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Cutaneous angiosarcoma is a rare and highly aggres-
sive skin malignancy. The aim of this study is to 
explore the alteration of serum-derived extracellular 
vesicle (EV) in angiosarcoma patients and to evaluate 
its clinical utility as a novel circulating biomarker. In a 
microarray analysis to examine the differential expres-
sion of specific EV-associated microRNAs in sera bet-
ween cutaneous angiosarcoma patients and healthy 
controls, 73 microRNAs with significant upregulation 
and 100 microRNAs with significant downregulation, 
respectively, were identified in patients with angio
sarcoma. Among them, quantitative PCR confirmed 
that miR-184, miR-3925-5p, miR-3926, and miR-5703 
were upregulated in sera of cutaneous angiosarcoma 
patients compared with those of healthy controls and 
melanoma patients. Additionally, these 4 microRNAs 
were expressed more highly in angiosarcoma cell lines 
compared with normal human endothelial cell lines 
and were prone to elevate along with disease progres-
sion. Furthermore, a gene analysis predicted that the 
target gene set of microRNAs might affect the regula-
tion of TP53 via the epigenetic regulation of MECP2. 
Taken together, these 4 extracellular vesicle-asso-
ciated microRNAs in circulation serve as a promising 
liquid biomarker to identify angiosarcoma patients and 
trace disease progression.
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Angiosarcoma (AS) is a rare and aggressive malig-
nant tumor that originates from lymphatic or vas-

cular endothelial cells (1). Cutaneous AS accounts for 
approximately 60% of all cases of AS, and often arises 
from the scalp in the elderly (2). Pulmonary involve-
ment is observed in 60–80% of cases of cutaneous AS 
(3). Although some innovative treatments, including 
immune checkpoint inhibitors, have been developed 
for skin malignancies, the prognosis of cutaneous AS 

is still poor (4). Therefore, it is crucial to gain a deeper 
understanding of cutaneous AS in order to develop more 
effective diagnostic and treatment strategies.

MicroRNAs (miRNAs) are endogenous small 
non-coding RNAs found in various bodily fluids, 
including serum or plasma (5, 6). In mammals, more 
than 2,500 types of miRNAs are known to control 
30–90% (7–9) of gene expression. They are involved 
in modulating diverse biological processes, including 
inflammation, cell cycle regulation, stress responses, 
differentiation, apoptosis, and cell migration (10). 
Numerous studies have demonstrated that genomic 
alterations in miRNA genes play a crucial role in tumor 
development (5).

The regulatory patterns of miRNAs are closely asso-
ciated with the diagnosis, staging, progression, and 
characteristics of tumors; in some cases, miRNAs can 
serve as direct targets for cancer gene therapy (9, 11). 
Recent studies indicate that various cells, including 
cancer cells, secrete miRNAs into bodily fluids through 
extracellular vesicles (EVs) including exosomes. In this 
paper, according to the latest International Society for 
Extracellular Vesicles (ISEV) guidelines (12), we use 
the term EV instead of exosome. 

EVs are produced by both normal and cancerous cells 
and act as pivotal messengers between cells by trans-
porting bioactive substances to both nearby and distant 
regions. This process plays a crucial role in fostering the 
onset, invasion, and spread of tumors (13). Additionally, 
EV-associated miRNAs (EV-miRNAs) contribute to 
regulating the response of the tumor microenvironment, 

SIGNIFICANCE
Due to their rarity, research on angiosarcoma patient-
derived microRNAs is very limited. To our knowledge, no 
studies have reported the clinical significance of serum 
extracellular vesicle-associated microRNAs in angiosarco-
ma patients. In this study, a differential expression analysis 
detected 73 microRNAs that were significantly upregula-
ted and 100 microRNAs that were significantly downregu-
lated in the sera of cutaneous angiosarcoma patients. Of 
these upregulated microRNAs, we identified 4 microRNAs 
as potential disease biomarkers and predicted their target 
genes and functions.
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potentially stimulating or suppressing cancer cell growth. 
These findings imply a potentially meaningful role in 
guiding both the diagnosis and prognosis of tumors (13, 
14). The progression of sarcoma is also reported to be 
regulated by miRNAs and EVs (15). However, reports 
describing the association between AS and miRNAs 
are limited. Although it was reported that miR-497-5p 
was downregulated in AS tissue and that miR-497-5p 
suppresses the expression of calcium-activated potas-
sium channel KCa3.1, contributing to the inhibition of 
AS malignancy development (16), there is currently a 
lack of information regarding the relationship between 
EV-miRNA profiles in the blood and the pathological 
conditions of AS patients. 

