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Introduction

The annual incidence of skin cancer is greater than that 
of all other forms of cancer combined, and among skin 
cancers, melanoma (MM) is the deadliest because of its 
very rapid growth rate (1). The individual risk of develo-
ping MM depends on risk factors such as genetic muta-
tions, susceptibility to MM, polymorphisms in genes or 
secondary risk regulator genes, and the degree of acute or 
chronic sun exposure (2). Each year, more than 320,000 
people worldwide are diagnosed with MM, accounting 
for 1.7% of global cancer diagnoses, and nearly 60,000 
deaths from MM. Over the past decades, the incidence of 
MM has increased in developed, predominantly fair-skin-
ned countries (3). MM can be treated surgically at an early 
localized stage with good outcomes, and a 5-year relative 
survival rate of up to 98% (4). However, when a patient is 
diagnosed with advanced or metastatic cancer, the percen-
tage of patient survival decreases dramatically because 
treatment options are very limited in the later stages of the 
tumor (5). 

Endothelial cell-specific molecule 1 (ESM1), an endo-
can located on chromosome 5q11.2, was initially shown to 
play a key role in the regulation of endothelial cell func-
tion (6). Several recent studies have suggested that ESM1 
may also be involved in the development, progression, and 
prognosis of some human cancers, such as head and neck 
squamous cell carcinoma, hepatocellular carcinoma, and 
bladder cancer (7–9). Much new evidence now demons-

trates that ESM1 expression is elevated in a wide range of 
cancers. It is also noteworthy that ESM1 expression levels 
are closely associated with tumor aggressiveness and tu-
mor vascularization (10,11). Furthermore, ESM1 has been 
found to be involved in multiple aspects of tumorigenesis, 
such as promoting normal cell carcinogenesis, regulating 
cell proliferation and survival cycles, and regulating the 
migration and invasion of tumor cells. In addition, ESM1 
is closely associated with tumor drug resistance (12). 
ESM1 had an impact on clinical outcomes after chemo-
therapy in patients with advanced gastric cancer, and its 
overexpression was strongly associated with radiotherapy 
resistance in breast cancer, suggesting a potential clini-
cal value of ESM1 in cancer patients (13,14). It has been 
demonstrated that overexpression of ESM1 can cause tu-
mor cell formation in the nontumorigenic epithelium, and 
overexpression of ESM1 in tumorigenic cells can signifi-
cantly increase the growth rate of tumors (15). However, 
the level of expression and clinical significance of ESM1 
in most cancers remain elusive, and no studies have repor-
ted its relevance in MM. Therefore, further investigation 
is warranted to identify the gene function of ESM1 in MM 
development.

In this study, we analysed the immune cell infiltration 
of ESM1 in metastatic MM and its relationship with rela-
ted signalling pathways and genes to confirm the regula-
tory role of ESM1 in the metastasis of MM. Furthermore, 
we performed a drug sensitivity analysis to find effective 
drugs for the clinical treatment of MM and improving pa-
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tient survival. To achieve this, we used MM patient speci-
mens and two MM cell lines to conduct a combined study, 
aiming to reveal the possibility of ESM1 becoming a the-
rapeutic target for MM patients.

Materials and Methods

Data retrieval and preprocessing
We obtained all RNA-seq data and clinical information 

regarding MM from the TCGA (https://tcga-data.nci.nih.
gov/tcga) and GEO (https://www.ncbi.nlm.nih.gov/geo/) 
databases. The analysis included four datasets, namely 
TCGA-MM, GSE12391, GSE46517, and GSE112509.

Within the GSE12391 chip data, there were common 
melanocytic nevi (CMN) (n = 18), dysplastic nevi (DN) (n 
= 11), primary radial growth phase malignant melanomas 
(RGPM) (n=8), primary vertical growth phase malignant 
melanomas (VGPM) (n=15) and melanoma metastases 
(MTS) (n=5). Meanwhile, the GSE46517 microarray data 
set contained CMN (n = 9), primary melanoma (PM) (n 
= 31), and metastatic melanoma (MM) (n = 73). Finally, 
GSE112509 sequencing data included CMN (n = 23) and 
PM (n = 57). Subsequently, we extracted the expression 
matrix of ESM1, along with the corresponding clinical 
data, for further analysis.

