
Abstract. Aim: To identify novel diagnostic markers for renal
cell carcinoma (RCC), we analyzed miRNAs in serum
extracellular vesicles (EVs). Materials and Methods: EVs were
purified from serum of healthy controls and patients with
localized and advanced RCC using T-cell immunoglobulin
domain and mucin domain-containing protein 4 conjugated to
magnetic beads. miRNA profiling of EVs was conducted by
microarray analysis. miRNA expression was examined by
quantitative reverse transcription-polymerase chain reaction.
Lastly, proteomic analysis of RCC cells transfected with a
miRNA inhibitor was performed to identify its potential targets.
Results: Microarray analysis revealed that nine miRNAs were
increased by more than 1.5-fold in EVs from patients with
RCC. Among them, miRNA-4525 was significantly elevated;
miRNA-4525 expression was higher in RCC tissue than in the
adjacent normal tissue. Proteomic analysis identified alpha
fetoprotein and albumin as its potential targets. Conclusion:
These findings suggest the potential of miRNA-4525 in serum
EVs as a novel biomarker for advanced RCC.

Recent advances in cancer research have provided new
options to treat advanced and metastatic renal cell carcinoma

(RCC). Indeed, targeted therapies and immune check point
inhibitors have improved survival outcomes in RCC patients,
but the mortality still remains high (1-3). Currently, reliable
biomarkers for diagnosis and prognosis of RCC are
unavailable. 

MicroRNA (miRNA) that post-transcriptionally regulates
protein expression plays important roles in physiology and
pathology, including cancer development and progression,
and have potential as diagnostic markers and therapeutic
targets (4-6). miRNAs released from cells are present in the
blood bound to proteins such as high-density lipoprotein
cholesterol and are also packaged in extracellular vesicles
(EVs) (7-9). There have been many reports describing
miRNAs in whole serum or plasma that are potentially useful
for diagnosis and prognosis of cancer (5, 8). EVs isolated
from serum or plasma have also been subjected to global
gene-expression profiling and candidate miRNA markers
have been identified (7). However, EVs isolated from serum
or plasma by conventional methods, such as serial
centrifugation followed by ultracentrifugation, gel-filtration,
immunoaffinity-based and polymer-based precipitation
methods, are heavily contaminated with serum or plasma
proteins, making it difficult to eliminate protein-bound
miRNAs and investigate EVs-associated miRNAs in
isolation. Nakai et al. reported a novel EV isolation method
using T-cell immunoglobulin domain and mucin domain-
containing protein 4/human Fc chimera recombinant protein
(TIM4), by which highly-purified EVs are then amenable to
several downstream analyses, including proteomic analysis
(10). We recently reported that protein markers on urine EVs
isolated by TIM4-conjugated magnetic beads are useful for
differential diagnosis of urinary tract infection and
asymptomatic bacteriuria (11). To date, as far as we are
aware, no report has been published on miRNA profiling of
EVs isolated using TIM4.
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In the present study, we performed miRNA microarray
analysis of EVs isolated from pooled serum of controls and
patients with RCC using TIM4-conjugated beads in an
attempt to profile EV-associated miRNAs with minimal
contamination of serum protein-bound miRNAs. After
confirmation of the miRNA expression levels in serum EV
from each patient, as well as in RCC and its adjacent normal
tissue, by quantitative reverse transcription-polymerase chain
reaction (RT-PCR), we identified miRNA-4525 in serum EVs
as a potential diagnostic marker for RCC progression. Lastly,
we performed a cell-culture study to identify potential targets
of miRNA-4525.

Materials and Methods

Cell lines. Human RCC cell line Caki-1 (JCRB0801) obtained from
the Japanese Collection of Research Bioresources Cell Bank (Osaka,
Japan) was maintained in Dulbecco’s modified Eagle medium (Wako
Pure Chemical Industries, Osaka Japan) containing penicillin,
streptomycin and 10% fetal bovine serum (Equitech-Bio, Kerrville,
TX, USA). Human OS-RC-2 cell line (RCB0735) was obtained from
RIKEN BRC through the National Bio-Resource Project of the
MEXT, Japan, and maintained in RPMI 1640 containing the
aforementioned antibiotics and serum. All experiments were carried
out using cells with fewer than 10 passages after receiving them.