To investigate novel biomarkers related to the diagno-
sis or disease activity of cutaneous AS, we conducted a 
microarray-based analysis of EV-miRNAs in the serum 
of healthy controls (HCs) and patients with cutaneous 
AS. 

MATERIALS AND METHODS

Patients and blood serum samples

Blood serum samples of the patients were collected from Osaka 
University Hospital (Suita, Osaka, Japan). Serum EV-miRNAs for 
a miRNA microarray analysis were extracted from 15 cutaneous 
AS patients and 5 healthy controls (HCs) (Fig. 1a). Quantitative 
reverse transcription PCR (qRT-PCR) was performed on serum 
EV-miRNA samples from 6 of 15 AS patients, 6 patients with 
malignant melanoma (MM), and 6 HCs. The mean age of AS 
patients, MM patients, and HCs was 82.3 (range: 66–95), 68.8 
(range: 61–101), and 75 (range: 64–93) years, respectively. Four of 
the 6 angiosarcoma patients had lymph node or distant metastases. 
Six MM patients were all in advanced stages including Stage IIIC 
and Stage IV according to the AJCC, 8th edition. Six HCs had no 
history of malignancy. The details of the qRT-PCR samples used 
in this comparison are given in Table SI. To compare the activity 
levels of EV-miRNAs at the initial diagnosis and after loading a 
higher tumor burden, we collected serum samples at both times 
from 3 patients with cutaneous AS (Table SII). For a 70-year-old 
man with cutaneous AS, serum samples were collected 4 times 
(at the time of the initial diagnosis [0 months] and 10, 15, and 
16 months later). The third and fourth serum samples were collec-
ted at the terminal stage with anemia, and the patient died 12 days 
after the fourth collection. Institutional Review Board approval 
for the use of the samples was obtained from Osaka University 
Hospital. According to the Declaration of Helsinki, written infor-
med consent was obtained from all patients and healthy volunteers 
included in this study.

EV-miRNA extraction

The EV fraction from the blood serum was prepared using an 
EVAGLAXTM spin column (AGC, Tokyo, Japan). Blood serum 
was added to an EVAGLAXTM spin column and centrifuged at 4°C 
and 3000 × g for 5 min. For elution, 500 μL of Qiazol (Qiagen, 
Venlo, Netherlands) was added to the column and centrifuged 
at 4°C at 3000 × g for 5 min. The aqueous phase was collected 
by adding 99% chloroform. After the addition of 99% ethanol 
to the aqueous phase, total RNA was purified using an RNeasy 
Mini Kit (Qiagen).

miRNA microarray analysis and differential expression analysis

Extracted total EV-miRNA samples from 15 patients with AS 
and 5 HCs were subjected to a microarray analysis (3D-Gene®, 
TORAY, Tokyo, Japan). The patient profiles are shown in Fig. 1a.

A differential expression analysis of the microarray data was 
performed using an integrated web application (iDEP.94; http://
bioinformatics.sdstate.edu/idep94/, accessed 12 January 2022). 
For pre-processing, only miRNAs with values of > 100 in at least 
1 sample were kept, and missing values were treated as 0. Data 
values were subjected to logarithmic transformation, and the 
constant starting logarithm was set to 1. A heatmap was obtained 
using the 1,000 most variable genes, with the following settings: 
Distance: correlation, Linkage: average, Cutoff Z score: 4. Dif-
ferentially expressed genes were detected by the DESeq2 method. 
Adjustment for multiple testing was performed by estimating the 
false discovery rate (FDR). FDR values are shown as adjusted 
p-values (Padj). The FDR cutoff and minimum fold-change were 
set to 0.1 and 2 respectively.

