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Purpose: Renal cell carcinoma (RCC) is the most common type of kidney cancer in 
adults. Exosomes are membrane-enclosed extracellular vesicles, and exosomal RNA 
can be a biomarker for cancer diagnosis and prognosis in RCC patients. We aim to 
identify differences in miRNA expression profiles in peripheral blood exosomes 
between RCC patients and healthy subjects as well as to investigate novel markers of 
RCC.
Methods: We performed exosomal miRNA sequencing of plasma samples obtained from 
five RCC patients and five control subjects, subsequently 22 RCC patients and 16 control 
subjects were investigated using qPCR to confirm the differential miRNA which from plasma 
exosomal RNA sequencing. ROC curves were constructed to assess the diagnostic accuracy 
of exosomal miRNAs as diagnostic biomarkers of RCC.
Results: Exosomes were isolated with the exoeasy maxi kit and confirmed using TEM 
and NTA. They have a spherical structure with a diameter of approximately 40–180 nm. 
The exosomal miRNA sequence results showed that a total of 2357 miRNAs were 
detected, and 245 miRNAs were differentially expressed between RCC patients and 
healthy controls (p<0.001, average counts >5, log|fc|>1). Further analysis revealing 
that, versus the control, 17 miRNAs are up-regulated and 5 miRNAs are down- 
regulated under selection conditions with average miRNAs counts >100. qPCR was 
performed using 38 subjects—the results showed that the expression levels of hsa-mir 
-149-3p and hsa-mir-424-3p were upregulated; the expression levels of hsa-mir-92a-1-5p 
were significantly downregulated in the plasma exosomes of RCC. For diagnosis of RCC, 
the AUC of hsa-mir-92a-1-5p, hsa-mir-149-3p and hsa-mir-424-3p was 0.8324, 0.7188 
and 0.7727, with the sensitivity of 0.875, 0.750 and 0.750, and the specificity of 
0.773,0.727 and 0.818, respectively, at the best cutoff value.
Conclusion: Our study revealed that the expression levels of hsa-mir-92a-1-5p, hsa-mir 
-149-3p and hsa-mir-424-3p were significantly abnormal in RCC patients, which may be 
novel biomarkers for RCC diagnosis.
Keywords: renal cell carcinoma, exosome, miRNAs

Introduction
Renal cell carcinoma (RCC) originates from renal tubular epithelial cells and is one 
of the most common malignant tumors in the urinary system.1 Early renal cancer 
patients have no obvious symptoms, and the diagnosis mainly depends on imaging 
examinations. A population-based study showed that 21% of the patients had 
metastatic disease, and 20% of the primary non-metastatic patients had recurrent 
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diseases during a 5-year follow-up period.2 Surgical resec
tion is the only effective current cure for renal cancer.

MicroRNA (miRNA) is completely or partially com
plementary to the 3ʹ untranslated sequence (3ʹ-UTR) of 
target messenger RNA resulting in degradation or post- 
transcriptional translation inhibition of target messenger 
RNA. This regulates the expression of target gene at the 
post-transcriptional level.3 Studies have confirmed that 
there are abundant and stably expressed miRNA in 
human peripheral blood circulation, and specific circulat
ing miRNA can also be transmitted between different cells 
of exosomes.4

Exosomes are small vesicles with a diameter of 30–150 
nm, which are secreted by a variety of cells and encapsu
lated in a lipid bilayer membrane.5 Exosomes exist in 
a variety of body fluids such as peripheral blood, urine, 
and ascites. Exosomes were once considered to be cellular 
waste, but subsequent studies have gradually found that 
exosomes can carry a variety of signaling molecules and 
bioactive substances that participate in a variety of biolo
gical processes such as body immunity, intercellular com
munication, and tumor occurrence/development.6 In recent 
years, exosomes have become a research hotspot in the 
field of urological cancer such as prostate cancer and 
bladder cancer. Studies have reported abnormal expression 
of exosomal miR-210, miR-126-3p, miR-449a, miR-34b- 
5p, and miR-1233 in RCC patients.7–9 Thus, exosomal 
miRNAs might be a diagnostic biomarker in RCC patients.

Here, exosome miRNA expression profiles of periph
eral blood samples between RCC patients and healthy 
subjects were tested via high-throughput sequencing to 
determine whether exosomal miRNAs can be used as 
markers for RCC diagnosis.

