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Background: Exosomal miRNA had been proved as the promising biomarkers

for multiple cancers including epithelial ovarian cancer (EOC). This study aimed

to validate the diagnostic accuracy of exosomal miR-320d, miR-4479, and

miR-6763-5p for EOC.

Materials and methods: Exosomes isolated from the plasma by

ultracentrifugation were verified using TEM, qNano and western blot. MiRNAs

sequencing was used to screen out the differential exosomal miRNAs and miR-

320d, miR-4479, and miR-6763-5p were selected as candidates, which were

further verified by RT-qPCR in 168 healthy donors and 161 primary EOC

patients. Besides, the diagnostic accuracy of these three exosomal miRNAs

were evaluated using the receiver operating characteristic curve (ROC).

Results: MiRNAs sequencing revealed 95 differential exosomal miRNAs

between EOC patients and healthy donors. Subsequently, exosomal miR-

320d, miR-4479, and miR-6763-5p were significantly down regulated in EOC

patients compared with healthy controls and benign patients. More

importantly, these three miRNAs could serve as circulating diagnostics

biomarkers for EOC, possessing areas under the curve (AUC) of 0.6549,

0.7781, and 0.6834, respectively. Moreover, these three exosomal miRNAs

levels were closely associated with lymph node metastasis, meanwhile

exosomal miR-320d and miR-4479 expression was related to tumor stage.

Conclusion: Exosomal miR-320d, miR-4479, and miR-6763-5p might serve as

potential biomarkers for EOC.
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Introduction

Epithelial ovarian cancer (EOC) is the most common cause

of death from gynecological cancers (1, 2). In 2020, 207,252

women died of ovarian cancers worldwide (3). Due to the lack of

diagnostic methods with high sensitivity and specificity, most

EOC patients are not detected until the advanced stage (2).

Therefore, it is very essential to develop reliable and inexpensive

biomarkers for the diagnosis and treatment of ovarian cancer,

such as liquid biopsy by detecting platelets, circulating cells,

miRNAs, extracellular vesicles, and free DNA (cf DNA) in body

fluid (4).
Exosomes are cell-derived vesicles with a diameter of 30 to

150 nm (5), its components, including nucleic acids, proteins,

and lipids, are heterogeneous (6), and different components

reflect the type of cell that produced them and the origin of

the cell (7). Meanwhile, exosomes can mediate intercellular

communication by transferring functional mRNAs and

miRNAs. Therefore , i t exerts p le iotropic roles in

tumorigenesis, immunosuppression, metastasis, angiogenesis,

and drug resistance (8–10). Furthermore, mounting studies

had shown that exosomes not only regulate the biological

behavior of cancer but also play an important role in cancer

diagnosis, especially in early diagnosis (11), thus emerging as

promising biomarkers for cancer.
MiRNAs are endogenous short noncoding RNA (containing

about 22 nucleotides) and part of the epigenome. It can regulate

gene expression at the post-transcriptional level by binding to

the 3′untranslated regions (3′-UTRs) of the target mRNAs

(12, 13). Mounting papers had reported that miRNAs were

involved in multiple biological procedures. For example, the

miR-200 family and miR-205 regulated epithelial to

mesenchymal transition by targeting ZEB1 and SIP1 in tumor

metastasis (14). MiR-125b-5p inhibited the proliferation and

metastasis of HCC through TXNRD1 and low miR-125b-5p was

associated with poor prognosis in HCC patients (15). Under

hypoxic conditions, miR-375 can inhibit autophagy by reducing

the level of ATG7 and impairs viability of HCC cells (16).

Moreover, miRNAs can be enriched in the exosomes and are

not easy to be degraded by endogenous RNase (17). The aberrant

expression of exosomal miRNA is observed in many cancer

patients and is associated with tumorigenesis and progression

(18). This provides the possibility for exosomal miRNAs as

highly sensitive and non-invasive diagnostic biomarkers.