Cell lines and cell culture

Commercial human umbilical vein endothelial cells (HUVEC) 
(ATCC®, Manassas, VA, USA, PCS-100-010™) and human dermal 
microvascular endothelial cells neonatal (HDMVECn) (ATCC®, 
PCS-110-010™) were cultured in vascular cell basal medium 
(ATCC®, PCS-110-030™) supplemented with an Endothelial 
Cell Growth Kit-VEGF (ATCC®, PCS-110-041™). ISO-HAS B 
supplied by the Cell Resource Center for Biomedical Research 
Institute of Development, Aging and Cancer at Tohoku University 
was cultured with Dulbecco’s Modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS). All cells were 
incubated at 37°C under 5% CO2, and the culture medium was 
changed 2–3 times per week.

qRT-PCR

cDNAs were reverse-transcribed from the samples containing 
miRNAs using the TaqMan MicroRNA Reverse Transcrip-
tion Kit (Thermo Fisher, Waltham, MA, USA). Transcriptional 
products were amplified using the TaqMan Fast Advenced  
Master Mix (Thermo Fisher). PCR and quantification were per-
formed using QuantStudio 7 (Thermo Fisher). Relative miRNA 
expression levels were calculated using the 2−ΔΔCt method. Raw 
data from serum EV-miRNAs and cell lines was normalized to 
miR-16 and RNU6B, respectively. TaqMan MicroRNA Assay for 
each cell line was performed with triplicate samples.

Statistical analysis

With the exception of the microarray analysis, all statistical analy-
ses were performed using GraphPad Prism (GraphPad Software, 
MA, USA; https://www.graphpad.com/). Standard t-tests or one-
way ANOVA and Tukey’s multiple comparison tests were used 
to assess the significance of differences in continuous variables. 
In all analyses, p-values or Padj values of < 0.05 were considered 
to indicate statistical significance.

Target gene prediction of miRNA and functional enrichment analysis

Target gene prediction of miRNAs was performed using 4 
databases (miRBD, miRWalk, TargetScan, and miRTarBase). A 
Venn diagram was used to identify the target genes that appeared 
in each database. A target gene set was created by integrating 
the target genes of the 4 key miRNAs. Functional enrichment 
analysis was performed on the target gene set of miRNAs using 
Metascape (https://metascape.org/, accessed 5 February 2024) 
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(17) and Reactome (https://reactome.org/, accessed 7 February 
2024) (18).

Protein–protein interaction (PPI) network analysis

The PPI network analysis of the target gene set of the 4 miRNAs 
was performed using STRING (version 11.0, http://string-db.
org/, accessed 15 February 2024). Cytoscape (version 3.7.1, 
https://cytoscape.org/, accessed 15 February 2024) was used for 
the visualization of PPI networks. A confidence score of 0.4 was 
used as the cutoff criterion.

RESULTS

Seventy-three upregulated miRNAs and 100 down
regulated miRNAs were detected by miRNA microarray 
analysis
To detect differentially expressed miRNAs in AS patients 
in comparison with HCs, miRNA microarray analysis was 
performed using serum EV-miRNA samples from 15 AS 
patients and 5 HCs. Sample profiles are shown in Fig. 

Fig. 1. Significantly upregulated and downregulated extracellular vesicle-associated microRNAs (EV-miRNAs) in angiosarcoma (AS) 
patients as detected by a microarray analysis. (a) Characteristics of the 15 AS patients and 5 healthy controls (HCs) included in the miRNA microarray 
analysis. (b) The gene expression levels of each sample are shown in the heatmap. (c) Seventy-three upregulated miRNAs and 100 downregulated 
miRNAs detected as differentially expressed genes. (d) Plot of the log2 fold change (Log2 FC) of upregulated and downregulated genes. (e) Volcano 
plot of upregulated and downregulated genes. (f) List of the top 15 upregulated miRNAs in AS patients shown with Log2 FC and adjusted p-value (Padj).

