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Identification of dysregulated serum miR-508-3p and miR-885-5p
as potential diagnostic biomarkers of clear cell renal carcinoma
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Abstract. Clear cell renal cell carcinoma (ccRCC), the most
common subtype, accounts for approximately 80% of all RCC
cases. ccRCC patients typically present with an advanced stage
at the time of diagnosis resulting in a poor patient prognosis.
The present study aimed to identify novel potential microRNAs
(miRNAs or miRs) in peripheral blood as biomarkers for
the detection of ccRCC. Candidate miRNAs were selected
through integrated analysis of the Gene Expression Omnibus
(GEO) database, The Cancer Genome Atlas (TCGA) database,
and from clinical samples. The expression levels of miRNAs
were quantified using reverse transcription-quantitative PCR.
Receiver operating characteristic (ROC) curve analysis was used
to explore the diagnostic values of the miRNAs. Bioinformatic
analysis of candidate miRNAs was conducted by using the
STRING database. After an integrated analysis of the GEO
and TCGA databases, four miRNAs were found to be consis-
tently dysregulated in ccRCC tissues. Then, their expression
levels in serum and diagnostic utilities were further explored.
We discovered that serum miR-508-3p and miR-885-5p were
significantly dysregulated in ccRCC patients with marked diag-
nostic values. The area under the ROC curve (AUC) of serum
miR-508-3p and miR-885-5p was 0.80 (95% CI, 0.73-0.87) and
0.87 (95% CI, 0.79-0.95), respectively. Functional enrichment
analysis revealed that both miR-508-3p and miR-885-5p were
closely associated with cellular metabolic processes. In conclu-
sion, serum miR-508-3p and miR-885-5p are novel potential
biomarkers for the diagnosis of ccRCC.
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Introduction

Renal cell carcinoma (RCC), one of the most prevalent urological
malignancies (1), was responsible for 175,098 tumor-related
deaths worldwide in 2018 (2). Even worse, the incidence of RCC
has increased in the past two decades (3). Clear cell renal cell
carcinoma (ccRCC) is the most common histological and molec-
ular subtype accounting for ~80% of all RCC cases (4). Owing
to the obscure symptoms, high invasiveness and high mortality
associated with ccRCC, 33% of ccRCC patients present with
metastasis at the time of diagnosis, which limits the possibility
of surgical intervention (5,6). Thus, there is an urgent need to
identify novel biomarkers for the early detection of ccRCC.

MicroRNAs (miRNAs or miRs) are a class of single-stranded
noncoding RNAs (20 to 24 nucleotides in length). miRNAs
can elicit either degradation or translational inhibition of target
mRNAs by directly binding to the 3'-untranslated region (3'UTR)
of targets (7). Dysregulated miRNAs have been demonstrated
to influence multiple processes in cancer cells, such as prolif-
eration, migration and chemoresistance (8-10). Recently, several
investigations found that differentially expressed miRNAs in
cancer cells could also affect the steady abundance of stable
miRNAs in the peripheral blood (11,12). These findings indi-
cate the potential role of circulating miRNAs as diagnostic
biomarkers for various types of cancers. Plasma miR-21 and
miR-222 were found to be markedly elevated in patients with
gastric cancer and may serve as potential diagnostic biomarkers
of gastric cancer (13). Furthermore, Sun ef al discovered that the
expression of serum miR-30a-5p was significantly downregu-
lated in patients with colorectal cancer compared with healthy
people and serum miR-30a-5p may act as a novel biomarker for
the diagnosis of colorectal cancer (14). In ccRCC, despite reports
that miR-144-3p, miR-126, miR-499a, miR-224 and miR-141
in peripheral blood are potential diagnostic biomarkers, these
miRNAs were found to lack a high diagnostic accuracy, nor
were detected in large sample sizes (15-17).

In the present study, several miRNAs were selected that
were found to be consistently dysregulated in ccRCC tissues
through integrated analysis of the Gene Expression Omnibus
(GEO) database and The Cancer Genome Atlas (TCGA) data-
base and their expression levels in serum samples of ccRCC
patients were further explored. We identified dysregulated
serum miR-508-3p and miR-885-5p as novel potential diag-
nostic biomarkers for ccRCC.



