes of BCC by weighted gene co-expression network analysis (WGCNA). (A) The clustering
dendrogram and trait heatmap display the sample clustering based on gene expression profiles. (B) Analysis of the scale-free index helps
determine the appropriate soft-threshold power for WGCNA. (C) The clustering of module eigengenes and cluster dendrogram, along
with assigned module colors, show the co-expression patterns of genes. (D) Heatmap depicts the correlation between module eigengenes
and normal/tumor status. (E) The Venn diagram illustrates the overlap of 18 target genes obtained fromDEGs, module genes inWGCNA,
and efferocytosis-related genes (EGs).
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Fig. 3. Functional enrichment analysis. (A) Gene Ontology (GO) functions and (B) Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways enrichment in target genes.

of PD-1 blockade antibodies in treating tumors depends
on CD8 T cell function. A positive correlation has been
observed between SLC6A6 expression and the effector T
cell signature in CD8 T cells. Moreover, the knockdown
of SLC6A6 in CD8 T cells has been shown to alter cal-
cium signaling pathways, oxidative phosphorylation, and
T cell receptor signaling [17]. Significantly, when treat-
ing BCC, the taurine transporter SLC6A6 selectively ab-
sorbs 5-ALA in the cells of the skin tumor [18]. SLC6A6
is involved in the absorption of aminolevulinic acid (ALA)
and promotes the accumulation of protoporphyrin in cancer
cells induced by ALA. Cells expressing SLC6A6 experi-
enced more photodamage following ALA treatment [19].
Additionally, changes in the expression and function of the
SLC6 family of soluble carrier proteins might be associated
with cancer [20]. Recent research has reported the signif-
icant role of with-no-lysine kinase 1 (WNK1) in the pro-
liferation and metastasis of tumor cells. BCC is a locally
invasive malignant epidermal skin neoplasm, and WNK1
is one of the crucial genes uniquely associated with inva-
sive cancers. Tumor-induced angiogenesis and prolifera-
tion of tumor cells are facilitated by interconnected sig-
naling pathways [21], which regulate ion cotransporters
and control cell responses to osmotic stress [22]. Through
the WNK-OSR1/SPAK-NKCC cascade, with-no-lysine ki-
nases (WNKs) contribute to ion homeostasis. The primary
mechanism through which CD147 influences the proper-
ties of cancer subpopulations of tumor cells that display

chemoresistance probably stems from its close relation to
the processes driving malignancy, invasiveness, and potent
tumorigenicity. It is currently thought that within the tumor
microenvironment, CD147 promotes tumor proliferation
while inhibiting cancer cell apoptosis. Moreover, CD147
influences tumor cell movement and metastasis through di-
rect interactions with Annexin A2, the DOCK3-β-catenin-
WAVE2 signaling axis [23]. Innate immunological check-
points, such as SIRPα (signal-regulatory protein α)/CD47,
enable cancer cells to avoid immune monitoring. When
CD47 binds to the SIRPα ligand on phagocytes, it enables
cancer cells to escape the immune system [24]. In basal
cell carcinoma, a strong correlation has been found between
high CD47 expression and ulceration, as well as enhanced
invasion [25]. Furthermore, the expression of the ATP-
gated calcium channel P2X7 increases the proliferation and
invasion of cancer cells. The antibodies against the vari-
ant of P2X7 (termed nfP2X7) ointment are well-tolerated
as a therapeutic for BCC [26]. Adhesion GPCR (aGPCR)
ADGRB1 and its associated members have been implicated
in different processes such as phagocytosis, leucocyte ac-
tivation, and migration [27]. Hence, we speculated that
SLC6A6, WNK1, CD147, and CD47 were the core genes
involved in transmembrane transport, while ADGRB1 was
the core gene of phagocytosis.