HC AS
(n=5) (n=15)

Age in years, mean (SD) 81.8 (4.6) 80.5 (6.5)
Range 76-89 66-95
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Rank Genes Log2 FC Padj
1 miR-5093 4.219982751 3.88 x 10-8

2 miR-3926 4.144791991 7.32 x 10-7

3 miR-5703 2.938197119 1.19 x 10-8

4 miR-1910-3p 2.741577096 1.07 x 10-4

5 miR-3925-5p 2.696481027 2.07 x 10-7

6 miR-6876-5p 2.68295175 1.26 x 10-9

7 miR-296-3p 2.572235225 1.06 x 10-9

8 miR-6859-5p 2.509660726 8.97 x 10-4

9 miR-6892-5p 2.431458735 8.46 x 10-8

10 miR-3144-5p 2.327998354 3.83 x 10-9

11 miR-6828-5p 2.319655602 9.36 x 10-7

12 miR-184 2.292039011 3.88 x 10-7

13 miR-12128 2.251865851 5.41 x 10-7

14 miR-8060 2.228765625 1.17 x 10-6

15 miR-3186-3p 2.133869347 3.00 x 10-6

f

No. Sex Age Primary 
Lesion Metastasis

AS 1 F 78 Face Neck LN
2 M 78 Head Bone
3 M 82 Head -
4 F 84 Head -
5 F 73 Unknown Bone, LNs
6 M 84 Head LNs
7 M 78 Head -
8 M 78 Head Neck LN
9 F 78 Head -
10 M 66 Head Neck LN
11 F 78 Unknown Bone, Muscle
12 M 85 Head -
13 M 89 Head Lung, Liver
14 M 81 Leg LNs
15 F 95 Head -
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1a. The distribution and density plot of transformed data 
are shown in Fig. S1. The differential expression analysis 
identified 73 differentially upregulated genes and 100 dif-
ferentially downregulated genes (Fig. 1b–e, Table SIII). 
Among the 73 miRNAs whose activity was significantly 
increased, the 15 miRNAs with the largest differences are 
shown as representative examples (Figs 1f and 2).

Serum EV-derived miR-3926, miR-5703, miR-3925-5p, 
and miR-18 were upregulated in angiosarcoma patients 
in comparison with HCs and MM patients
To confirm the results of miRNA microarray analysis, 
qRT-PCR using the TaqMan MicroRNA Assay was per-
formed on the extracted EV-miRNAs from AS and MM 
patients and HCs (n = 6 for each group). We found that 
miR-3926 (Fold Change = 4.220, Padj = 0.0415), miR-5703 

(Fold Change = 5.470, Padj = 0.0120), and miR-3925-5p 
(Fold Change = 3.418, Padj = 0.0254) were significantly 
upregulated in patients with AS in comparison with HCs 
and mir-184 tended to be more highly expressed in AS 
patients than in HCs (Fold Change = 5.614, Padj = 0.0618). 
Moreover, miR-3926 (Fold Change = 1.651, Padj = 0.3692) 
and miR-3925-5p (Fold Change = 1.571, Padj = 0.3119) also 
tended to be more highly expressed in AS patients than in 
MM patients (Fig. 3a).

The expression levels of miR-3926, miR-5703, miR-
3925-5p, and miR-184 were higher in serum collected 
after progression than in the serum collected at the 
initial visit
To compare the abundance of EV-miRNAs in serum 
collected at the initial visit and after progression, 