5076

Materials and methods

Study design. Our study encompassed four phases. First,
the miRNA profiles in the GEO and TCGA databases were
analyzed and four miRNAs consistently dysregulated in both
databases were identified. Then their expression levels were
tested in the serum of ccRCC patients by using a small set
of samples, and their diagnostic value to differentiate ccRCC
patients from healthy individuals was assessed. Next, we
selected miR-508-3p and miR-885-5p whose diagnostic values
were high as candidate miRNAs, and further verified their
expression and diagnostic utility in an independent cohort.
Finally, considering the regulatory mechanisms of miR-508-3p
and miR-885-5p remained elusive, a bioinformatic analysis of
both miRNAs was performed to briefly reveal their biological
functions.

Enrolled participants. All participants were enrolled at the
Shanghai Putuo District Liqun Hospital. A diagnosis of ccRCC
was confirmed after histopathological analysis of the surgical
resected tumors. None of the patients recruited in this study
received chemotherapy or radiation therapy before peripheral
blood collection. Age- and sex-matched healthy controls (HCs)
were selected from those individuals who took part in a routine
physical examination. Written informed consent was obtained
from each patient and HC individual. This study was approved
by the Research and Ethics Committee of Shanghai Putuo
Liqun District Hospital.

Sample processing. After centrifugation of peripheral
venous blood at 2,860 x g for 10 min, serum was collected
and subsequently stored at -80°C. Total RNA was isolated
from 250 pl serum using traditional TRIzol® LS reagent
(Invitrogen/Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. An aliquot of 1 ul cel-miR-39-3p
(Guangzhou RiboBio Co., Ltd.) at a concentration of 1 xM was
added to each sample to act as the external reference during
RNA isolation.

Reverse transcription-quantitative polymerase (RT-q) PCR
for miRNA quantitation. Reverse transcription and RT-qPCR
for miRNAs and external reference miR-39 were conducted
using a Hairpin-it microRNA RT-PCR Quantitation kit
(GenePharma) according to the manufacturer's protocol. The
reactions were initiated with denaturation at 95°C for 3 min,
followed by 40 cycles of 95°C for 15 sec and 62°C for 34 sec.
The relative expression of miRNA was calculated using the
2-244¢4 method (18). miRNAs with loglFCl >1 and P<0.05 were
regarded as dysregulated miRNAs.

Bioinformatic analysis. The significantly dysregulated
miRNAs in the GEO or TCGA databases were calculated
by using GEO2R (http:/www.ncbi.nlm.nih.gov/geo/geo2r/),
an online analysis tool and edgeR package in R language,
respectively. The potential targets of miRNAs were identified
by integrated analysis of the public bioinformatic algorithms
TargetScan (http:/www.targetscan.org/) and miRDB (mirdb.
org). The functional enrichment analysis which contains
molecular functions (MF), biological processes (BP) and
cellular components (CC) was conducted in STRING
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Table I. Clinical characteristics of the participants in the study
cohort.

Characteristics HCs (n=35) ccRCC patients (n=85)
Age (years)

<60 17 41

>60 18 44
Sex

Male 19 45

Female 16 40
T stage

T1+T2 63

T3+T4 22
N stage

NO+NX 78

N1 7
M stage

MO+MX 67

M1 18
Grade

G1+G2 46

G3+G4 39
TNM stage

I+11 61

II+1V 24

HCs, healthy controls; ccRCC, clear cell renal cell carcinoma.

(https://string-db.org/). The pathway analysis was conducted
using the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway database (https://www.genome.jp/kegg/pathway.
html).

Statistical analysis. Statistical analysis was performed using
SPSS 22.0 (IBM Corp.) and GraphPad Prism 8.0 software
(GraphPad Software, Inc.) using the Student's t-test, and
Chi-square test. The receiver operating characteristic (ROC)
curve was performed to evaluate the utility of miRNAs as a
diagnostic biomarker of ccRCC. Cut-off values of the relative
expression of miRNAs were determined using the Youden
index from the ROC curves. A P-value <0.05 was considered
to indicate statistical significance.