Recently, some studies had reported the diagnostic role of

exosomal miRNAs in cancers. For instance, the expression

level of exosomal miR-2276-5p was significantly decreased in

glioma patients as compared to non-glioma patients and glioma

patients with lower expression of exosomal miR-2276-5p were

correlated with poorer survival rates (19). MiR-5684 and miR-

125b-5p were significantly downregulated in the serum

exosomes of the NSCLC patients and can serve as promising

diagnostic and prognostic biomarkers for NSCLC (20).
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In our study, we screened differentially expressed exosomal

miRNAs between EOC patients and healthy donors by miRNA

sequencing. Consequently, miR-320d, miR-4479, and miR-

6763-5p were selected and validated their expression

differences in a large cohort. In addition, the relationship

between the levels of three exosomal miRNAs and clinical data

of EOC patients and diagnostic efficiency for EOC were

analyzed. The results showed that exosomal miR-320d, miR-

4479, and miR-6763-5p can serve as novel biomarkers for EOC.
Methods and materials

Patients and healthy donors

A total of 173 healthy donors, 166 EOC patients, and 34

benign disease patients were enrolled in this study between

January 2021 and January 2022 at the Shandong Cancer

Hospital and Institute. After plasma samples were collected,

centrifuged at 2000 ×g for 10 minutes to remove haemocytes

including red blood cells, white blood cells, and platelets, again at

12000 ×g at 4°C for 10 minutes to remove the cellular debris, and

the supernatant was retained and stored at -80°C until

ultracentrifugation. Tumor staging was performed according

to the International Federation of Gynecology and Obstetrics

(FIGO) staging system. The healthy donors did not present any

tumors or other immune and metabolic diseases. All EOC and

benign disease patients did not receive any anti-tumor treatment

and suffered from any other endocrine, immune or metabolic

diseases before peripheral blood collection. CA125 and HE4 of

EOC patients were detected by Electrochemiluminescence

(Roche e801, Basel, Switzerland). Detailed clinical data of EOC

patients are summarized in Table 1.
Plasma exosomes isolation

The plasma exosomes were isolated and collected using

ultracentrifugation as previously described (21). In short,

plasma was centrifuged at 10000×g at 4°C for 30 minutes to

remove large vesicles, followed by ultracentrifugation (Beckman

Coulter, Brea, CA, USA) at 100,000×g at 4°C for 2 hours to

precipitate exosomes. After washing with PBS, exosomes were

collected using another ultracentrifugation at 100,000×g at 4°C

for 2 hours, and then the exosomes were verified by transmission

electron microscopy, qNano and western blot.
Transmission electron microscopy

For transmission electronmicroscopy, 15ml exosomes samples

were placed on a copper grid, 50 ml 1% glutaraldehyde was fixed

on the exosomes for 5 minutes, and then the grid was cleaned with
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ddH2O for 2 minutes. Next, the grid was placed at 50 ml uranyl
oxalate droplets (pH 7, 5 min) and 50ul methylcellulose UA

droplets (10 min). A filter paper was used to draw the residual

liquids of the grid. Finally, the grid was dried in air for 5 to 10 min.

A Tecnai G2 spirit transmission electron microscope (Thermo

Fisher, Massachusetts, USA) was used to observe exosomes on

the grid.
Tunable resistive pulse sensing

The separated exosomes were diluted with PBS. The

diameter of the exosomes was measured by TRPS and on a

qNano platform (Izon Science Ltd, Christchurch, New Zealand).