Patients. This study was approved by the Medical Review Board of
Gifu University, Graduate School of Medicine (No. 29-6, 29-410)
and Tokyo Metropolitan Institute of Gerontology (No. 6177).
Written-informed consent was obtained from all participants.
Eighteen patients with RCC that were diagnosed between July 2015
and May 2019 were enrolled in this study. Serum of seven healthy
doners collected in February 2018 was used as control. Serum was
sequentially centrifuged at 1,800 × g for 10 min to remove cells and
at 16,500 × g for 20 min to remove debris and other contaminants.
Samples were then stored at –80˚C until use. Tissue samples were
obtained from surgical specimens and stored in RNAlater
Stabilization Solution (Thermo Fisher Scientific, Waltham, MA,
USA) at –20˚C until use.

EV isolation. The EV isolation method using TIM4 was described
elsewhere (11). Briefly, biotinylated mouse TIM4/human Fc region
of human IgG1 chimera recombinant protein (FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan) was conjugated to
streptavidin-magnetic beads (Thermo Fisher Scientific). Serum was
thawed and centrifuged at 1,800 × g for 10 min before use. One
milliliter of serum was incubated for 1 h at 4˚C with TIM4-
conjugated beads in the presence of 2 mM CaCl2. The captured EVs
were washed with phosphate-buffered saline (PBS) with 2 mM
CaCl2 twice and released in 50 μl of PBS and tris-buffered saline
containing 2 mM ethylenediaminetetra-acetic acid for proteomic
analysis and RT-PCR, respectively.

Microarray analysis. RNA was extracted from EVs isolated from 1
ml of pooled serum from four individuals in each group (control,
localized RCC and advanced RCC) using 3D-Gene RNA extraction
reagent (Toray Industries, Tokyo, Japan) according to the
manufacturer’s instructions. Extracted total RNA was checked by

Bioanalyzer (Agilent, Santa Clara, CA, USA) and labeled with 3D-
Gene miRNA labeling kit (Toray Industries). The half volume of
labeled RNAs were hybridized onto 3D-Gene Human miRNA Oligo
chip (Toray Industries). The annotation and oligonucleotide
sequences of the probes were conformed to the miRBase miRNA
data base (http://microrna.sanger.ac.uk/sequences/). After stringent
washes, fluorescent signals were scanned with a 3D-Gene Scanner
(Toray Industries) and analyzed using 3D-Gene Extraction software
(Toray Industries). The raw data of each spot was normalized by
subtraction of a background signal determined as the mean intensity
of all blank spot signals. Spots with signal intensities greater than
two standard deviations of the background signal intensity were
considered to be valid. The relative expression level of a given
miRNA was calculated by comparing the signal intensities of the
valid spots throughout the microarray experiments. The normalized
data were globally normalized per array, such that the median of the
signal intensity was adjusted to 25.

Quantitative RT-PCR. Total RNA including miRNA was extracted
from EVs using miRNeasy Serum/Plasma kit (Qiagen GmbH, Hilden,
Germany). From RCC cells and tissues, miRNAs were isolated using
miReasy Mini kit (Qiagen GmbH). Two microliters of total extracted
RNA eluted in 14 μl of water were reverse transcribed using TaqMan
Advanced miRNA cDNA Synthesis kit for miRNA-4516, 4525 and
4534. TaqMan MicroRNA Reverse Transcription kit was also used for
miRNA-4525 and miRNA-4534 to achieve better sensitivity (Thermo
Fisher Scientific). For this reaction, 5 μl of total RNA (28 μl) extracted
from each sample were used. PCR was performed using TaqMan
Advanced miRNA assay (Assay; 478303_mir for miRNA-4516,
480690_mir for miRNA-4525, 480832_mir for miRNA-4534 and
478293_mir for cel-miR-39-3p as a spike-in control, respectively) and
TaqMan MicroRNA assay (Assay; 462485_mat for miRNA-4525,
462024_mat for miRNA-4534 and 000200 for cel-miR-39-3p as a
spike-in control, respectively). Five out of 50 μl total cDNA and 0.67
out of 15 μl total cDNA were used in each quantitative PCR reaction
with TaqMan Advanced miRNA assay and TaqMan MicroRNA assay,
respectively. All reactions were performed in duplicate.