The ESM1 gene analysis 
For this study, the Tumor Immune Estimation Resource 

(TIMER) database (https://cistrome.shinyapps.io/timer/) 
was used to examine ESM1 mRNA expression in different 
types of cancer. The statistical analyses were performed 
using R software v4.1.3. The "limma" R package was em-
ployed to illustrate how ESM1 mRNA was distributed in 
primary and metastatic MM tissues. A correlation analysis 
based on the Pearson algorithm was undertaken to identify 
co-expressed genes in ESM1. Heatmaps were utilized to 
indicate the distribution of various clinical factors in high 
and low ESM1 expression groups. Finally, the "limma" 
package in R was used to recognize the differentially ex-
pressed genes (DEGs) between the high and low-expres-
sion ESM1 groups (FDR>0.05 and |logFC|>1.5). Further-
more, the "clusterprofiler" package in R was implemented 
to perform Gene Ontology (GO) and Kyoto Encyclope-
dia of Genes and Genomes (KEGG) enrichment analysis 
on DEGs, examining these DEG-related enrichment pa-
thways and gene functions in more depth.

Gene Set Enrichment Analysis and Protein-Protein 
Interaction networks

The gene set "2.cp.kegg.v7.5.1.symbols.gmt" was ob-
tained from the Molecular Signatures Database (MSigDB, 
https://www.gsea-msigdb.org/gsea/msigdb/). In this study, 
Gene Set Enrichment Analysis (GSEA) was utilized to in-
vestigate the relevant roles of the Notch and Wnt signaling 
pathways. The Protein-Protein Interaction (PPI) network 
was constructed using the Search Tool for the Retrieval 
of Interacting Genes database (STRING, http://www.
stringdb.org) to predict the protein-protein interactions of 
differentially expressed genes (DEGs) in the Notch and 
Wnt signaling pathways. Only genes with an interaction 
score > 0.15 were retained, and Cytoscape software v3.9.1 
was used to visualize the PPI network.

Exploration of the immune landscape and identifica-
tion of antitumor drugs

The R packages "CIBERSORT" and "ESTIMATE" 
were utilized to obtain pertinent data regarding tumor 
purity, immune score, and ESTIMAT score, as well as to 
compute the content and infiltration density of immune 
cells in the high and low ESM1 expression groups. In 
order to further investigate the relationship between the 
ESM1 gene and the level of immune infiltration, CIBER-
SORT was used to calculate the level of infiltration of 
22 immune cells. A co-expression analysis was also per-
formed on the expressions of the ESM1 gene and genes 
related to immune checkpoints. Finally, to evaluate the 
response to therapy and explore common antitumor drugs 
for MM treatment, the R package pRRophetic was used to 
calculate the half inhibitory concentration (IC50) of drugs 
and compare this metric between different groups.

Immunohistochemistry staining and scoring
Primary skin specimens and metastatic lymph node 

specimens were obtained from the Dermatopathology 
Department of the Affiliated Hospital of Qingdao Univer-
sity, China, from June 2018 to March 2020. None of the 
patients had received any chemotherapy, targeted therapy, 
or immunotherapy before the operation. Finally, this study 
included seven cases of MM metastasis and in situ tissues. 
The study was approved by the ethical committee of the 
Affiliated Hospital of Qingdao University (20190125). 
Immunohistochemistry staining was performed as descri-
bed elsewhere, and a specific antibody was used, namely 
ESM1 (Abcam, ab224591). The ESM1-positive cells were 
counted in five random high-power fields (×400), and the 
mean positive cell ratio was calculated. Then, a combined 
score of ESM1 was conducted to evaluate the intensity and 
distribution of ESM1 cytoplasmic and membrane staining. 
The ESM1-positive cells with cytoplasmic staining were 
assigned a score of 0 (no discernible ESM1 staining), 1 
(1%-49%), 2 (50%-79%), or 3 (≥80%). The ESM1-posi-
tive cells with membrane staining were graded as follows: 
a score of 0 (absent), 1 (1%-19%), 2 (20%–49%), or 3 
(≥50%). The two scores were summed to yield an overall 
score ranging from 0 to 6, denoting the expression level 
of ESM1. The IHC staining was independently scored by 
three authors in a blinded manner. For any score difference 
among observers, the consistency could be evaluated using 
a multihead microscope, and then the final score could be 
recorded.

Western blot analysis
The total protein was extracted from cellular lysates 

and analysed via Western blot analysis, in accordance with 
previously established methods. The Cell Lysis Buffer pro-
vided by Beyotime Company (P0013) was utilized as the 
reagent for total protein extraction, and Beyotime's Nuclear 
and Cytoplasmic Protein Extraction Kit (P0027) was em-
ployed. The following antibodies were utilized in Western 
blotting: anti-ESM1 antibody (ab103590), anti-β-catenin 
antibody (ab32572), anti-C-Myc antibody (ab32072), 
anti-DLL4 antibody (Abcam, ab7280), anti-Notch4-ICD 
antibody (Abcam, ab33163), and anti-GAPDH antibody 
(Sigma, G9545). The relative expression of proteins was 
normalized to GAPDH.