The results were analyzed by Izon control suite v.3.3.2.2000

(Izon Science Ltd).
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Western blotting

Cells and exosomes were lysed by Radioimmunoprecipitation

(RIPA) lysis buffer (Beyotime, Jiangsu China) on ice for 30

minutes and then centrifuged at 12000◊g for 15 minutes to

obtain protein extracts. All protein samples were quantified by

BCA Kit according to the manufacturer’s instructions. Exosomal

or cellular protein extracts were separated by SDS-PAGE and then

transferred to the PVDF membrane (Billerica millipore,

Massachusetts, USA). The membrane was blocked with 5%

skimmed milk for 4 hours, and then incubated overnight at 4°C

with primary antibodies including anti-GM130, anti-HSP70, and

anti-CD9 (CST, Danvers, United State) and secondary antibodies

bound to HRP for 1 hour at room temperature. Ultimately, the

protein bands were visualized on photographic films using ECL

luminescent reagent (bio rad, USA).
TABLE 1 Characteristics of EOC patients for differentially expressed exosomal miR-320d, miR-4479, and miR-6763-5p.

Characteristic No. cases miR-320d miR-4479 miR-6763-5p

Median with
interquartile range

P-
value

Median with
interquartile range

P-
value

Median with
interquartile range

P-
value

Age (year)

≥59 82 -1.39 (-2.92 to 1.00) -2.19 (-3.21 to -1.27) -3.48 (-5.03 to -1.76)

<59 79 -0.97 (-3.13 to 1.34) 0.5522 -2.22 (-3.33 to -0.93) 0.9283 -4.02 (-5.80 to -1.68) 0.3231

BMI

≥24 72 -1.30 (-2.93 to 1.11) -2.23 (-3.30 to -0.75) -3.64 (-5.22 to -1.76)

<24 88 -0.94 (-3.13 to 1.20) 0.7732 -2.07 (-3.22 to -1.15) 0.3527 -3.72 (-5.32 to -1.75) 0.7152

unknown 1

Menopause

yes 119 -1.01 (-2.91 to 1.25) -2.07 (-3.21 to -0.97) -3.71 (-5.17 to -1.95)

no 40 -1.01 (-3.36 to 1.07) 0.5392 -2.23 (-3.51 to -1.37) 0.4578 -3.59 (-6.27 to -1.59) 0.6622

unknown 2

Tumor position

Unilateral 39 -1.31 (-3.69 to 0.98) -2.32 (-3.17 to -1.67) -3.38 (-5.32 to -1.68)

Bilateral 111 -0.97 (-2.85 to 1.25) 0.3948 -2.07 (-3.36 to -0.97) 0.4604 -3.87 (-5.32 to -1.76) 0.7399

unknown 11

Lymph node
metastasis

yes 83 -0.48 (-2.45 to 1.44) -1.77 (-3.02 to -0.96) -3.47 (-5.04 to -1.47)

no 65 -2.43 (-3.68 to 0.19) 0.0008 -2.59 (-3.63 to -1.75) 0.0132 -4.33 (-6.05 to -2.68) 0.0127

unknown 13

Distant metastasis

yes 37 -0.82 (-2.47 to 1.69) -1.88 (-3.35 to -1.19) -3.47 (-5.11 to -1.42)

no 102 -1.38 (-3.27 to 0.89) 0.0887 -2.23 (-3.21 to -1.10) 0.5507 -3.80 (-5.77 to -1.76) 0.8397

unknown 22

FIGO stage

I+II 18 -2.86 (-6.57 to -1.22) -3.03 (-4.39 to -2.15) -4.49 (-6.72 to -2.83)

III 63 0.00 (-2.60 to 1.11) -1.92 (-2.90 to -0.81) -3.41 (-5.32 to -1.75)

IV 66 -0.87 (-2.90 to 1.60) 0.0179 -2.06 (-3.36 to -1.35) 0.0301 -3.62 (-5.18 to -1.55) 0.1812

unknown 14
frontie
Bold values: p<0.05.
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MiRNAs sequencing and data analysis

The exosomal total RNA from 5 EOC patients and 5 healthy

donors were extracted and used to construct the library after

quality inspection and quantification, including detection of

RNA samples integrity by agarose gel electrophoresis and

determination of RNA concentration by NanoDrop. Following

cluster generation, the library was sequenced for 50 cycles using

Illumina Nextseq 500 platform (Illumina, USA). After

sequencing, raw sequencing data were subjected to the

following preliminary analyzes and processed, including

quality control, read mapping to the reference genome,

quantitative analysis of miRNAs expression, miRNAs

expression difference analysis, target gene prediction, GO and

Kyoto Encyclopedia of Genes and Genomes (KEGG)

enrichment analysis. R package (3.4.1) was used for differential

expression analysis of two conditions/groups, FC (Fold Change)

>1.5 and P<0.05 were set as the criteria for screening miRNAs.