Western blot analysis. EVs were subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis followed by western blot analysis
as described in previous reports (11, 12). Rabbit anti-CD9 and mouse
anti-CD63 antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA) and Santa Cruz Biotechnology
(Dallas, TX, USA), respectively. The immunoreactive proteins were
detected using horseradish peroxidase-conjugated anti-rabbit or -
mouse antibody (Cell Signaling Technology) and ImmunoStar
(FUJIFILM Wako Pure Chemical).

Transfection of miRNA inhibitor. An inhibitor for human miRNA-
4525 and two negative controls were purchased from Bioneer
Corporation (Daejeonm, Republic of Korea). Fifty picomoles of
each inhibitor were transfected into Caki-1 and OS-RC-2 cells
seeded in 6-well plates using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s protocol.
Forty-eight hours after transfection, cells were collected after
washing twice with ice-cold PBS and stored at –80˚C for further
proteomic analysis. 
Proteomic analysis. Digestion of proteins with trypsin was performed
prior to proteomic analysis. Cells were dissolved in 0.1% Rapigest SF
(Waters, Milford, MA, USA). Protein concentration was determined by
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Micro BCA protein assay kit (Thermo Fisher Scientific). Ten
micrograms of proteins were reduced with 10 mM dithiothreitol in 50
mM triethylammonium bicarbonate (TEAB) at room temperature for
30 min, and alkylated with 55 mM iodoacetamide in 50 mM TEAB at
room temperature for 30 min in the dark. The samples were then
digested with trypsin (Promega, Madison, WI, USA) in 50 mM TEAB
at 37˚C for 16 h. The cleaved peptides were desalted with a GL-Tip
SDB column (GL Sciences, Tokyo, Japan), and evaporated in a
SpeedVac vacuum concentrator (Thermo Fisher Scientific). The
peptides were reconstituted in 0.1% formic acid (FA) and subjected to
nano liquid chromatography-tandem mass spectrometry (LC-MS/MS).
Protein identification was performed by nanoLC-MS-MS using
UltiMate 3000 RSLCnano system (Thermo Fisher Scientific) coupled
to a Q Exactive hybrid quadrupole-Orbitrap mass spectrometer with
nano electrospray ionization source (Thermo Fisher Scientific) as
previously described (13). Peptides were separated using a 90-min
gradient of water containing 0.1% FA (mobile phase A) and acetonitrile
containing 0.1% FA (mobile phase B) at a flow rate of 300 nl/min. The
elution gradient was set as follows: 0-3 min, 2-2% B; 3-93 min, 2-40%
B; 93-95 min, 40-95% B; 95-105 min, 95-95% B; 105-107 min, 95-
2% B; 107-120 min, 2-2% B. MS was operated in data-dependent
acquisition mode. All data were analyzed for protein identification by
Proteome Discoverer 2.4 software (Thermo Fisher Scientific).

Statistical analysis. Statistical analysis was performed using Graph
Pad Prism 7 version 7.03 (Graph Pad Software, San Diego, CA,
USA). Comparison among three groups was made using Kruskal–
Wallis test with Dunn’s post hoc for multiple comparisons.
Wilcoxon matched-pairs signed-rank test was used to compare
paired tumor–normal samples. Differences were considered
significant when p<0.05.