Results

Analysis of the dysregulated miRNAs in ccRCC based on
the GEO and TCGA databases. After searching the GEO
database using the keywords ‘miRNA’ and ‘ccRCC’, we
found two GEO datasets [GSE109368 and GSE116251 (19)]
that met our criteria. GSE109368 contains 12 paired ccRCC
tissues and adjacent normal tissues (ANTs). The platform
for GSE109368 analysis was the Illumina NextSeq 500
(GPL18573). GSE116251 contains 18 paired ccRCC tissues
and ANTs. The platform for GSE109368 analysis was the
NanoString nCounter miRNA Expression Panel (GPL25243).
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Figure 1. Analysis of dysregulated miRNAs in ccRCC based on the GEO and TCGA databases. GEO, Gene Expression Omnibus; TCGA, The Cancer Genome

Atlas; NC, non-cancerous tissues; ccCRCC, clear cell renal cell carcinoma tissues.

As shown in Fig. 1, 82 upregulated miRNAs and 122 down-
regulated miRNAs were found in GSE109368. In GSE116251,
4 upregulated miRNAs and 41 downregulated miRNAs were
found. Furthermore, after analyzing the ccRCC dataset in the
TCGA database, 8 upregulated miRNAs and 7 downregulated
miRNAs were discovered by using R studio. Subsequently, we
assembled these miRNAs to derive their intersection. It was
found that miR-141-3p, miR-508-3p, miR-885-5p and miR-592
were consistently dysregulated (Fig. 2).

Differentially expressed miRNAs examined in a small set of
serum samples. The expression levels of serum miR-141-3p,
miR-508-3p, miR-885-5p, and miR-592 were examined in a
small set of ccRCC patients (n=10) and healthy controls (HCs)
(n=10). Serum miR-141-3p and miR-508-3p expression levels
were significantly downregulated in ccRCC compared with
that in the HCs. In contrast, serum miR-885-5p and miR-592
expression levels were significantly upregulated in ccRCC
compared with that in the HCs (Fig. 3A). ROC analysis revealed
that circulating miR-141-3p, miR-508-3p, miR-885-5p, and
miR-592 could discriminate ccRCC patients from HCs with
an area under the ROC curve (AUC) value of 0.73 [95% confi-
dence interval (CI): 0.57-0.90], 0.86 (95% CI: 0.72-1.0), 0.91
(95% CI: 0.82-1.0), and 0.78 (95% CI: 0.61-0.95), respectively
(Fig. 3B). Considering the markedly high diagnostic utility
of miR-508-3p and miR-885-5p, we further investigated

their potential to be used as diagnostic biomarkers of ccRCC
subsequently.

Validating the expression levels of miR-508-3p and
miR-885-5p in an independent cohort. The clinical
characteristics of participants in the cohort (n=120) are
summarized in Table I. There were no statistically signifi-
cant differences in age and sex between ccRCC patients
and HCs. As shown in Fig. 4A, when compared with HCs,
serum miR-508-3p levels showed a significant decrease in
patients with ccRCC, while serum miR-885-5p expression
was significantly elevated in ccRCC patients. ROC analysis
revealed that circulating miR-508-3p and miR-885-5p could
discriminate ccRCC patients from HCs with AUC values
of 0.80 (95% CI: 0.73-0.87) and 0.87 (95% CI: 0.79-0.95),
respectively (Fig. 4B). Since a combination of miRNAs
could improve the diagnostic accuracy, we calculated the
combination factor of serum miR-508-3p and miR-885-5p
by using SPSS software and tested its diagnostic value.
The combination of miR-508-3p and miR-885-5p markedly
differentiated ccRCC patients from HCs with an AUC value
of 0.90 (95% CI: 0.84-0.96) (Fig. 4B). Moreover, 85 ccRCC
patients were divided into a high group (n=42) and a low
group (n=43) according to the median value of miR-508-3p
or miR-885-5p expression. The Chi-square test showed that
serum miR-508-3p expression was significantly correlated
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Figure 2. miRNAs consistently dysregulated in GSE109368, GSE116251 and TCGA database. TCGA, The Cancer Genome Atlas; ANT, adjacent normal

tissues; ccRCC clear cell renal cell carcinoma tissues.

with T stage (P=0.004), metastasis (P=0.009), Fuhrman
grading (P<0.001) and TNM stage (P=0.005); serum
miR-885-5p expression was significantly correlated with T
stage (P<0.001) and Fuhrman grading (P=0.013) (Table II).