The target genes of miRNAs were predicted using miRDB

(http://www.mirdb.org/cgi-bin/search.cgi) and TargetScan

(https://www.targetscan.org/vert_80/). GO analysis was

performed using top GO package in R environment for

statistical computing and graphics. Ingenity Pathway Analysis

was used to perform KEGG enrichment analysis.
RNA isolation and real-time PCR

Exosomal total RNA was extracted by 500 µl TRIzol reagent

(Thermo Fisher Scientific, Carlsbad, CA, USA), and then reverse

transcribed into cDNA using the Mix-X miRNA First-Strand

Synthesis Kit (Accurate Biotechnology, Hunan, China)

according to the manufacturer’s instructions. The LightCycle

480 system (Roche, Basel, Switzerland) was used to detect the

expression level of exosomal miRNAs, the reaction system

includes 2ml of cDNA template, 0.8ml of upstream and 0.8ml of
downstream primers, 6.4ml of RNase-free water, and 10ml of
SYBR-Green (Accurate Biotechnology, Hunan, China). U6 was

used as an internal control (22). The relative gene expression was

calculated using DCT (CTmiRNAs-CTU6) as previously described

(21). The primer sequences involved are listed in Table 2.
Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.0

(GraphPad Software, San Diego, CA, USA) and SPSS 25.0 (IBM,

Ehningen, Germany) software. The Kolmogorov–Smirnov test

was carried out to evaluate the normality of the data distribution.

The normally distributed numeric variables were analyzed by

parametric test, whereas non-normally distributed variables

were evaluated by Mann–Whitney test. One-way ANOVA or
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Kruskal Wallis one-way ANOVA was used to analyze

comparisons among more than two groups. The numerical

data were presented in the median and interquartile range.

The diagnostic efficiency was evaluated using the receiver

operating characteristic curve (ROC). P-value < 0.05 was

considered statistically significant difference, and all tests were

set as double-tailed.
Results

Identification of isolated plasma exosomes

Plasma exosomes from healthy donors and EOC patients

were separated using ultracentrifugation and verified by

transmission electron microscopy, qNano, and western blot.

As shown in Figures 1A, B, the typical exosome-like round

morphology with 50–150 nm diameter was observed by TEM,

which was consistent with the result of qNano. HSP70 and CD9,

as common exosome markers, were significantly enriched in

exosomes, while not detected in the cell. Moreover, GM130 (the

negative control) was only expressed in the cell but not in

exosomes (Figure 1C). These results illustrated that the

exosomes were successfully isolated using ultracentrifugation.
Exosomal miRNAs sequencing of the
EOC patients

We performed miRNA sequencing for plasma exosomes

from 5 EOC patients and 5 healthy donors. According to the set

standards of P<0.05 and >1.5-fold difference between the two

groups, 95 miRNAs (50 downregulated and 45 upregulated)

were screened (Figure 2A). Furthermore, we performed GO and

KEGG enrichment analysis for target genes of differentially

expressed miRNAs. As shown in Figures 2B, C, the target

genes of these miRNAs were mainly enriched in the regulation

of cellular process, cancer, and PI3K- Akt signaling pathway.
TABLE 2 Primers sequence involved.