Results

Identification of miRNAs elevated in serum EVs of patients
with advanced RCC. In order to identify miRNAs increased
in serum EVs of patients with advanced RCC, microarray
analysis was performed. Patients’ characteristics are shown
in Table I. Prior to microarray analysis, isolated EVs were

subjected to western blot analysis to confirm successful EV
isolation using antibodies against EV markers CD9 and
CD63 (Figure 1).

A total of 1,797 miRNAs were detected (data not
shown) and 254 miRNAs had a signal intensity of more
than 100. Among them, nine were found to be up-regulated
by more than 1.5-fold in EVs isolated from patients with
either localized or advanced RCC compared with controls
(Table II). Three out of nine miRNAs, namely miRNA-
4516, 4534 and 4525, with higher expression change and
basal level were selected for further analysis by
quantitative RT-PCR.

Confirmation of increased miRNA-4525 in serum EVs of
patients with advanced RCC by quantitative RT-PCR.
Among the three candidate miRNAs, miRNA-4534 and
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Table I. Patient characteristics.

                      No.     Age, years     Gender             Stage           Pathology

Control            1             50            Female                 -                      -
                        2             51            Female                 -                      -
                        3             51              Male                   -                      -
                        4             62              Male                   -                      -
Localized         1             50              Male          pT1aN0M0        ccRCC
                        2             80              Male          pT1aN0M0        ccRCC
                        3             55              Male          pT1bN0M0        ccRCC
                        4             63            Female        pT1aN0M0        ccRCC
Advanced        1             58            Female        pT3aN2M1        ccRCC
                        2             55              Male          pT2bN0M1        ccRCC
                        3             76              Male          pT3aN0M1        ccRCC
                        4             62              Male          pT3aN0M1        ccRCC

ccRCC: Clear-cell renal cell carcinoma.

Figure 1. Confirmation of isolation of extracellular vesicles (EVs) from
serum. EVs were isolated by using T-cell immunoglobulin domain and
mucin domain-containing protein 4/human Fc chimera recombinant
protein-conjugated magnetic beads from pooled serum of healthy
controls, and patients with localized or advanced renal cell carcinoma
(n=4 in each group).



miRNA-4525 were barely detectable by quantitative RT-PCR
using TaqMan Advanced miRNA cDNA Synthesis kit and
TaqMan Advanced miRNA assay but were successfully
detected using TaqMan MicroRNA Reverse Transcription kit
and TaqMan MicroRNA Assay. We therefore analyzed the
ratio of these two miRNAs to that of cel-miR-39-3p spike-in
control for another set of patients including controls, and
patients with localized and advanced RCC. Patient
characteristics are listed in Table III. All serum samples were
taken before surgery or biopsy prior to initial treatment. All
patients underwent partial nephrectomy or radical
nephrectomy, except one who underwent only biopsy, and all
tumors were pathologically diagnosed as clear-cell RCC
according to the 2004 World Health Organization renal
tumor classification (14). Localized RCC was defined as
pathologically proven RCC of T-stage 1a-2b without any
metastasis, whereas advanced RCC was defined as
pathologically proven RCC of T-stage T3a-4 with/without
metastasis. As shown in Figure 2, there was a significant
difference in the level of miRNA-4525 in serum EVs among
the three groups (p=0.0259). The miRNA-4525 level in serum
EVs was significantly increased in the group with advanced
RCC compared with the control group (p=0.0357) but not
when compared with those with localized RCC. For miRNA-
4534, however, no statistical difference was found among the
three groups. These results suggest that miRNA-4525 in
serum EVs might be a marker for advanced RCC. 

Increased miRNA-4525 in RCC tissue. Since EVs are
secreted from various cells, an increased level of miRNA-
4525 in serum EVs may not be a consequence of its
increased expression in RCC but may arise from other
causes, such as tumor-associated inflammation. In order to
define the mechanism involved, RCC tissue and its adjacent
normal tissue in surgically resected specimen were subjected
to quantitative RT-PCR for miRNA-4525. The results showed

that miRNA-4525 expression was significantly increased in
RCC tissue compared to adjacent normal tissue (Figure 3).