Fig. 2. Plot of expression levels of top 15 significantly upregulated microRNAs (miRNAs) in angiosarcoma (AS) patients. Top 15 upregulated 
serum extracellular vesicle-associated microRNAs (EV-miRNAs) detected as differentially expressed genes by a miRNA microarray analysis, in which 15 AS 
patients and 5 healthy controls were enrolled. Each EV-miRNA shown in this figure has Log2 fold change > 2 and an adjusted p-value (Padj) of < 0.0001.
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Fig. 3. Extracellular vesicle (EV)-derived miR-3926, miR-5703, miR-3925-5p, and miR-184 were upregulated in angiosarcoma (AS) 
patients. (a) Expression levels of serum EV-derived microRNA (EV-miRNA) were quantified by quantitative reverse transcription PCR using TaqMan 
MicroRNA Assays in 6 AS patients, 6 malignant melanoma (MM) patients, and 6 healthy controls (HCs). The expression levels of EV-derived miR-3926, 
miR-5703, miR-3925-5p, and miR-184 were upregulated (F value for each one-way ANOVA analysis was 3.635, 6.471, 4.350, and 1.089, respectively) 
in AS patients. In comparison with HCs, miR-3926 (Fold Change = 4.220, Padj = 0.0415), miR-5703 (Fold Change = 5.470, Padj = 0.0120), and miR-3925-
5p (Fold Change = 3.418, Padj = 0.0254) were significantly upregulated in patients with AS. (b) Expression levels of 4 miRNAs were also upregulated in 
advanced AS patients. (c) Clinical course of a 70-year-old male with cutaneous AS. Yellow arrows indicate pulmonary or hepatic metastases, respectively. 
(d) The expression levels of miR-3926, miR-5703, miR-3925-5p and miR-184 in each EV-miRNAs extraction. *Adjusted p-value (Padj) < 0.05. *p < 0.05.
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qRT-PCR using the TaqMan MicroRNA Assay was 
performed for 3 patients with AS. We found that miR-
3926 (Fold Change = 1.833, p = 0.1781), miR-5703 
(Fold Change = 1.629, p = 0.1952), and miR-184 (Fold 
Change = 1.412, p = 0.1265) tended to be more upregu-
lated in the serum collected after progression than at 
the initial visit. For miR-3925-5p (Fold Change = 1.806, 
p = 0.0407), we found a significant difference (Fig. 3b).

Serum expression levels of EV-derived miR-3926, miR-
5703, miR-3925-5p and miR-184 showed a correlation 
with the disease progress in a 70-year-old angiosarcoma 
patient
When we compared the expression of 4 miRNAs in a 
70-year-old patient with AS on the scalp, whose condi-
tion worsened, leading to death over a 16-month period 
(Fig. 3c), we found that although there were differences 
in timing, all miRNAs reached peak activity levels during 
the course of the disease, and the activity decreased in 
the final stage (Fig. 3d).

miR-3926, miR-5703, miR-3925-5p, and miR-184 were 
upregulated in an angiosarcoma cell line (ISO-HAS B) 
in comparison with normal human vascular endothelial 
cell lines (HUVEC and HDMVECn)
To investigate whether AS cells could be the source 
of miRNA production, we performed a TaqMan 
MicroRNA Assay using an AS cell line (ISO-HAS 
B) and normal human vascular endothelial cell lines 
(HUVEC and HDMVECn). The expression levels 
of miR-3926 (Fold Change = 1.86, p = 0.0474), miR-

5703 (Fold Change = 3.55, p = 0.1129), miR-3925-5p 
(Fold Change = 1.45, p = 0.1196), and miR-184 (Fold 
Change = 3.29, p = 0.0267) were elevated in ISO-HAS 
B in comparison with HUVEC. ISO-HAS B also 
showed higher expression levels of miR-3926 (Fold 
Change = 1.48, p = 0.142), miR-5703 (Fold Change = 1.99, 
p = 0.182), and miR-184 (Fold Change = 6.30, p = 0.0006) 
in comparison with HDMVECn (Fig. 4).

The gene set of predicted targets of miR-3926, miR-5703, 
miR-3925-5p, and miR-184 
We then attempted to predict the targets of miR-3926, 
miR-5703, miR-3925-5p, and miR-184 and found 41, 31, 
5, and 1 candidate genes for each miRNA, respectively, 
using online databases (Fig. 5a). The Metascape analysis 
(including GO and KEGG analyses) of these 77 predicted 
genes (1 gene, SPRY3, was shared by miR-3926 and miR-
3925-5p) revealed that the target gene set was related to 
the regulation of the expression and activity of MECP2 
(Fig. 5b). The Reactome pathway analysis also showed 
a relationship between the gene set and the regulation of 
the expression and activity of MECP2 (Fig. 5c).