Gene Sequence (5′-3′)

U6-Forward primer GGAACGATACAGAGAAGATTAGC

U6-Reverse primer TGGAACGCTTCACGAATTTGCG

miR-320d GAAAAGCTGGGTTGAGAGGAAA

miR-7977 CCCGTGCTCGGAGCAGAAAA

miR-6763-5p GGGAGTGGCTGGGGAGAAAA
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Exosomal miR-320d, miR-4479, and
miR-6763-5p were significantly down-
regulated in EOC patients

Based on primer specificity, 17 miRNAs (9 downregulated

and 8 upregulated, Table 3) were selected and verified by the

small-sample cohort (Figure S1). Finally, miR-320d, miR-4479,

and miR-6763-5p were identified and further verified in a large-

sample cohort. As shown in Figures 3A-C, the expression of

exosomal miR-320d, miR-4479, and miR-6763-5p were

significantly downregulated in EOC patients as compared to

healthy controls (P < 0.0001 for both), which was consistent with

the sequencing results. Moreover, compared with benign disease

patients, the levels of three exosomal miRNAs were also

decreased significantly in EOC patients (P < 0.0001, P < 0.001,

P < 0.0001) (Figures 3D-F). This indicated that exosomal miR-

320d, miR-4479, and miR-6763-5p have the potential to become

novel biomarkers of EOC.
Characterization of plasma exosomal
miR-320d, miR-4479, and miR-6763-5p

To confirm whether three miRNAs were specifically

distributed into exosomes, we detected the levels of three

miRNAs in exosome-depleted supernatant (EDS) and

exosomes. The results showed that the expression of three

miRNAs in exosomes was significantly higher than that in

EDS (Figure 4A). Besides, the levels of three miRNAs in

exosomes were not significantly changed upon RNase A

treatment (Figure 4B), which indicated that miRNAs

expression was stable in exosomes. In short, these results

proved that miR-320d, miR-4479, and miR-6763-5p were

included in the exosomes, which prevents miRNAs from being
Frontiers in Oncology 05
degraded by enzymes. In room temperature incubation test

(Figures 4C-E), the exosomes were incubated at different time

points, such as 0, 6, 12, 18, 24 h, and the levels of three miRNAs

did not change significantly.
Exosomal miR-320d, miR-4479, and
miR-6763-5p as biomarkers for EOC

We used ROC curves to evaluate the diagnostic efficacy of

three exosomal miRNAs for EOC. As shown in Figures 5A-C,

and Table 4, the AUC of exosomal miR-320d was 0.6549 (95%

CI: 0.596–0.714) with 35.4% sensitivity and 91.7% specificity,

the cut-off was 0.535, the AUC of exosomal miR-4479 was

0.7781 (95% CI: 0.728–0.828) with 75.8% sensitivity and

71.4% specificity, the cut-off was -3.225, and the AUC of

exosomal miR-6763-5p was 0.6834 (95% CI: 0.627–0.740)

with 75.2% sensitivity and 53.6% specificity, the cut-off was

-5.255. The combined AUC was 0.7799 with 73.3% sensitivity

and 72.0% specificity (Figure 5D). Subsequently, ROC curves

were employed to evaluate the performance of exosomal miR-

320d, miR-4479, and miR-6763-5p as biomarkers for the

diagnosis of benign disease patients . As shown in

Figures 5E-G, and Table 5, the AUCs of three exosomal

miRNAs were 0.7252 (95% CI: 0.640–0.810) with 71.4%

sensitivity and 70.6% specificity, the cut-off was -2.620,

0.6973 (95% CI: 0.588–0.807) with 58.4% sensitivity and

76.5% specificity, the cut-off was -2.455, and 0.7446 (95%

CI: 0664–0.826) with 54.0% sensitivity and 91.2% specificity,

the cut-off was -3.893, respectively. The combined AUC was

0.7421 with 65.8% sensitivity and 82.4% specificity

(Figure 5H). The above results indicated that exosomal miR-

320d, miR-4479, and miR-6763-5p can act as potential

diagnostic biomarkers for EOC.
A B C

FIGURE 1

Identification of isolated exosomes. (A) TEM image showed the data of exosomes from EOC plasma samples with 50–150 nm diameter. (B)
Distribution of exosomes with 50–150 nm diameter; the samples were obtained from EOC plasma samples based on the qNano system. (C)
HSP70, CD9, and GM130 as common exosome markers, were analyzed by western blot.
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Three exosomal miRNAs are associated
with lymph node metastasis and
tumor stage