Proteomic analysis of RCC cells transfected with miRNA-
4525 inhibitor. In an attempt to define the role of miRNA-
4525 in RCC, proteomic analysis of two RCC cell lines
transfected with miRNA-4525 inhibitor were performed.
Prior to the analysis, miRNA-4525 expression in Caki-1 and
OS-RC-2 RCC cell lines was evaluated by quantitative RT-
PCR (1.77×109 and 1.64×109 copies in 0.054 μg of total
RNA, respectively). Successful transfection of miRNA
inhibitor was confirmed by the reduced expression of
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Table III. Patient characteristics.

                                         Control      Localized RCC     Advanced RCC 
                                           (n=7)                (n=9)                      (n=9)

Age, years
  Median (range)           41 (36-55)        55 (43-79)              68 (41-83)
Gender, n
  Male:female                      2:5                    5:4                          8:1
T-Stage, n
  pT1a                                    -                        7                             0
  pT1b                                    -                        2                             0
  pT2b                                    -                        0                             1
  pT3a                                    -                        0                             5
  pT4                                      -                        0                             2
  N/A                                      -                        0                             1
LN metastasis, n
  N−                                        -                        9                             7
  N+                                        -                        0                             2
Metastasis, n
  M−                                       -                        9                             3
  M+                                       -                        0                             6

LN: Lymph node; RCC: renal cell carcinoma.

Table II. Relative expression of miRNAs increased in extracellular vesicles.

miRNA                         Control          Localized RCC         Advanced RCC                                                          Ratio

                                                                                                                                Localized:Control         Advanced:Control           Advanced:Localized

miRNA-4516                 786.68                1051.18                     6922.47                           1.34                                8.80                                    6.59
miRNA-4534                 114.68                 352.96                       632.55                            3.08                                5.52                                    1.79
miRNA-4525                 253.92                 400.74                       898.79                            1.58                                3.54                                    2.24
miRNA-614                   235.64                 214.39                       472.65                            0.91                                2.01                                    2.20
miRNA-4448                 158.05                 209.66                       303.48                            1.33                                1.92                                    1.45
miRNA-4497                 114.77                 175.37                       219.93                            1.53                                1.92                                    1.25
miRNA-4710                 229.71                 232.78                       428.29                            1.01                                1.86                                    1.84
miRNA-8059                 423.69                 468.99                       783.53                            1.11                                1.85                                    1.67
miRNA-3960                 646.30                 914.81                       990.09                            1.42                                1.53                                    1.08



glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in
Caki-1 and OS-RC-2 cells by parallel transfection with a
positive control miRNA inhibitor known to inhibit GAPDH
(data not shown). Proteomic analysis showed that 32 and 45
proteins were up-regulated by more than 1.5-fold in Caki-1
and OS-RC-2 cells, respectively, transfected with miRNA-
4525 inhibitor compared with those transfected with two
negative control miRNA inhibitors (data not shown). Among
proteins increased by transfection of miRNA-4525 inhibitor
in RCC cell lines, albumin and alpha fetoprotein (AFP) were
found to be common to both.

Discussion

Although metastatic and advanced RCC remains largely
incurable, no reliable diagnostic or prognostic markers have
been reported. EVs have enormous potential as biomarkers for
diseases, including cancer, an effective EV isolation method
suitable for comprehensive analysis, such as microarray and
proteomic analyses, has not been established. In our previous
report, we isolated EVs from urine by TIM4-conjugated beads
for differential diagnosis of urinary tract infection and
asymptomatic bacteriuria (11). In the present study, in order to
obtain miRNA profiling data of serum EVs with minimal
contamination of serum protein-bound miRNAs, we performed
microarray analysis of EVs isolated by TIM4-conjugated
beads, resulting in detection of more than 1,700 miRNAs. 