TP53 is a predicted hub gene of the targets of miR-
3926, miR-5703, miR-3925-5p, and miR-184
To explore the connectivity between the 77 predicted 
target genes of the 4 miRNAs, calculations were perfor-
med using the cytoHubba application of the Cytoscape 
software program. A PPI network containing 37 nodes 
and 62 edges was obtained, and TP53 was identified as 
a hub gene (Fig. 5d).

Fig. 4. miR-3926, miR-5703, miR-3925-5p, and miR-184 were upregulated in angiosarcoma (AS) cell lines. Expression of microRNAs (miRNAs) 
in an AS cell line (ISO-HAS B) and benign human endothelial cell lines (HUVEC and HDMVECn.) were compared by quantitative reverse transcription 
PCR. ISO-HAS B showed significant upregulation of miR-5703 (Padj = 0.0078 and Padj = 0.0261, respectively) and miR-184 (Padj = 0.0214 and Padj = 0.0053, 
respectively) in comparison with HUVEC and HDMVECn (F value for each one-way ANOVA analysis was 12.14 and 14.06, respectively). ISO-HAS B also 
showed a tendency to upregulations in miR-3926 and miR-3925-5p, while the differences were not significant (F value for each one-way ANOVA analysis 
was 3.154 and 3.237, respectively). The experiment was performed 3 times with triplicate samples for each cell line. HUVEC: human umbilical vein 
endothelial cell; HDMVECn: human dermal microvascular endothelial cells neonatal. *p < 0.05, **p < 0.01.
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DISCUSSION

Cutaneous AS is known as rare skin malignancy featur-
ing severe invasiveness, metastatic potential, and high 
recurrence rate. Currently, the most widely recognized 
effective treatment for this condition is early surgical 
removal (19). We aim to use a convenient clinical blood 
test to improve diagnostic accuracy and patient survival 
rates in patients with this disease. Through a thorough 
examination of the relevant literature (20–22), we lear-
ned that certain EV-miRNAs are associated with tumor 
activity. This provides valuable information for explo-

ring new and more practical diagnostic and therapeutic 
approaches. Therefore, we believe that certain EV-miR-
NAs may serve as novel biomarkers for cutaneous AS, 
offering new insights into the diagnosis and treatment of 
the disease. However, previous studies on the relationship 
between AS and miRNAs are limited. Although there is 
a report investigating miRNAs derived from AS tissues 
(16), there are no reports on EV-miRNAs.

Therefore, we conducted a differential gene expression 
analysis of serum EV-miRNA samples between cuta-
neous AS patients and HCs. The results indicated that the 

Fig. 5. Target genes of miR-3926, miR-5703, miR-3925-5p, and miR-184 were found to be possibly related to the regulation of MECP2 and 
TP53 by a functional enrichment analysis and protein–protein interaction (PPI) network analysis, respectively. (a) Prediction of target genes 
of miR-3926, miR-5703, miR-3925-5p, and miR-184 was performed using 4 databases (miRBD, miRWalk, TargetScan, and miRTarBase). Seventy-seven 
genes were detected as target genes of 4 microRNAs (miRNAs). (b) Functional enrichment analysis by Metascape (http://www.metascape.com/) revealed 
that the regulation of the MECP2 expression and activity was significantly enriched. (c) A Reactome pathway analysis also showed that regulation of the 
MECP2 expression and activity was significantly enriched. (d) Shared PPI network diagram of 77 genes (excluding disconnected nodes in the network). 
Increasing node color and size indicate an increase in the number of interactions between genes. The lines between 2 nodes represent their correlation. 
TP53 was detected as a hub gene.
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expression of 73 miRNAs was significantly upregulated, 
while that of 100 miRNAs was significantly downregu-
lated in AS patients. This suggests that in the specific 
context of cutaneous AS, the regulatory behaviors of 
these miRNAs undergo significant changes. Because of 
technical feasibility, focusing on a preliminary analysis of 
the top 15 genes we obtained, we identified the following 
4 genes from the 15 genes as proposed biomarkers: miR-
3926, miR-5703, miR-3925-5p, and miR-184.