Materials and Methods
Patients and Samples
RCC patients and controls were recruited from The Third 
Affiliated Hospital of Sun Yat-sen University. In the first 
stage, ten samples were used for exosomal RNA sequen
cing, which included five RCC patients and five control 
subjects. Disease information of RCC patients is shown in 
Table 1, and the control subjects came from healthy 
patients without tumors and chronic diseases. In 
the second stage, 38 subjects (16 healthy individuals and 
22 RCC) were investigated using qPCR to confirm the 
differential miRNA from plasma exosomal RNAs prior 
to receiving drug treatment. Patients were required to 

provide medical history and receive laboratory tests and 
to have a clear histological pathological diagnosis, and the 
details are shown in Table 2. The registrants in the control 
group excluded tumors, inflammation, severe heart failure 
and moderate and severe anemia, but some registrants in 
the control individuals were complicated with diabetes 
(n=2), hypertension (n=3) and coronary heart disease 
(n=3). Blood was collected from the elbow vein with an 
EDTA-K2 tube, for about 4–5mL a sample. Each sample 
was centrifuged at 3000 rpm for 10 min at 4°C to remove 
cellular debris, and the isolated plasma samples were 
stored at −80°C until RNA isolation. The study was 
approved by the Ethics Committee of the Third Affiliated 
Hospital of Sun Yat-sen University, Guangzhou, China. 
All patients and control subjects enrolled in the study 

Table 1 The Clinical Characteristics of RCC Patients Who 
Received Exocrine RNA Sequencing

No. Age Sex Metastasis Fuhrman 
Nuclear 
Grade

Histological 
Subtype

1 52 Male No II Clear cell RCC

2 49 Male No II Papillary RCC

3 70 Female No II Clear cell RCC

4 68 Female No III Clear cell RCC

5 62 Male No II Clear cell RCC

Table 2 The Clinical Characteristics of Patients Who Receive 
Exocrine PCR Test

Variables RCC 
(n=22)

Control 
(n=16)

Mean age (years) 56.1 
(40–71)

51.8 (37–68)

Sex
Male 13 (59.09%) 9 (56.25%)

Female 9 (40.91%) 7 (43.75%)

Metastasis

Yes 2 (9.10%)
No 20 (90.90%)

Fuhrman Nuclear 
Grade I 2 (9.09%)

II 11 (50.00%)

III 6 (27.27%)
IV 3 (13.64%)

Histological 
subtype Clear cell RCC 18 (81.82%)

Papillary RCC 4 (18.18%)
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provided informed consent, in accordance with the 
Declaration of Helsinki.

Exosomal RNA Extraction and 
Sequencing Library Preparation
Exosomes were isolated with the exoEasy Maxi Kit 
(QIAGEN, Catalog Number: 76064, Germantown, MD, 
USA) according to the manufacturer’s instructions. Total 
RNA was isolated from exoEasy kit columns following the 
protocol of the exoRNeasy SerumKit (QIAGEN, Catalog 
Number: 77064, Germantown, MD, USA). The RNA yield 
and size range were analyzed on an Agilent 2100 
Bioanalyzer. Extracted RNA was used to prepare miRNA- 
focused NGS libraries with QIAseq miRNA Library Kit 
(QIAGEN, Catalog Number: 331505, Germantown, MD, 
USA). The sequencing was performed on an Illumina 
NovaSeq 6000 System at the HaploX Biotechnology Co., 
LTD (Shenzhen, China). The sequencing data was ana
lyzed with the QIAseq miRNA quantification platform 
using unique molecular index counts.

ZetaView Nanoparticle Tracking Analysis 
(NTA)
Sample exosomes were analyzed for size and concentration 
using the ZetaView PMX 110 (Particle Metrix, Meerbusch, 
Germany). The exosomal sample was diluted in PBS to 
obtain a measurable concentration between 1.0x108 and 
1.0x109 particles/mL. For analysis, a monochromatic laser 
beam was applied to the diluted plasma exosomes. Software 
(ZetaView 8.02.28) analyzed the sample at a constant tem
perature to determine a final estimate of the size and 
concentration of the exosomes. The NTA settings were pre- 
optimized and remained constant between samples. The 
temperature was held between 20°C and 30°C.