162

Miaomiao Wang et al. / ESM1 as a potential biomarker in proliferation of melanoma, 2023, 69(6): 160-167

adjacent normal tissues, ESM1 mRNA expression levels 
across various cancers were analyzed using the TIMER2.0 
database. The results indicated that ESM1 was highly ex-
pressed in the majority of cancer tissues when compared 
with adjacent normal tissues (Figure 1A). Notably, metas-
tatic MM showed higher ESM1 expression than in situ tis-
sues. TCGA data revealed that ESM1 mRNA expression 
was lower in situ than in metastatic tissues (Figure 1B). 
To identify the genes co-expressed with ESM1, correlation 
analysis using the Pearson algorithm was performed (Fi-
gure 1C; Supplementary Table 1). Heatmaps were utilized 
to represent the distribution of different clinical features 
in high and low-expression ESM1 groups (Figure 1D). 
Based on the heatmaps, all samples were classified into 
high and low-expression ESM1 groups.

Identification of Differentially Expressed Genes
The "limma" package in R was used to identify DEGs 

between the high and low expression ESM1 groups (FDR 
> 0.05 and |logFC| > 1.5) (Figure 2A). To further inves-
tigate the pathways and functions associated with these 
DEGs, we conducted GO and KEGG enrichment analyses 
to evaluate the potential molecular mechanisms of ESM1. 
In the GO enrichment analysis of differentially expressed 
MRGs, the biological process (BP) terms were correla-
ted with the regulation of synapse structure or activity 
(GO:0050803), and synapse organization (GO:0050808); 
cellular component (CC) terms were related to the synap-
tic membrane (GO:0097060) and collagen-containing ex-
tracellular matrix (GO:0062063); and molecular function 
(MF) terms were associated with receptor ligand activity 
(GO:0048018) and signaling receptor activator activity 

Cell lines and lentiviral vector transfection for silen-
cing ESM1 expression

The metastatic melanoma cell lines SK-MEL-1/SK-
MEL-5 (ATCC1 HTB-67 ™/HTB-70 ™) were acquired 
from the American Type Culture Collection and preser-
ved in our laboratory. The cell lines were cultured in Dul-
becco's Modified Eagle's Medium (DMEM; Gibco, CA, 
USA) supplemented with 10% fetal calf serum. To silence 
ESM1 expression in SK-MEL-1/SK-MEL-5 cell lines, a 
lentiviral vector targeting ESM1 was constructed using the 
shRNAi vector pGMLV (pGMLV-GFP-vshRNA-ESM1, 
Genomeditech, Shanghai, China). The shRNA-ESM1 len-
tiviral vector was generated by incorporating the following 
shRNA-targeting oligo sequence for ESM1: 

Top Strand: 5'-CACCGGCCGCCTGGAGCAATAAT-
TACGAATAATTATTGCTCCAGGCGGCC-3' 

Bottom Strand: 5'-AAAAGGCCGCCTGGAGCAA-
TAATTATTCGTAATTATTGCTCCAGGCGGCC-3' 

The recombinant pGMLV-GFP-vshRNA-ESM1 
construct was confirmed through PCR and DNA sequen-
cing. Lentivirus packaging was conducted in 293T cells, 
followed by transfection of shRNA-ESM1 into SK-
MEL-1/SK-MEL-5 cells. A mock lentiviral vector was 
used as a negative control. The most effective shRNA 
fragment against ESM1 was determined through real-time 
PCR analysis.

Mouse xenograft study
We procured all male BALB/c nude mice aged between 

4-6 weeks from the Shanghai SLAC Laboratory Animal 
Co. Ltd. and maintained them under standard pathogen-
free (SPF) conditions at the Experimental Animal Center 
of the Affiliated Hospital of Qingdao University. Our stu-
dy was conducted after obtaining the necessary approvals 
from the Institutional Animal Care and Ethics Committee 
of the Affiliated Hospital of Qingdao University. For the 
tumor formation assay, we randomly allocated 24 BALB/c 
nude mice aged between 4-6 weeks into four groups, and 
we subcutaneously injected SK-MEL-1/ESM1-shRNA 
cells, SK-MEL-1/NC-shRNA cells, SK-MEL-5/ESM1-
shRNA cells, and SK-MEL-5/NC-shRNA cells at a dose 
of 2×107 cells per animal for each group in the armpit. 
We recorded the size of the primary tumor every other 
day using a calliper, and only measurable tumors were 
included in the mean tumor volume calculation for each 
tumor cell clone at each time point. We humanely eutha-
nized all animals using carbon dioxide inhalation 32 days 
after injecting the cells because the largest tumors reached 
approximately 15 mm in diameter. We extracted proteins 
from all transplanted tumors for the subsequent WB expe-
riments.