Functional enrichment and pathway analysis of miR-508-3p
and miR-885-5p. Previous analysis based on GEO and TCGA
databases revealed that both miR-508-3p and miR-885-5p
were significantly dysregulated in ccRCC tissues which means
miR-508-3p and miR-885-5p may play important roles in the
development and progression of ccRCC. Considering that the
regulatory mechanisms of miR-508-3p and miR-885-5p have
not been reported in ccRCC, they were analyzed using bioin-
formatics. As shown in Fig. 5A, 375 genes and 381 genes

were identified as targets of miR-508-3p and miR-885-5p,
respectively. Importantly, functional enrichment analysis
showed that both targets of miR-508-3p and miR-885-5p
were mainly located in the nucleus and were significantly
enriched in positive regulation of metabolic processes. In
the MF category, miR-508-3p and miR-885-5p were signifi-
cantly associated with nucleic acid binding. We hypothesized
that abnormal metabolic processing may contribute to the
progression of ccRCC (Fig. 5B). KEGG analysis revealed
that miR-508-3p was significantly associated with renal cell
carcinoma (RCC), inositol phosphate metabolism, regulation
of the actin cytoskeleton as well as pathways in cancer and
that miR-885-5p may regulate ccRCC through the Hippo and
Wnt signaling pathways (Fig. 5C).
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Table II. Association between serum miR-558-3p and miR-885-5p and clinical characteristics of the ccRCC patients.
miR-508-3p miR-885-5p
Characteristics High Low P-value High Low P-value
Age (years)
<60 22 19 19 22
>60 20 24 045 23 21 0.58
Sex
Male 24 21 22 23
Female 18 22 0.44 20 20 0.89
T stage
T1+T2 37 26 24 39
T3+T4 5 17 0.004 18 4 <0.001
N stage
NO+NX 39 39 37 41
N1 3 4 0.71 5 2 0.22
M stage
MO+MX 38 29 30 37
M1 4 14 0.009 12 6 0.086
Fuhrman grading
G1+G2 31 15 17 29
G3+G4 11 28 <0.001 25 14 0.013
TNM stage
I+1I 36 25 27 34
I+1v 6 18 0.005 15 9 0.13
ccRCC, clear cell renal cell carcinoma. P-values in bold print indicate statistically significant differences.
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Figure 3. Differentially expressed miRNAs examined in a small set of serum samples. (A) Expression of miR-141-3p, miR-508-3p, miR-885-5p, and miR-592 in
the serum of ccRCC patients compared to HCs. (B) The ROC curves of serum miR-141-3p, miR-508-3p, miR-885-5p, and miR-592 to differentiate ccRCC patients
from HCs. HCs, healthy controls; ccRCC, clear cell renal cell carcinoma tissues; ROC, receiver operating characteristic; AUC, area under the ROC curve.
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Figure 4. Validation of the expression of miR-508-3p and miR-885-5p in an independent cohort. (A) Expression of miR-508-3p and miR-885-5p in the serum of
ccRCC patients compared to HCs. (B) ROC curves of serum miR-508-3p, miR-885-5p, and their combination to differentiate ccRCC patients from HCs. HCs,
healthy controls; ccRCC, clear cell renal cell carcinoma tissues; ROC, receiver operating characteristic; AUC, area under the ROC curve.

Discussion

In the present study, it was discovered that serum miR-508-3p
and miR-885-5p expression was significantly dysregulated
in clear cell renal cell carcinoma (ccRCC) compared to that
noted in the healthy controls (HCs). Serum miR-508-3p and
miR-885-5p discriminated ccRCC patients from HCs with
marked diagnostic utility. Moreover, bioinformatic analysis
based on the GEO and TCGA databases revealed that although
miR-508-5p expression was downregulated while miR-885-5p
expression was upregulated in ccRCC tissues, both miRNAs
may promote the development and progression of ccRCC by
regulating cellular metabolic processes.