Quantitative Reverse Transcription 
Polymerase Chain Reaction
Total RNA was extracted from exosomes using 
a miRNeasy kit (QIAGEN, Germantown, MD, USA) 
according to the manufacturer’s instructions. The concen
tration of microRNAs was determined before polymerase 
chain reaction. In the 20-μL reverse transcription reaction 
system, we added 2×microRNA RT solution (10 μL), 
microRNA RT Enzyme mix (2 μL) and microRNA (100 
ng). In the 20-μL PCR system, there were 2 ×microRNA 
qPCR master mix (10 μL), template DNA (2 μL), and the 
corresponding upstream and downstream primers were 0.5 

μL. Reaction conditions: 95°C for 30 s; 95°C for 5 s; 
60oC for 30 s; and 60oC for 30 s. This was repeated 40 
rounds. Data were calculated and counted using a 2−ΔCt 

value calculation and miR-16-5p for normalization. The 
primers for amplification are shown in Table 3

Sequencing Data Analysis and Statistical 
Analysis
Sequencing data were processed via a routine bioinformatics 
analysis method. FastQC package (version 0.11.3) was used to 
assess sequence length distribution and quality. Adaptor 
sequences were trimmed using Btrim, and all reads without 
adaptors or shorter than 16 bases were discarded. Reads were 
aligned in the recent version of miRBase, and mapping was 
performed using Bowtie. Principal component analysis (PCA) 
application for RNA-seq was used for exosome classification. 
Differential gene expression (DGE) analysis was performed 
with the Bioconductor Package DESeq2 (version 1.8.1). 
Hierarchical clustering, PCA, and visualization of significantly 
regulated miRNAs were carried out in the R (version 3.5.1) 
statistical language and R Studio software. Receiver operating 
characteristic (ROC) curves were constructed and the area 

Table 3 The Primers for Amplification

Gene Primer Sequences (5ʹ-3ʹ)

hsa-miR-16-5p Forward TAGCAGCACGTAAATATTGGCG
Reverse TGCGTGTCGTGGAGTC

hsa-miR-149-3p Forward CATCCTTTCTGGCTCCGTGT
Reverse GCGTGATTCGTGCT CGTATATC

hsa-miR-424-3p Forward CGC AAAACGTGAGGCGCT
Reverse CCAGTGCAGGGTCCGAGG

hsa-miR-92a-1-5p Forward GCCCAATCAAACTGTCCTGT
Reverse CAATCCCCACCAAACTCAAC

hsa-miR-21-5p Forward GGCAGCCTAGCTTATCAGACT
Reverse GTGCAGGGTCCGAGGTATTC

hsa-miR-29a-3p Forward CGGATCCATGGTTAAAGAGCCC
Reverse AGCTTTCAGTATAACCATTCATG

hsa-miR-342-3p Forward AGAGGTGTCTGGTGACTGAAC
Reverse GCTGGAGAAGGCGTGTTC

hsa-miR-885-3p Forward GCTGGAGAAGGCGTGTTC

Reverse CTCCAGCTGGGAGGCAGC

hsa-miR-211-5p Forward GATGCTGTAATGGATGATATGA

Reverse ATTGGAACGATACAGAGAAGA

hsa-miR-663a Forward AGGCGGGGCGCCGCGG

Reverse GTGCAGGGTCCGAGGT
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under the ROC curve (AUC) was computed to assess the 
diagnostic power of plasma exosomal miRNAs. P<0.05 was 
indicated a statistically significant difference.

Results
Characterization of Isolated Exosomes
The successful extraction of exosomes is an important pre
requisite for analyzing the characteristics of exosomal 
miRNA expression. Therefore, we used NTA to determine 
the size and concentration of exosomes. As shown (Figure 1), 
the diameters of plasma exosomes were 50 nm to 200 nm. 
The concentration of exosomes was 7.2 × 1010cells/mL. 
(This figure shows the result of 1000-fold dilution).

Exosomal miRNA Profiling
We performed plasma exosomal miRNA profiling for five 
patients with RCC and five matched healthy controls. Each 
microRNA expression level (counts) was determined. The 
integrated Unique Molecular Indices (UMIs), which is packed 
in the QIAseq miRNA Library Kit, enabled quantification of 
individual miRNA molecules. The UMIs tag each miRNA 
during the miRNA library construction stage eliminating PCR 
and sequencing bias. The integrated data analysis is available 
through GeneGlobe for miRNA mapping, data analysis, and 
differential expression analysis. PCA analysis was performed, 
and the presented variance was analyzed by PC1 and PC2 at 
45.03% and 11.57%, respectively. These accounted for a total 
of 56.6% of the total variance (Figure 2A).