Results

Expression of ESM1 mRNA in MM
The present study aimed to explore the expression of 
ESM1 mRNA in MM and its relationship to clinical fea-
tures. To accomplish this objective, RNA-Seq data and 
clinical information on MM patients were acquired from 
the TCGA databases. Initial analysis was performed on 
the TCGA-MM dataset for validation, from which the 
expression matrix of ESM1 and the corresponding clini-
cal data were retrieved. In order to determine the diffe-
rences in ESM1 mRNA expression between tumour and 

Figure 1. (a) ESM1 expression levels in different cancer types from 
TCGA data in TIMER. (b) ESM1 mRNA expression in primary and 
metastatic MM tissues. (c) Correlation analysis of ESM1 and its 11 
coexpressed genes. (d) Heatmaps of the distribution of different clini-
cal features in the high and low-expression ESM1 groups.
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(GO:0030546) (Figure 2B; Supplementary Table 2). In 
addition, we performed a KEGG enrichment analysis, 
which highlighted the correlations of 18 pathways (Figure 
2C and Supplementary Table 3).

Gene set Enrichment Analysis and Protein-Protein In-
teraction networks

The gene set named "2.cp.kegg.v7.5.1.symbols.gmt" 
was acquired from the Molecular Signatures Database. To 
investigate the significance of the Notch and Wnt signa-
ling pathways in the study, GSEA was utilized. The results 
of the analysis suggested that the Notch and Wnt signaling 
pathways were universally activated during the process of 
ESM1 expression (refer to Figure 3A). 

To reveal the protein-protein interactions of DEGs in 
the Notch and Wnt signaling pathways, a PPI network 
was constructed using the Search Tool for the Retrieval of 
Interacting Genes database. Subsequently, genes with an 
interaction score greater than 0.15 (including 25 Wnt-re-
lated genes and 7 Notch-related genes) were selected and 
utilized to construct the PPI networks, illustrated in Figure 
3(A, B) using Cytoscape software, version 3.6.0.

Exploring the immune landscape and identifying anti-
tumor drugs

Initially, we obtained the stromal score, immune score, 
and ESTIMATE score for tumors from relevant data-
bases. We computed the content and infiltration density 
of immune cells in both high and low ESM1 expression 
groups to reveal the relationship between the ESM1 gene 
and immune infiltration levels (Figure 4A). CIBERSORT 
was employed to calculate the level of infiltration of 22 
immune cells (Figure 4B), indicating that immune infiltra-
tion levels were higher in the low ESM1 expression group. 
The relationship between infiltrating immune cells and 

ESM1 expression is presented in Figure 4C. Further, we 
conducted a co-expression analysis of the ESM1 gene and 
immune checkpoint-related genes. The outcomes demons-
trated that almost all 13 immune-related genes showed a 
negative correlation with ESM1 expression (Figure 4D).

To evaluate therapy response and explore common an-
titumor drugs for Multiple Myeloma treatment in the clini-
cal setting, we used the R package pRRophetic to calculate 
the IC50 of drugs and compared them between different 
groups. We found a significant difference in the IC50 of 32 
commonly available Antitumor drugs used for MM treat-
ment in different groups (Figure 5).

Validation of ESM1 by in-house data
In order to further validate our findings, we analysed 

the expression levels of the ESM1 gene in three dif-

Figure 2. (a) DEGs between high and low expression ESM1 groups. 
(b) GO analysis of biological processes, cellular components and 
molecular functions of ESM1. (c) KEGG analysis of the correlation 
between the ESM1 gene and some related pathways.

Figure 4. (a) Stromal score, immune score and ESTIMAT score of 
tumors. (b) Immune infiltration of high and low expression ESM1 
groups. (c) Relationship of infiltrating immune cells with the ESM1 
gene. (d) Some immune checkpoint-related genes and the ESM1 gene 
and their correlation of expression.

Figure 3. (a) KEGG of Notch and Wnt signaling pathways. (b) PPI 
of DEGs in the Notch and Wnt signaling pathways. (c) PPI of DEGs 
with an interaction score > 0.15.
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ferent datasets. Figures 6A, 6B and 6C demonstrate the 
expression levels of ESM1 in GSE12391, GSE46517 and 
GSE112509, respectively. We found that ESM1 gene ex-
pression was significantly higher in metastatic melanoma 
than in primary lesions, pigmented nevi and dysplastic 
nevi. ESM1 gene expression was also significantly higher 
in melanoma than in nevi. To validate this significant diffe-
rence in ESM1 expression, an IHC test was conducted on 
7 pairs of primary and metastatic MM samples, as shown 
in Figures 6D and 6E. The staining intensity of ESM1 
was notably higher in metastatic lesions than in primary 
lesions. Finally, to confirm this difference, we used WB 
to test the expression of ESM1 in primary and metastatic 
MM samples. As shown in Figure 6F, the expression of the 
ESM1 protein was significantly higher in metastatic tissue 
than in primary tissue.