Among the top three miRNAs found to be increased in
patients with advanced RCC by microarray analysis, miRNA-
4534 and miRNA-4525 were only successfully detectable by
quantitative RT-PCR. This discrepancy may, in part, be due

to specificity and sensitivity of the primers used for RT-PCR.
We also showed that miRNA-4525 expression was increased
in RCC tissue compared to normal tissue in surgically
resected specimen, which suggests that increased miRNA-
4525 in serum EVs in patients with advanced RCC may be
caused by its increased expression in tumor. In any case, our
pilot study demonstrated the potential of miRNA-4525 in
serum EVs as a biomarker for advanced RCC.

There have been two reports describing the potential of
miRNA-4525 as a biomarker one of increased miRNA-4525 in
plasma EVs for high-risk pancreatic ductal adenocarcinoma (15),
and the other showing reduced circulating miRNA-4525 for acute

Muramatsu-Maekawa et al: miRNA-4525 in EV in Renal Cell Carcinoma

257

Figure 2. Expression levels of miRNA-4525 and miRNA-4534 in extracellular vesicles (EVs) isolated from patients with renal cell carcinoma (RCC).
miRNA-4525 expression in serum EVs significantly was increased in patients with advanced RCC compared with healthy controls, whereas miRNA-
4534 expression was not. Cel-miR-39-3p was used as spike-in control for standardization. Bars and lines represent the median and 95% confidence
interval, respectively.

Figure 3. miRNA-4525 expression in renal cell carcinoma (RCC) tissue.
miRNA-4525 expression was significantly increased in RCC tissue
compared to that in adjacent normal tissue. Cel-miR-39-3p was used as
spike-in control for standardization.



myocardial infarction (16). However, the functional role of
miRNA-4525 remains unknown. In order to understand the role
of miRNA-4525 in RCC, we performed a cell-culture study. We
transfected miRNA-4525 inhibitor rather than its mimic because
it was inherently highly expressed in RCC cells. Proteomic
analysis identified AFP and albumin as proteins up-regulated in
both Caki-1 and OS-RC-2 cells by inhibition of miRNA-4525.
AFP is produced by the embryonic yolk sac and the fetal liver,
and its level in blood has been widely used as a tumor marker
to diagnose and monitor hepatocellular carcinoma, germ-cell
tumors and yolk-sac tumor, however, its increase in patients with
RCC has only been shown in case reports (17, 18). The roles of
AFP have been well documented, mainly as a tumor promoter
mediating inhibition of apoptosis and promoting cell
proliferation and metastasis (19). Albumin is synthesized in liver
and its serum level is commonly used for evaluating nutritional
status. Hypoalbuminemia, an abnormally low level of albumin
in blood, reflects malnutrition, hypercatabolism and systemic
inflammation in patients with cancer, therefore many studies
have demonstrated the relationship of reduced serum albumin
with shorter overall survival or cancer-specific survival (20). In
patients with RCC, Chen et al. reported the prognostic role of
serum albumin level before treatment by meta-analysis (21). On
the other hand, it has been well described that miRNAs in EVs
may promote disease pathogenesis via intercellular crosstalk
[reviewed in (7)]. Thus, one possible explanation for the role of
miRNA-4525 in EVs would be as follows. EVs with increased
miRNA-4525 content are secreted from RCC tumor itself into
blood and delivered to hepatic cells, where miRNA-4525 may
function as an inhibitor of ALB synthesis, resulting in
hypoalbuminemia, which is consistent with a previous report
showing that hypoalbuminemia correlates with poor prognosis
in RCC (21). However, further research is needed to corroborate
this hypothesis. 

One limitation of this study is the relatively small number
of patients with RCC for miRNA-4525 analysis as a
diagnostic marker and the lack of prognostic data and of
direct evidence for the role of miRNA-4525.

In conclusion, we demonstrated that a TIM4-based EV
isolation method is suitable for microarray analysis of
miRNAs contained in EVs and that increased miRNA-4525 in
EVs has potential as a diagnostic marker for advanced RCC.
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