Five distinct biomarkers (ADAM10,MBTPS1, P2RY2,
SLC2A1, and UCP2) were meticulously identified, lead-
ing to the construction of a robust diagnostic model. How-
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Fig. 4. Identification of biomarkers for BCC. (A) The protein-protein interaction (PPI) network of targets. (B) The networks of the top
10 genes were obtained using algorithms such as Closeness, Degree, EPC, MCC, and MNC. (C) The Venn diagram of five biomarkers
was obtained by overlapping the top 10 genes in five algorithms. EPC, edge percolated component; MCC, maximum clique centrality;
MNC, maximum neighborhood component.

ever, previous literature has underscored the pivotal role of
cell communication and subsequent defensive responses in
shaping immune reactions. Particularly, in this study, the

associations ofMBTPS1 and P2RY2 with adaptive immune
responses shed light on their potential significance in the
context of immunity modulation. Furthermore, our find-
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Fig. 5. Analysis of five biomarkers. (A,B) The expression patterns of five biomarkers in GSE125285 (A) and GSE42109 (B) datasets.
(C,D) The receiver operating characteristic (ROC) curves of five biomarkers in both GSE125285 (C) and GSE42109 (D) cohorts. (E)
The construction of nomogram to predict the risk of BCC. (F) The calibration curve of the nomogram. AUC, area under the curve. ∗∗p
< 0.01, ∗∗∗∗p < 0.0001.
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Fig. 6. Gene set enrichment analysis (GSEA) of biomarkers. (A–E) GO terms and KEGG pathways demonstrated enrichment in
ADAM10 (A), MBTPS1 (B), P2RY2 (C), SLC2A1 (D), and UCP2 (E).
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ings align with previous study in demonstrating the over-
expression of ADAM10 immunoreactivity in deep invasion
areas, suggesting the crucial involvement of this protease
in the invasive, highly detrimental, and localized prolif-
eration of BCC [28]. This correlation highlights the po-
tential application of ADAM10 as a key indicator of inva-
siveness and aggressiveness during BCC, thereby offering
valuable insights into the underlying mechanisms driving
the progression of this cancer. Sterol-regulatory element-
binding proteins are involved in regulating cholesterol and
fatty acid synthesis, which are two metabolic pathways
implicated in cancer cell proliferation. MBTPS1 cleaves
sterol regulatory element-binding proteins to activate them
[29]. The tumor microenvironment contains extracellular
nucleotides that act as signaling elements. The research has
suggested that extracellular nucleotides secreted by tumor
cells and mediated by the P2RY2 receptor may serve as reg-
ulators of invasiveness [30]. The function of UCP2 is in-
creased in many types of cancer and differs among cancer
cells. Hep3B and HepG2 cells derived from hepatocellu-
lar carcinomas, as well as HT-29 cells from colorectal can-
cers, were treated with 5-azacytidine, revealing that Hep3B
cells exhibited multiple methylated regions on the UCP2
promoter [31]. UCP2 levels correlate with tumor grade.
High-proliferative neoplastic cells regulateUCP2 to protect
themselves against reactive oxygen species during chronic
exposure [32]. SLC2A1 mediates glucose uptake and pro-
motes glycolysis. Cancer glycometabolism is governed by
SLC2A1, which is widely expressed in cancers such as col-
orectal and pancreatic cancers [33]. Based on mechanistic
studies of pancreatic cancer, forkhead box D1 induces tran-
scription of SLC2A1 and inhibits its degradation through
RNA-induced silencing. Consequently, the expression of
glucose transporter-1 (GLUT1) is enhanced, thereby regu-
lating aerobic glycolysis to facilitate pancreatic cancer pro-
liferation, invasion, and metastasis [34]. Colorectal cancer
exhibiting high levels of SLC2A1 shows elevated immune
infiltration, m6A modification, and ferroptosis, as well as
a distinct correlation between SLC2A1 levels and cancer
stage [35]. These findings indicate that these biomarkers
exert their role through tumor invasion and affect the im-
mune function, thereby impacting tumor development of
BCC. These biomarkers have the potential for the devel-
opment of a diagnostic model for BCC, warranting further
investigation. Although our study demonstrated the poten-
tial importance of these five biomarkers in BCC and con-
structed a reliable diagnostic model, there are some limita-
tions, mainly the lack of experimental validation. Specif-
ically, our study primarily relied on bioinformatics anal-
ysis and literature review, lacking laboratory experiments
to validate the function and mechanism of action of these
biomarkers in basal cell carcinoma. Although bioinformat-
ics analysis provided preliminary evidence to support our
findings, further experimental studies are needed to validate
the exact role of these biomarkers in disease progression.

Conclusions

This study suggested a total of 18 target genes associ-
ated with transmembrane transport and phagocytosis, along
with five efferocytosis-related biomarkers, offering promis-
ing diagnostic indicators for BCC. Furthermore, we suggest
a new diagnostic model for BCC. These findings provide
potential targets for clinical diagnosis and offer deeper in-
sight into the regulatory mechanism of EGs in BCC.
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