ESM1 enhances tumorigenicity in mice 
To validate the function of endogenous ESM1 in vivo, 

we stably transfected SK-MEL-1/5 cells and subcuta-
neously injected them into BALB/c-nu mice. Weekly tu-
mor growth was measured in the xenograft mouse model 
(Figure 7). Results in Figure 7 show that ESM1 knockdown 
markedly inhibited tumor growth in comparison to the 
control. We also examined xenografts for the expression of 
ESM1, Notch-ICD, DLL4, C-Myc, and β-catenin through 
the WB.

Results in Figure 8 indicate that ESM1 knockdown 
impaired Notch4-ICD, DLL4, and β-catenin expression in 
the nucleus, but total β-catenin expression remained unaf-
fected. These findings suggest that ESM1 contributes to 
tumorigenesis in vivo and may activate the Wnt/β-catenin 
and Notch signaling pathways.

Drawing from in vivo experiments with human MM 
cell lines and literature, we have depicted in Figure 9 that 
Wnt/β-catenin and the Notch pathway may be involved in 

Figure 5. Identification of commonly used antitumor drugs.

Figure 6. (a-c) Expression levels of the ESM1 gene in the GSE12391, 
GSE46517, and GSE112509 datasets. (d, e) ESM1 has a higher ex-
pression level in metastatic MM tissues than in primary MM. IHC 
was used to validate the significant difference in ESM1 expression 
between seven pairs of primary and metastatic MM samples. (f) WB 
to test the difference in ESM1 between primary and metastatic MM 
samples.

Figure 7. ESM1 promotes tumorigenesis in mice. (a, b, c) Xenograft 
weight (mg) and size (cm) were measured.

Figure 8. WB analysis of the expression of β-catenin, C-Myc, Notch4-
ICD and DLL4 in sh-ESM1/scramble xenograft tumors.
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ESM1-driven tumorigenesis.

Discussion

Although primary MM is better treated in its early 
stages, the five-year survival rate remains low for metas-
tatic and late-stage MM (16). ESM1, also known as endo-
thelial cell-specific molecule-1, is an endothelium-asso-
ciated proteoglycan that may be involved in neoangioge-
nesis and has been extensively studied in recent years as a 
promising biomarker for endothelial dysfunction, inflam-
mation, and neoplasia (17,18). Furthermore, it was found 
that the expression of ESM1 genes plays a crucial role 
in tumor migration and metastasis, and inhibition of this 
gene expression can effectively control tumor progression. 
In our study, we explored the expression of ESM1 across 
cancers and showed that the degree of ESM1 expression 
was higher in a variety of common tumor tissues than in 
normal tissues. More notably, ESM1 gene expression was 
significantly higher in metastatic MM than in primary 
MM, indicating that the impact of this gene on MM can-
not be ignored.

The WNT signaling pathway controls important cel-
lular processes throughout embryonic development and 
adulthood, and therefore, any laxity in this signaling may 
lead to a wide range of pathologies, including various can-
cers (19,20). In addition, it is important for maintaining 
genetic stability, regulating cell fate and differentiation, 
cell proliferation, cell viability, apoptosis, and stem cell 
maintenance. In addition, a recent review summarized the 
roles of a wide range of modifications of the Wnt signa-
ling pathway that affect the development of various tissues 
and organs, generate relevant genetic phenotypes, sustain 
tumor formation, and promote tumor invasion (21–24). In 
this study, we performed GSEA on the high ESM1 expres-
sion group, and the results showed that the activation of the 
Notch and Wnt signaling pathways was greatly increased 
in the tumors of this group, indicating that the Notch and 
Wnt signaling pathways are closely related to the expres-
sion of the ESM1 gene and play a role in promoting the 
metastasis and invasion of MM. β-Catenin has been shown 
to promote tumor recurrence and reduce patient survival. 
A study showed that although tumors with β-catenin mu-
tations tend to have a low-risk profile, they are strongly 
associated with a poorer prognosis for the tumor, with a 
significant increase in the rate of disease recurrence, lea-
ding to a substantial reduction in overall survival (25). 
Another study also showed that mutation and activation 
of β-catenin lead to a much lower survival rate in patients 
with endometrial cancer (26). However, the exact role of 
WNT signaling in melanoma initiation and progression 
remains highly controversial to date. extensive studies. In 
this study, knockdown of ESM1 significantly reduced the 
nuclear expression of β-catenin and the expression of C-
Myc, a downstream effector molecule of WNT signaling, 
which confirmed that ESM1 was involved in the activation 
of downstream effector molecules by assisting β-catenin in 
entering the nucleus (27).