We confirmed by qRT-PCR that the expression of 
these 4 miRNAs obtained from the microarray analysis 
was significantly elevated in AS patients in comparison 
with HCs. Moreover, these 4 miRNAs tended to be more 
highly expressed in patients with AS than in those with 
MM. We reviewed previous reports of EV-miRNAs in 
other skin malignancies and found that they were very 
limited. We found only reports on MM (Table SIV) 
(23–27) and miR-3926, miR-5703, miR-3925-5p, and 
miR-184 have not been reported as EV-miRNAs asso-
ciated with MM. Thus, these 4 miRNAs are thought to 
be exclusively upregulated in AS patients.

We found that the expression of these 4 miRNAs was 
elevated in the advanced stage of the disease in compa-
rison with that in the early stage. Although miR-3926 
and miR-3925-5p were not statistically significant in this 
experimental setting, the expression levels of miRNAs 
were higher in the AS cell line. Thus, it is suggested that 
these miRNAs originated from AS cells and are crucial 
in regulating genetic activity in AS.

To analyze miRNAs chronologically along with 
the disease course, sera were collected 4 times from a 
70-year-old male patient. The results revealed that the 
expression levels decreased during the terminal phase 
with severe anemia. This suggests that these 4 miRNAs 
may be useful as biomarkers in the early or advanced 
stages of the disease, but not in the terminal stages. 
A possible reason for the decreased expression in the 
terminal stage could be that the ability to produce these 
miRNAs is reduced due to the decreased function of the 
organism or that these miRNAs are trapped by intense 
inflammation of the pleura, which is characteristic of AS 
metastasis; however, this remains to be clarified.

Using online databases and analysis tools, we attemp-
ted to predict the targets of these 4 miRNAs and found 
that they were significantly related to the regulation of 
the Methyl-CpG binding protein 2 (MECP2) expression 
and activity. The MECP2 gene is known as a critical 
epigenetic regulator of gene transcription (28). While 
the relationship between MECP2 and various types of 
cancer, including breast cancer, colorectal cancer, and 
pancreatic cancer, has been previously reported, the 
relevant molecular pathways varied depending on the 
cancer type (28). 

In addition, the connectivity between genes was cal-
culated using the Cytoscape software program. A set of 
77 shared genes was used to construct a PPI network, 

which consisted of 37 nodes and 62 edges. Genes with 
high connectivity are expected to play a significant role in 
cancer development. We found that the TP53 gene exhi-
bited the highest correlation. A literature review revealed 
that TP53 gene mutations have been detected in skin 
cance and, under certain conditions, TP53 gene mutations 
resemble those specific to ultraviolet radiation exposure 
(29). As for the relationship between p53 and miRNAs, 
the positive feedback regulatory network formed by p53 
and miR-34 family is well known and inhibits the growth 
and metastasis of tumor cells (30). The downregulation 
of miR-34a was reported in squamous cell carcinoma 
tissue (31). In this study, downregulation of the miR-34 
family in circulating EV-miRNAs of AS patients was not 
detected. It is also reported that breast cancer, soft tissue 
sarcoma, and bone sarcomas account for over 50% of 
tumors in carriers of TP53 mutations (32). In AS tissue, 
the deletion or mutation of TP53 was rarely detected and 
p53 protein was often immunohistochemically positive 
(33). The positivity for p53 protein is generally attributed 
to a TP53 gene mutation, but AS tissues express p53 
despite the absence of TP53 mutations on the basis of 
an unknown mechanism (33). Our present analysis sup-
poses that epigenetic, not genetic, regulation of TP53 via 
MECP2 may be underlain for p53 expression. 

In conclusion, miR-3926, miR-5703, miR-3925-5p, 
and miR-184 within circulating EV may serve as poten-
tial tumor markers of AS. We believe that further studies 
on the predicted target genes of EV-miRNAs including 
TP53 or MECP2 may lead to the development of new 
treatments for AS.
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