The content and distribution of microRNA in exosomes 
differs greatly from that in cells. A total of 2357 miRNAs 
were detected. We removed the low average expression of 

microRNAs, and 740 miRNAs average counts >5. 
Differential expression of miRNAs was performed using 
740 miRNAs, and the results revealed that 245 miRNAs 
were differentially expressed between RCC patients and 
healthy controls (P<0.001, log|FC|>1) with 140 miRNAs 
being up-regulated and 105 miRNAs down-regulated in 
RCC (Figure 2C). A volcano plot shows up-regulated and 
down-regulated miRNAs (Figure 2B) Considering the abun
dance of miRNAs in the exosomes, setting the selection 
condition to have average counts that are >100 caused 22 
miRNAs to be filtered out with 17 miRNAs up-regulated 
and five miRNAs down-regulated (Figure 2D).

GO Enrichment Annotation Analysis and 
KEGG Enrichment Pathway Analysis
After screening for the miRNAs, many of them were found 
to have functional genes closely related to RCC, and the 
miRNAs that regulate these functional genes also were 
found to contain the differentially expressed miRNAs pre
viously found. Target genes corresponding to differentially 
expressed miRNAs (P<0.001, log|FC|>1) were predicted by 
starBase, and we performed GO enrichment analysis on all 
differentially expressed miRNA using DAVID. The target 
miRNAs have a wide range of biological functions. GO 
enrichment results showed that upregulated miRNAs were 
the most significant enrichment term in GO:0003713, 
GO:0001077, GO:0001228, GO:0004674, GO:0000982, 
GO:0005667, and GO:0031252 (Figure 3A). The downre
gulated miRNAs were the most significant enrichment term 
in GO:0001228, GO:0004842, GO:0019787, GO:0004674, 
GO:0000982, GO:0005667 (Figure 3B). The KEGG 

Figure 1 Characterization of isolated exosomes. (A) Nanoparticle tracking analysis (NTA) of exosomes. The x-axis indicates the size distribution of particles and the y-axis 
shows the relative counts in NTA. The size distribution of exosomes ranges from approximately 50 nm to 200 nm in diameter with a peak of 140 nm that represents the 
mode size of exosomes. (B) Video capture of recorded exosome movements.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 10768

Xiao et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


annotation analysis for upregulated miRNAs in RCC indi
cated hsa05215 in prostate cancer, hsa05131 in Shigellosis, 
hsa04550 as a signaling pathway regulating pluripotency of 
stem cells, hsa05100 for bacterial invasion of epithelial cells, 
hsa04360 in axon guidance, and hsa04390 in hippo signaling 
pathways were involved (Figure 3C). The KEGG pathway 
analysis revealed that those downregulated miRNAs were 
significantly enriched in multiple pathways involved in 
hsa04550, hsa05211 in renal cell carcinoma, hsa05205 for 

proteoglycans in cancer, hsa04722 in neurotrophin signaling 
pathways, hsa04390, as well as hsa04350 for TGF-beta 
signaling pathways (Figure 3D).

Validation of Differentially Expressed Plasma 
Exosomal miRNAs by qPCR Analysis
We selected miRNAs with less than 1000 numbers from 
the differential genes for PCR verification, and qPCR was 
performed in 38 subjects (16 healthy individuals and 22 

Figure 2 (A) PCA analysis was performed and the presented variance is analyzed by PC1 and PC2; the results suggest that the two groups have significant difference and 
clustering effects. Heat map analysis of differential 245 miRNAs (P<0.001, average counts >5, log|FC|>1). (B). Volcano plot of differentially expressed miRNAs in patients 
with RCC and healthy individuals. Plotted along the x-axis is the mean of the log2 fold-change and the y-axis is the negative logarithm of the -log P-values. Red points 
represent significantly upregulated miRNAs, and green points represent significantly downregulated miRNAs with a >2.0-fold change. (C) The process of miRNA selection. 
Finally, we screened 22 miRNAs for further analysis. (D) Comparison of the expression of selected miRNAs in RCC and control groups.
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RCC patients). Nine differentially expressed miRNAs 
were analyzed by qPCR, and five had significant differ
ences (P<0.05) versus those in healthy individuals. The 
expression levels of hsa-miR-149-3p and hsa-miR-424-3p 
were found to be upregulated, and the expression levels of 
hsa-miR-92a-1-5p were significantly downregulated in the 
plasma exosomes of RCC. The expression levels of hsa- 
miR-21-5p, hsa-miR-29a-3p, hsa-miR-342-3p, and hsa- 
miR-885-3p were not significantly changed (Figure 4).