Notch was first identified as an oncogene in T-ALL, 
and alterations in Notch receptors were discovered in va-
rious cancers (28,29). The activation of the Notch pathway 
in breast cancer, lung adenocarcinoma, hepatocellular can-
cer, and colorectal cancer was determined to be oncogenic 
(30,31). In addition, an in vitro experiment showed that 

ESM1 enhanced CDK1- and p21-mediated mitosis in the 
G2/M phase transition and that cells proliferated through 
the DLL4-Notch signaling pathway in the human adreno-
cortical tumor cell line SW13 (32,33). This provides new 
ideas for chemotherapy and immunotherapy of tumors 
in clinical practice. DLL4 is an important ligand of the 
Notch signaling pathway and assists Notch in promoting 
tumor invasion (34,35). A study showed that ESM1 can 
interact closely with DLL4 and is involved in the Notch 
signaling pathway during adrenocortical carcinogenesis 
and progression (36). According to our analysis, ESM1 is 
closely related to and active in DLL4. DLL4 is an impor-
tant ligand of the Notch signaling pathway. Therefore, 
ESM1 may interact closely with DLL4 and be involved 
in the Notch signaling pathway during MM development 
and progression. Mechanistically, this may be related to 
the fact that ESM1, as a secreted protein, binds to DLL4 
outside the cell and activates Notch signaling. This result 
was confirmed by the interaction between the ESM1 ho-
mologous C. elegans proteins OSM-11 and LIN-12 (37).

In the comparative analysis of immune infiltration in 
the high and low ESM1 expression groups, we found that 
the infiltration levels of activated natural killer (NK) cells, 
regulatory T cells, CD8+ T cells, and naive B cells were 
lower, while the infiltration levels of M0 macrophages, 
resting NK cells, and M2 macrophages were higher in the 
high ESM1 expression group. NK cells are powerful effec-
tors of innate immunity and constitute the first line of de-
fense against cancer. Their ability to eliminate transformed 
cells and preserve normal healthy cells plays a particularly 
important role in preventing cancer metastasis (38). It has 
also been shown that NK cell infiltration within melanoma 
tissue is associated with improved overall survival in solid 
cancers, revealing the importance of NK cells in melano-
ma (39). CD8+ T cells activated by cancer immunotherapy 
induce cell death via the perforin granzyme and Fas-Fas li-
gand pathways, resulting in tumor clearance (40). Thus, it 
is evident that high expression of ESM1 negatively affects 
both immune infiltration and the immunotherapeutic res-
ponse in MM patients, which may increase the difficulty 
of treatment in MM patients. The statistically significant 
differences in the IC50 of 32 commonly used antitumor 
drugs used for MM treatment in different ESM1 expres-
sion groups suggest that we can target different antitumor 

Figure 9. Involvement of Wnt/β-catenin and Notch pathways in 
ESM1-driven tumorigenesis.
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drugs for different ESM1 expression levels. The aim of 
this study was to verify that the ESM1 gene has a promoter 
role in MM invasion and metastasis and is closely linked 
to signaling pathways and related genes associated with 
tumor development, which together lead to tumor metas-
tasis. In addition, we performed immunohistochemical 
analysis and established a xenograft model to further test 
our hypothesis. We believe that the results of this study are 
reliable.

However, we are also aware that this study has seve-
ral flaws and limitations. Since the molecular mechanisms 
underlying the role of the ESM1 gene in MM are not fully 
understood and relevant in vivo experiments are not suffi-
cient, it would be wise to validate it through further basic 
experiments, such as CO-IP experiments, to validate the 
interacting protein of ESM1. In addition, an expanded 
sample size is needed to validate this finding. In addition, 
we will validate the accuracy of this study with reasonable 
in vivo and in vitro experiments in future studies.

In conclusion, our study reveals the effect of ESM1 on 
the metastatic nature of MM and provides new insights 
into the pharmacological treatment of MM, which can 
help to clinically improve the survival rate of patients with 
advanced or metastatic MM.

Acknowledgments
Not applicable.

Interest conflict
The authors declare no potential conflicts of interest 
concerning the research, authorship, and/or publication of 
this article.

Author’s contribution
Design of the study: Miaomiao Wang, Guanzhi Chen; 
Collection of the tissue specimen and analysis of clini-
copathologic data: Miaomiao Wang, Hongfen Ge, Shuya 
Liang; In vivo experiments and data analysis: Miaomiao 
Wang, Shuya Liang, Hongfen Ge. Drafting and revision 
of the manuscript: Miaomiao Wang, Guanzhi Chen. All 
authors read and approved the final version of the manu-
script.

Supplementary Table S1. ESM1 coexpressed genes.
Supplementary Table S2. GO enrichment analysis.
Supplementary Table S3. KEGG enrichment analysis.

References 

1. Saginala K, Barsouk A, Aluru JS, Rawla P, Barsouk A. Epidemi-
ology of melanoma. Med Sci 2021;9:63.

2. Dzwierzynski WW. Melanoma risk factors and prevention. Clin 
Plast Surg 2021;48:543–50.

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN Es-
timates of Incidence and Mortality Worldwide for 36 Cancers in 
185 Countries. CA Cancer J Clin 2021;71:209–49.