The relationship between the expression of exosomal miR-

320d, miR-4479, and miR-6763-5p and the clinical data of EOC

patients was analyzed (Table 1). The results showed that three

exosomal miRNAs were not associated with age, BMI,

menopause, tumor position, and distant metastasis, but

associated with lymph node metastasis. As shown in

Figures 6A-C, the levels of exosomal miR-320d, miR-4479,

and miR-6763-5p were decreased in EOC patients with
Frontiers in Oncology 06
lymph-node positive as compared to lymph-node negative

(P=0.0008, P=0.0132, P=0.0127), then we evaluated the

diagnostic efficacy of exosomal miR-320d for lymph node

metastasis of EOC, the results showed that the AUC was

0.6602 (95% CI: 0.573–0.748) with 55.4% sensitivity and 70.8%

specificity (Figure S2A), the AUC of the combination exosomal

miR-320d and CA125 was 0.7127 (95% CI: 0.630–0.796) with

60.0% sensitivity and 78.1% specificity (Figure S2B), when

exosomal miR-320d, CA125, and HE4 were combined, the

AUC increased to 0.7367 (95% CI: 0.655–0.818) with 53.8%

sensitivity and 85.2% specificity (Figure S2C), this indicated that

the combination of the three can accurately discriminate EOC
A B

C

FIGURE 2

Exosomal miRNAs profile of the EOC patients. (A) A heat map was generated after supervised hierarchical cluster analysis. The differential
exosomal miRNAs expression is shown in red (upregulation) or blue (downregulation) (P < 0.05). (B). Candidate target gene GO enrichment
analysis. (C) Candidate target gene KEGG enrichment analysis.
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TABLE 3 Up-regulated and down-regulated miRNAs of EOC patients.

miRNA Fold change P-value Description

hsa-miR-1261 7.850961264 0.00711725 Up

hsa-miR-4448 4.889006818 0.027465476 Up

hsa-miR-375-3p 4.458678257 6.06615E-07 Up

hsa-miR-122-5p 3.17238141 0.004445662 Up

hsa-miR-150-5p 2.642993283 0.001967905 Up

hsa-miR-1260b 2.256746925 0.040829104 Up

hsa-miR-125a-5p 1.943079621 0.01844784 Up

hsa-miR-125b-5p 1.685793721 0.048287292 Up

hsa-miR-6763-5p 0.019332181 0.014412069 Down

hsa-miR-4479 0.027763541 0.039566672 Down

hsa-miR-6734-5p 0.258200206 0.02893196 Down

hsa-miR-21-3p 0.318825256 0.036516682 Down

hsa-miR-320c 0.42153639 0.000565457 Down

hsa-miR-320d 0.475925855 0.0044408 Down

hsa-miR-320b 0.505358273 0.005449457 Down

hsa-miR-2110 0.533465868 0.015894098 Down

hsa-miR-7706 0.612789641 0.044188002 Down
Frontiers in Oncology
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D E F

C

FIGURE 3

Plasma exosomal miR-320d, miR-4479, and miR-6763-5p are potential biomarkers of EOC. (A-C) Scatter plots comparing the exosomal miR-
320d, miR-4479, and miR-6763-5p levels in the plasma of healthy donors (n = 168) and EOC patients (n = 161) (****P < 0.0001). (D-F) Scatter
plots comparing the exosomal miR-320d, miR-4479, and miR-6763-5p levels in the plasma of EOC patients (n = 161) and benign diseases
patients (n=34) (***P < 0.001, ****P < 0.0001). HD, Healthy donor; EOC, epithelial ovarian cancer; BD, benign diseases.
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patients with positive and negative lymph nodes. Furthermore,