The Diagnostic Value of Plasma Exosomal 
miRNAs for RCC
The area under the ROC curve can evaluate the accuracy 
of a diagnostic method. In this study, ROC curves were 

constructed to assess the diagnostic accuracy of plasma 
exosomal miRNAs as plasma tumor markers. We per
formed ROC curve analysis on nine different miRNAs. 
The results showed that the AUCs of the 9 miRNAs 
ranged from 0.6264 to 0.8324. The AUC of hsa-miR 
-92a-1-5p was the highest at 0.8324. At the optimal cutoff 
value, hsa-miR-92a-1-5p offered 87.5% specificity and 
77.3% sensitivity; its diagnostic accuracy is better than 
other miRNAs. The hsa-miR-424-3p also offered a high 
AUC value of 0.7727 with 75.0% specificity and 81.8% 
sensitivity. Detailed ROC results are shown in Figure 5.

Discussion
Exosomes are sub-vesicle structures secreted by various 
cells in the body that carry a variety of protein and nucleic 

Figure 3 GO enrichment annotation and KEGG enrichment pathway analyses of differential expressed exosomal miRNAs. The enrichment P values were calculated by 
Fisher’s exact test. The terms in the vertical axis were drawn according to the enrich factor value in descending order. Different colors represent the FDR value. Different 
sizes of the shapes represent the gene count number in a GO term or KEGG pathway. (A) GO terms for upregulated exosomal miRNAs in RCC compared to control. (B) 
GO terms for downregulated exosomal miRNAs in RCC compared to control. (C) KEGG enrichment pathway for upregulated exosomal miRNAs in RCC compared to 
control. (D) KEGG enrichment pathway for downregulated exosomal miRNAs in RCC compared to control.
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acid substances derived from cells. These structures can be 
easily obtained from peripheral blood and other body 
fluids and are used for tumor diagnoses.10 Many studies 
have reported that miRNAs are contained in exosomes 
involved in the occurrence of cancer. They can be used 
as a biomarker for cancer diagnosis. Fabbri et al11 found 
that miRNAs in lung cancer-derived exosomes promote 
tumor cell growth and metastasis by triggering Toll-like 
receptors. Zhou et al12 found that exosomes mediate the 
secretion of miR-105 from tumor cells that effectively 
disrupt the tight junction and integrity of the natural bar
rier in the vascular endothelial cell layer; these natural 
barriers can counter the metastasis of tumor cells. 
Another study found that the expression level of plasma 
exosome miR-141 is increased in prostate cancer patients 
and is expected to be a molecular diagnostic marker for 

prostate cancer.13 Of course, studies on exosomes and 
RCC have also been reported, involving mechanistic 
research and disease diagnosis. Lindoso et al14 found that 
exosomes derived from a RCC not only affect cells in the 
tumor microenvironment but also cells distant cells. Diao 
et al15 reported that RCC-derived exosomes are rich in 
Hsp70 and that Hsp70 promotes the immunosuppressive 
activity of myeloid-derived cells against the body by indu
cing the release of pro-inflammatory cytokines and tumor 
growth factors—this promotes tumorigenesis. This insight 
provides a new target for future research in cancer therapy.

In this study, we determined differentially expressed exo
somal miRNAs between the RCC and control groups, and the 
distribution of these differentially expressed exosomal 
miRNAs was visualized in volcano plots. We excluded 
miRNAs with low expression and identified 22 differential 