4. O’Neill CH, Scoggins CR. Melanoma. J Surg Oncol 
2019;120:873–81.

5. Carr S, Smith C, Wernberg J. Epidemiology and risk factors of 
melanoma. Surg Clin 2020;100:1–12.

6. Charoentong P, Finotello F, Angelova M, Mayer C, Efremova M, 
Rieder D, et al. Pan-cancer immunogenomic analyses reveal gen-
otype-immunophenotype relationships and predictors of response 

to checkpoint blockade. Cell Rep 2017;18:248–62.
7. Xu H, Chen X, Huang Z. Identification of ESM1 overexpressed 

in head and neck squamous cell carcinoma. Cancer Cell Int 
2019;19:1–11.

8. Jin H, Rugira T, Ko YS, Park SW, Yun SP, Kim HJ. ESM-1 over-
expression is involved in increased tumorigenesis of radiothera-
py-resistant breast cancer cells. Cancers (Basel) 2020;12:1363.

9. Cai H, Yang X, Gao Y, Xu Z, Yu B, Xu T, et al. Exosomal microR-
NA-9-3p secreted from BMSCs downregulates ESM1 to suppress 
the development of bladder cancer. Mol Ther Acids 2019;18:787–
800.

10. Fattahi F, Kiani J, Khosravi M, Vafaei S, Mohammadi A, Madjd 
Z, et al. Enrichment of up-regulated and down-regulated gene 
clusters using gene ontology, miRNAs and lncRNAs in colorectal 
cancer. Comb Chem High Throughput Screen 2019;22:534–45.

11. Abu El-Asrar AM, Nawaz MI, De Hertogh G, Al-Kharashi AS, 
Van den Eynde K, Mohammad G, et al. The angiogenic biomarker 
endocan is upregulated in proliferative diabetic retinopathy and 
correlates with vascular endothelial growth factor. Curr Eye Res 
2015;40:321–31.

12. Zhang H, Shen Y-W, Zhang L-J, Chen J-J, Bian H-T, Gu W-J, et al. 
Targeting endothelial cell-specific molecule 1 protein in cancer: a 
promising therapeutic approach. Front Oncol 2021;11:687120.

13. Liu W, Yang Y, He B, Ma F, Sun F, Guo M, et al. ESM1 promotes 
triple-negative breast cancer cell proliferation through activating 
AKT/NF-κB/Cyclin D1 pathway. Ann Transl Med 2021;9.

14. Kano K, Sakamaki K, Oue N, Kimura Y, Hashimoto I, Hara K, 
et al. Impact of the ESM-1 gene expression on outcomes in stage 
II/III gastric cancer patients who received adjuvant S-1 chemo-
therapy. In Vivo (Brooklyn) 2020;34:461–7.

15. De Freitas Caires N, Gaudet A, Portier L, Tsicopoulos A, Mathieu 
D, Lassalle P. Endocan, sepsis, pneumonia, and acute respiratory 
distress syndrome. Crit Care 2018;22:1–10.

16. Kudchadkar RR, Lowe MC, Khan MK, McBrien SM. Metastatic 
melanoma. CA Cancer J Clin 2020;70:78–85.

17. Sarrazin S, Adam E, Lyon M, Depontieu F, Motte V, Landolfi 
C, et al. Endocan or endothelial cell specific molecule-1 (ESM-
1): a potential novel endothelial cell marker and a new target for 
cancer therapy. Biochim Biophys Acta (BBA)-Reviews Cancer 
2006;1765:25–37.

18. Rennel E, Mellberg S, Dimberg A, Petersson L, Botling J, 
Ameur A, et al. Endocan is a VEGF-A and PI3K regulated gene 
with increased expression in human renal cancer. Exp Cell Res 
2007;313:1285–94.

19. Nusse R, Clevers H. Wnt/β-catenin signaling, disease, and emerg-
ing therapeutic modalities. Cell 2017;169:985–99.

20. Pelullo M, Zema S, Nardozza F, Checquolo S, Screpanti I, Bel-
lavia D. Wnt, Notch, and TGF-β pathways impinge on hedgehog 
signaling complexity: an open window on cancer. Front Genet 
2019;10:711.

21. Razmi M, Ghods R, Vafaei S, Sahlolbei M, Saeednejad Zanjani 
L, Madjd Z. Clinical and prognostic significances of cancer stem 
cell markers in gastric cancer patients: a systematic review and 
meta-analysis. Cancer Cell Int 2021;21:1–20.