we analyzed the relationship between the levels of three

exosomal miRNAs and tumor stage, the results showed that

exosomal miR-320d and miR-4479 were related to tumor stage,

while miR-6763-5p was not related to tumor stage

(Figures 6D-F).
Discussion

Although the treatment of ovarian cancer has made great

progress, it is difficult to diagnose ovarian cancer, especially early

diagnosis, which can be mainly attributed to the lack of effective

biomarkers. At present, because of the advantages of

noninvasive or minimally invasive sampling and easy

operation, liquid biopsy has become a promising method of

tumor diagnosis (23). In our study, we screened out exosomal

miR-320d, miR-4479, and miR-6763-5p using miRNA

sequencing, and verified that three exosomal miRNAs were
Frontiers in Oncology 08
significantly decreased in EOC patients as compared to

healthy controls and benign disease patients, and then

evaluated the diagnostic efficiency by ROC curves. The results

suggested that exosomal miR-320d, miR-4479, and miR-6763-

5p can act as promising biomarkers for EOC.

Recently, many studies had reported that miR-320d can play

an important role in a variety of cancers. For example, miR-320d

can serve as a promising biomarker of colorectal cancer and

inhibit the proliferation and metastasis of EGFR- positive CRC

through TUSC3 (24, 25). Serum exosomal miR-320d could be a

novel noninvasive biomarker for HCC and the low level of

exosomal miR-320d was associated with poor prognosis in HCC

patients (26). Furthermore, miR-320d can inhibit KIF3C

expression by targeting METTL3 to inhibit the growth and

invasion of prostate cancer (27). MiR-320d was also

downregulated in breast cancer tissues and can be used as an

independent predictor of prognosis in breast cancer, miR-320d

and HNF1A-AS1 competitively bind SOX4 to inhibit the

progression of breast cancer (28).
A B

D

E

C

FIGURE 4

Characterization of identified three plasma exosomal miRNAs. (A) Expression levels of miR-320d, miR-4479, and miR-6763-5p from plasma
exosomes (EXO) and exosome-depleted supernatant (EDS). (B) Expression levels of both miRNAs in exosomes treated with RNase A or in
isolated RNA. (C–E) The expressions of three plasma exosomal miRNAs when incubated at room temperature (**P < 0.01, ***P < 0.001, ns, not
significant).
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In this study, we screened and verified the expression

differences of exosomal miR-320d, miR-4479, and miR-6763-

5p between the EOC patients and healthy controls. Several pieces

of evidence validated that three exosomal miRNAs have the

potential as novel biomarkers of EOC. Firstly, exosomal miR-

320d, miR-4479, and miR-6763-5p were significantly
Frontiers in Oncology 09
downregulated in EOC patients as compared to healthy

controls and benign disease patients. Secondly, the ROC

curves were calculated to assess the diagnostic performance of

three exosomal miRNAs for EOC. As a result, the AUC of

exosomal miR-320d was 0.6549 with 35.4% sensitivity and 91.7%

specificity, the AUC of exosomal miR-4479 was 0.7781 with
A B D

E F G H

C

FIGURE 5

Diagnostic role of plasma exosomal miRNAs expression levels in EOC patients. The AUCs of miR-320d (A), miR-4479 (B), miR-6763-5p (C), and
both (D) in EOC patients relative to healthy donors. The AUCs of miR-320d (E), miR-4479 (F), miR-6763-5p (G) and both (H) in EOC patients
relative to benign diseases patients. AUC, Areas under the curve.
TABLE 4 Cut-off values of exosomal miR-320d, miR-4479, and miR-6763-5p between healthy donors and EOC patients.

Optimal Youden index Sensitivity Specificity cut-off values

miR-320d 0.271 35.4% 91.7% 0.535

miR-4479 0.472 75.8% 71.4% -3.225

miR-6763-5p 0.287 75.2% 53.6% -5.255
TABLE 5 Cut-off values of exosomal miR-320d, miR-4479, and miR-6763-5p between benign diseases patients and EOC patients.