The search for abnormally expressed circulating miRNAs
as diagnostic biomarkers has been widely reported for various
types of cancers, including ccRCC (17,19-21). Tan et al
reported that serum miR-199a expression was reduced in
patients with colorectal cancer and was significantly associ-
ated with poor patient prognosis. Serum miR-199a may be
used for diagnosing colorectal cancer (22). Guo and colleagues
found that the serum level of miR-1915-3p was significantly
upregulated and miR-455-3p was significantly downregulated
in breast cancer patients compared with healthy volunteers.
ROC analysis suggested that miR-1915-3p and miR-455-3p
are promising serum diagnostic and predictive biomarkers of
breast cancer (23). Lou et al discovered that plasma miR-144-3p
was significantly upregulated in ccRCC patients serving as a
promising biomarker for the detection of ccRCC (16). The

present study not only provided novel potential diagnostic
biomarkers of ccRCC, but also demonstrated that tumor cells
could influence the expression levels of circulating miRNAs.
The abnormal expression levels of miR-508-3p and
miR-885-5p have been explored in several types of cancer.
Guo et al demonstrated that miR-508-3p was markedly
decreased in triple-negative breast cancer. miR-508-3p was
found to inhibit cell invasion and epithelial-mesenchymal tran-
sition by targeting ZEBI in triple-negative breast cancer (24).
Huang et al demonstrated that miR-508-3p concordantly
silenced NFKB1 and RELA to inactivate canonical NF-xB
signaling in gastric carcinogenesis (25). Although miR-508-3p
was reported to be downregulated in the plasma of RCC
patients and to act as a tumor-suppressor gene associated with
the proliferation, migration, and apoptosis of RCC cells (26),
its concrete diagnostic value and molecular mechanism have
not been investigated. Yu et al reported that miR-885-5p, as
a oncogene, promotes osteosarcoma proliferation and migra-
tion by downregulation of cell division cycle protein 73
homolog expression (27). However, the expression as well as
the molecular mechanisms of miR-885-5p in ccRCC remain
elusive. Our study revealed that miR-508-5p expression was
downregulated, while miR-885-5p expression was upregulated
in ccRCC tissues, and both miRNAs were closely associated
with cellular metabolic processing for the first time. The rela-
tionship between abnormal metabolism and cancers has been
investigated (28-30). KEGG pathway analysis revealed that
miR-508-3p and miR-885-5p may regulate ccRCC through
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Figure 5. Functional enrichment analysis of miR-508-3p and miR-885-5p. (A) Potential targets of miR-508-3p and miR-885-5p as identified by integrated
analysis of public bioinformatic algorithms TargetScan and miRDB. (B) Functional enrichment analysis of targets of miR-508-3p and miR-885-5p. (C) KEGG
pathway analysis of the targets of miR-508-3p and miR-885-5p. MF, molecular functions; BP, biological processes; CC, cellular components; KEGG, Kyoto

Encyclopedia of Genes and Genomes.

several signaling pathways, such as Hippo and Wnt signaling
pathways. Thus, our data suggests a novel therapeutic target
for ccRCC.

There are several shortcomings to our study. First, the
sample sizes utilized in this study were relatively small.
Second, candidate miRNAs were selected from the integrated
analysis of GEO datasets and TCGA database, which may

have ignored other miRNAs that act as promising diagnostic
biomarkers. Finally, although we discovered miR-508-3p and
miR-885-5p are associated with cellular metabolic process
based on bioinformatic analysis, experiments in vitro and
in vivo are still needed to validate this hypothesis.

In conclusion, this is the first time that miR-508-3p and
miR-885-5p were found to be significantly dysregulated in
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ccRCC tissues and the serum of ccRCC patients. Dysregulated
serum miR-508-3p and miR-885-5p was able to differentiate
ccRCC from healthy controls and is associated with cellular
metabolism indicating novel potential diagnostic biomarkers
and therapeutic strategies for ccRCC.
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