22. Sharifzad F, Yasavoli-Sharahi H, Mardpour S, Fakharian E, Ni-
kuinejad H, Heydari Y, et al. Neuropathological and genomic char-
acterization of glioblastoma-induced rat model: How similar is it 
to humans for targeted therapy? J Cell Physiol 2019;234:22493–
504.

23. Perugorria MJ, Olaizola P, Labiano I, Esparza-Baquer A, Mar-
zioni M, Marin JJG, et al. Wnt–β-catenin signalling in liver de-
velopment, health and disease. Nat Rev Gastroenterol Hepatol 
2019;16:121–36.

24. Wils LJ, Bijlsma MF. Epigenetic regulation of the Hedgehog and 



167

Miaomiao Wang et al. / ESM1 as a potential biomarker in proliferation of melanoma, 2023, 69(6): 160-167

Wnt pathways in cancer. Crit Rev Oncol Hematol 2018;121:23–
44.

25. Ledinek Ž, Sobočan M, Knez J. The Role of CTNNB1 in Endo-
metrial Cancer. Dis Markers 2022;2022.

26. Zyla RE, Olkhov-Mitsel E, Amemiya Y, Bassiouny D, Seth A, 
Djordjevic B, et al. CTNNB1 mutations and aberrant β-catenin 
expression in ovarian endometrioid carcinoma: correlation with 
patient outcome. Am J Surg Pathol 2021;45:68–76.

27. Pan K, Lee W, Chou C, Yang Y, Chang Y, Chien M, et al. Direct 
interaction of β‐catenin with nuclear ESM1 supports stemness of 
metastatic prostate cancer. EMBO J 2021;40:e105450.

28. Zhou B, Lin W, Long Y, Yang Y, Zhang H, Wu K, et al. Notch 
signaling pathway: Architecture, disease, and therapeutics. Signal 
Transduct Target Ther 2022;7:95.

29. Chen W, Wei W, Yu L, Ye Z, Huang F, Zhang L, et al. Mammary 
development and breast cancer: a notch perspective. J Mammary 
Gland Biol Neoplasia 2021;26:309–20.

30. Anusewicz D, Orzechowska M, Bednarek AK. Lung squamous 
cell carcinoma and lung adenocarcinoma differential gene expres-
sion regulation through pathways of Notch, Hedgehog, Wnt, and 
ErbB signalling. Sci Rep 2020;10:1–15.

31. Ye Y-C, Zhao J-L, Lu Y-T, Gao C-C, Yang Y, Liang S-Q, et al. 
NOTCH signaling via WNT regulates the proliferation of alterna-
tive, CCR2-independent tumor-associated macrophages in hepa-
tocellular carcinoma. Cancer Res 2019;79:4160–72.

32. Tyagi A, Sharma AK, Damodaran C. A review on notch signaling 
and colorectal cancer. Cells 2020;9:1549.

33. Huang Y-G, Wang Y, Zhu R-J, Tang K, Tang X-B, Su X-M. 
EMS1/DLL4-notch signaling axis augments cell cycle-mediated 

tumorigenesis and progress in human adrenocortical carcinoma. 
Front Oncol 2021;11:771579.

34. Li L, Tang P, Li S, Qin X, Yang H, Wu C, et al. Notch signaling 
pathway networks in cancer metastasis: a new target for cancer 
therapy. Med Oncol 2017;34:1–10.

35. Zanjani LS, Vafaei S, Abolhasani M, Fattahi F, Madjd Z. Prognos-
tic value of Talin-1 in renal cell carcinoma and its association with 
B7-H3. Cancer Biomarkers 2022:1–24.

36. Naseri M, Saeednejad Zanjani L, Vafaei S, Gheytanchi E, Abol-
hasani M, Bozorgmehr M, et al. Increased cytoplasmic expression 
of DLL4 is associated with favorable prognosis in colorectal can-
cer. Futur Oncol 2021;17:3231–42.

37. Komatsu H, Chao MY, Larkins-Ford J, Corkins ME, Somers 
GA, Tucey T, et al. OSM-11 facilitates LIN-12 Notch signaling 
during Caenorhabditis elegans vulval development. PLoS Biol 
2008;6:e196.

38. Shimasaki N, Jain A, Campana D. NK cells for cancer immuno-
therapy. Nat Rev Drug Discov 2020;19:200–18.

39. Lee H-D., AU-Palendira IP, UmaimainthanAU-Scolyer R, AU-
Long A, Georgina V, AU-Wilmott, et al. No Title TI-Targeting 
NK Cells to Enhance Melanoma Response to Immunotherapies 
Targeting NK Cells to Enhance Melanoma Response to Immuno-
therapies. Cancers (Basel) 2021;13.

40. Wang W, Green M, Choi JE, Gijón M, Kennedy PD, Johnson JK, 
et al. CD8+ T cells regulate tumour ferroptosis during cancer im-
munotherapy. Nature 2019;569:270–4.