Optimal Youden index Sensitivity Specificity cut-off values

miR-320d 0.420 71.4% 70.6% -2.620

miR-4479 0.349 58.4% 76.5% -2.455

miR-6763-5p 0.452 54.0% 91.2% -3.893
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75.8% sensitivity and 71.4% specificity, and the AUC of

exosomal miR-6763-5p was 0.6834 with 75.2% sensitivity and

53.6% specificity as compared to the healthy controls.

Furthermore, the AUCs of three exosomal miRNAs were

0.7252 with 71.4% sensitivity and 70.6% specificity, 0.6973

with 58.4% sensitivity and 76.5% specificity, and 0.7446 with

54.0% sensitivity and 91.2% specificity as compared to the

benign disease patients, respectively.

Subsequently, we analyzed the association between the

expression levels of exosomal miR-320d, miR-4479, and miR-

6763-5p and the clinical characteristics of EOC patients and

found that three exosomal miRNAs were related to lymph

node metastasis and tumor stage. The levels of exosomal miR-

320d, miR-4479, and miR-6763-5p were decreased in EOC

patients with lymph node-positive as compared to lymph

node-negative, indicating that three exosomal miRNAs may

have the potential to predict lymph node metastasis. Taken

together, the current data indicated exosomal miR-320d, miR-

4479, and miR-6763-5p can act as promising biomarkers

for EOC.

Several limitations should be carefully considered in the

present study. Firstly, our results included 161 EOC patients and

168 healthy donors, the total sample sizes were small and might
Frontiers in Oncology 10
lack statistically vigorous power, more samples should be used to

further validate the results in this study. Due to the lack of

follow-up time, patient survival data could not be obtained to

analyze the prognostic value of the three exosomal miRNAs for

EOC. Besides, we also did not further study the functions and

molecular mechanisms of the three exosomal miRNAs in vivo

and in vitro.

All in all, our results revealed that the levels of exosomal

miR-320d, miR-4479, and miR-6763-5p were significantly

downregulated in EOC as compared to healthy controls and

benign disease patients, processing favorable diagnostic

efficiency for EOC. Meanwhile, the levels of three exosomal

miRNAs were related to lymph node metastasis and tumor stage

of EOC. Therefore, exosomal miR-320d, miR-4479, and miR-

6763-5p may be valuable to serve as noninvasive and effective

biomarkers for EOC.
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FIGURE 6

Association between the plasma exosomal miRNAs and the clinical data of EOC patients. (A-C) The statistical association between the levels of
exosomal miR-320d, miR-4479, and miR-6763-5p and lymph node metastasis. (D-F) The plasma exosomal miR-320d, miR-4479, and miR-6763-5p
expression in the FIGO stage. (*P <0.05, **P < 0.01, ***P < 0.001, ns: not significant). HD, Healthy donor; EOC, Epithelial ovarian cancer.
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SUPPLEMENTARY FIGURE 1

The expression levels of exosomal miRNAs in EOC patients and healthy

donors. (A)miR-375-3p (B)miR-122-5p (C)miR-150-5p (D)miR-125a-5p
(E) miR-125b-5p (F) miR-320c (G) miR-320b (H) miR-2110.

SUPPLEMENTARY FIGURE 2

Diagnostic role of plasma exosomal miR-320d for EOC patients with

lymph node metastasis. (A) The AUCs of exosomal miR-320d was 0.6602
in lymph nodemetastatic relative to non-metastatic EOC patients. (B) The
AUC for the combination of exosomal miR-320d and CA125 was 0.7127 in
lymph node metastatic relative to non-metastatic EOC patients. (C) The
AUC for the combination of exosomal miR-320d, CA125, and HE4 was

0.7367 in lymph node metastatic relative to non-metastatic EOC patients.
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