Figure 4 qRT-PCR was used to explore the expression of the 9 selective miRNAs in plasma exosomes. The values were normalized to miR-16-5p. The experiments were 
repeated three times. A P-value was shown in each picture compared with negative controls. The results showed that hsa-miR-149-3p and hsa-miR-424-3p were 
upregulated, and the expression levels of hsa-miR-92a-1-5p was significantly downregulated in the plasma exosomes of RCC. The expression levels of hsa-miR-21-5p, hsa- 
miR-29a-3p, hsa-miR-211-5p, hsa-miR-342-3p, hsa-miR-663a, and hsa-miR-885-3p were not significantly changed.
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miRNAs. We subsequently performed qRT-PCR verification 
on 9 miRNAs including hsa-miR-149-3p, hsa-miR-424-3p, 
hsa-miR-92a-1-5p, hsa-miR-21-5p, hsa-miR-29a-3p, hsa- 
miR-211-5p, hsa-miR-342-3p, hsa-miR-663a, and hsa-miR 
-885-3p. The results revealed that exosomal hsa-miR-149-3p 
and hsa-miR-424-3p were upregulated, and the expression 
levels of exosomal hsa-miR-92a-1-5p were significantly 
downregulated in the plasma exosomes of RCC. The ROC 
analysis showed that the AUC of hsa-miR-92a-1-5p was 
0.8324 with 87.5% specificity and 77.3% sensitivity at the 
optimal cutoff value; the hsa-miR-424-3p yielded a high 
AUC value of 0.7727 with 75.0% specificity and 81.8% 
sensitivity. Other miRNAs do not have satisfactory sensitiv
ity and specificity with AUC values of 0.6264 to 0.7188. For 
example, miR-92a is one of the most studied miR-17-92a 
gene clusters and plays an important role in modulating 
physiological processes. Some studies have shown that 
miR-92a can promote cell proliferation by negatively regu
lating the p53 subtype, and it can also regulate apoptosis. 
Obviously, miR-92a may have the characteristics of 

oncogenes—a study found that the proliferation of hepato
cellular carcinoma-derived cell lines was enhanced by miR- 
92a and inhibited by the anti-miR-92a antagomir.16 

Experimental studies also found that miR-92a can promote 
the cell activity and proliferation of liver cancer cells, distant 
metastasis, and tumor development.17,18 MiR-92a can also 
reduce the expression of E-cadherin and increase the expres
sion of vimentin indicating that it can promote the develop
ment of EMT process.19 However, there are few reports on 
the study of exosomal miR-92a. In this project, miRNA 
sequencing and qPCR showed that the miR-92a derived 
from peripheral blood exosomes in patients with RCC was 
lower than that in the control group. It could be used for the 
diagnosis of RCC. We speculate that the content and type of 
miRNA in exosomes must be different from their mother 
cells, and there are significant differences in exosomal 
miRNAs in different tumors. The miR-424 has important 
effects on cell differentiation, proliferation, cycle, migration, 
and angiogenesis, and the above-mentioned disorders of cell 
function are often an important part of tumorigenesis and 

Figure 5 ROC analysis for distinguishing RCC cases from controls using plasma exosomal miRNAs.
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malignant process.20 Studies have shown that there is abnor
mal expression of miR-424 in a variety of tumor tissues, and 
abnormal expression in chronic lymphocytic leukemia,21 

breast cancer,22 ovarian cancer,23 and cervical cancer.24 

This study found that exosomal hsa-miR-424 has diagnostic 
value in RCC suggesting that exosomal hsa-miR-424 has 
a direct or indirect relationship with the occurrence and 
development of RCC exosomal hsa-miR-424.

However, our research has several limitations. The 
molecular mechanism of different histological RCC sub
type may be different, and so the circulating exosomes 
may be different. In this study, a small number of cases 
were included in the screening stage, with 4 Clear cell 
RCC and 1papillary RCC. In the validation stage, most 
cases were Clear cell RCC, which could not fully reflect 
the real situation of RCC. If the study focused on the 
subtype of clear cell RCC at the initial stage of design 
and included more cases, the conclusion will be more 
convincing. In addition, this study did not further analyze 
exosomal miRNAs and clinical information, which is one 
of the shortcomings of this study. In addition, the inclusion 
of the control group should also be more rigorous, in order 
to make the conclusion more solid.

In conclusion, this exosome sequencing project found 
abnormal expression of hsa-miR-149-3p, hsa-miR-211-5p, 
hsa-miR-424-3p, hsa-miR-663a, and hsa-mi-92a-1-5p in 
RCC. The ROC curve analysis revealed that plasma exo
some hsa-mi-92a-1-5p, hsa-miR-149-3p, and hsa-miR 
-424-3p could be used as promising biomarkers for detect
ing RCC. However, further validation using a larger cohort 
is needed to confirm the results of our study.
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