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� Context.—Malignant melanoma is an aggressive tumor
that produces exosomes, which contain microRNAs
(miRNAs) that could be of utility in following tumoral cell
dysregulation. MicroR-125b is a miRNA whose down-
regulation seems to be implicated in melanoma progres-
sion.

Objective.—To analyze miR-125b levels in serum, and in
exosomes obtained from serum, from patients with
advanced melanoma.

Design.—Serum samples were obtained from 21 pa-
tients with advanced melanoma, from 16 disease-free
patients with melanoma, and from 19 healthy volunteers.
Exosomes were isolated from serum by precipitation, and
miR-16 and miR-125b levels were quantified by real-time
polymerase chain reaction.

Results.—MicroR-16, but not miR-125b, was detected in
all samples, and miR-16 levels were significantly higher in

serum than they were in exosomes. MicroR-16 expression
levels did not differ significantly between the 2 groups
(patients with melanoma and healthy donors). There was a
significant relationship between miR-125b and miR-16
levels in exosomes. Additionally, miR-125b levels in
exosomes were significantly lower in patients with
melanoma compared with disease-free patients with
melanoma and healthy controls.

Conclusions.—Exosomes can provide a suitable material
to measure circulating miRNA in melanoma, and miR-16
can be used as an endogenous normalizer. Lower levels of
miR-125b in exosomes obtained from serum are associated
with advanced melanoma disease, probably reflecting the
tumoral cell dysregulation.

(Arch Pathol Lab Med. 2014;138:828–832; doi: 10.5858/
arpa.2013-0134-OA)

Advanced melanoma is among the most aggressive and
treatment-resistant human cancers. For decades, che-

motherapy was the backbone of systemic treatment in cases
of advanced melanoma with poor outcomes.1 When
detected in early stages, melanoma has a good prognosis,
but when the diagnosis occurs after the tumor has already
metastasized, the survival rate is poor.1,2 Recently, new
therapeutic treatments have greatly improved patient
survival.1,3

Melanoma cells produce exosomes, which are microves-
icles derived from the cellular endosomal membrane and
secreted into surrounding media. Tumor-derived exosomes
are abundant in body fluids from patients with cancer,4 and
they seem to be important in the development of
metastases.5 In addition, exosome analysis may provide a

dynamic approach for detecting cellular changes during
tumor progression.6

MicroRNAs (miRNAs) are small, noncoding RNAs of
about 20 to 24 nucleotides that can interact with seed
sequences in messenger RNAs (mRNAs), down-regulating
their translation or even inducing mRNA degradation.7

MicroRNAs are important gene-expression regulators, and
more than one-third of the cellular transcriptome may be
under miRNA control.8 MicroRNA can be dysregulated in
tumors, compared with normal tissues,9 and there is a
different miRNA expression profile associated with mela-
noma progression.10 For example, miR-125b has been found
to be down-regulated in melanoma biopsies, compared with
normal melanocytes.11,12 That dysregulation could be
implicated in tumor spreading11–13 because miR-125b
controls melanoma progression by direct suppression of c-
Jun protein expression.11

Cells can release miRNA to the medium and are detected
in several body fluids, including blood,14,15 saliva,15 and
effusions,16 where they are stable and resistant to degrada-
tion by RNAases.14 The pattern of expression or serum levels
of different miRNAs have been found to be altered in
cancer,14,17 and the miRNAs could be potential, noninvasive
biomarkers that reflect disease status and progression.18

Circulating miRNAs are mainly included in exosomes,15

although there are other carriers, such as Argonaute2
protein19 or the high-density lipoproteins.20 Because mela-
noma-derived exosomes have characteristic miRNAs and
proteomic profiles compared with exosomes from normal
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melanocytes,21 the miRNA levels in these vesicles could be a
useful biomarker for these tumors.

Although exosomes obtained from serum (srm-exosomes)
seem to be suitable specimens for measuring circulating
miRNA from patients with melanoma, most studies
addressing the measurement of miRNA circulating levels
are performed on total serum.22,23 To our knowledge, no
studies have addressed the differences between the miRNA
analyses using total serum and those using extracted srm-
exosomes. For that reason, the aim of this study was to
compare miRNA levels obtained from serum and those
obtained from srm-exosomes in patients with melanoma.
We analyzed miR-125b, a miRNA whose circulating levels
have been analyzed in several types of cancer,24,25 but not in
melanoma, and miR-16, a miRNA frequently used as an
internal normalizer in blood.26–29

MATERIALS AND METHODS

Peripheral blood samples were obtained (after informed consent
was received) from 21 patients with advanced melanoma (mean
age, 53 years; males, 52% [11 of 21]; patients with metastases, 71%
[15 of 21]), from 16 disease-free patients with melanoma (mean
age, SD¼ 14, 54 years; males, 50% [8 of 16]), and from 19 age- and
sex-matched healthy volunteers used as a control group. Blood
samples were centrifuged, and serum was isolated and kept at
�808C until analysis. The study was approved by the University
Clinic of Navarra (Pamplona, Navarra, Spain) Ethical Committee.

Exosome Isolation

The srm-exosomes were obtained from 200 lL of serum with
ExoQuick precipitation solution (System Biosciences, Mountain
View, California) according to manufacturer’s instructions. Exo-
some concentration was estimated indirectly through protein
concentration measured with a Nanodrop spectrophotometer
(Thermo Scientifics, Wilmington, Delaware).

miRNA Extraction and Quantification

MicroRNA expression analysis was performed in serum samples
(200 lL) and in exosome samples previously obtained from 200 lL
of serum. In both types of samples, we analyzed the expression of
miRNA-16 and miRNA-125b, along with the expression of miR-54
from Caenorhabditis elegans (cel–miR-54), an exogenous miRNA
that was spiked in all samples to be used as an internal standard.
For that, 25 fmol of this oligonucleotide, purchased from Sigma (St.
Louis, Missouri), was added to each serum or srm-exosome sample
before total RNA extraction with TRIzol (guanidinium thiocyanate-
phenol-chloroform extraction, Invitrogen, Carlsbad, California).
Extracted RNA was resuspended with 50 lL of diethylpyrocar-
bonate-treated water (H2O-DEPC), and the concentration was
measured by spectrophotometry with a Nanodrop (Thermo
Scientifics). Each miRNA was then specifically retrotranscribed
from 1.67 lL of resuspended total RNA using the TaqMan
MicroRNA Reverse Transcription kit (Applied Biosystems, Foster
City, California) and specific retrotranscription primers for each
miRNA from the TaqMan microRNA assays kit (Applied Biosys-
tems).30 The complementary DNA obtained was then preamplifi-
cated by polymerase chain reaction (PCR) with TaqMan Preamp
Master Mix (Applied Biosystems) before amplification with real-
time PCR and TaqMan Universal PCR Master Mix No AmpErase
UNG (Applied Biosystems). Both preamplification and real-time
PCR were performed with specific amplification primers for each
miRNA, also contained in TaqMan microRNA assays kit. Real-time
PCR was performed in triplicate for each sample and each miRNA.

Statistical Analysis

Raw amplification data of real-time PCR were expressed as CT

(threshold cycle) and processed as follows: Mean CT was calculated
from triplicates of each sample and each miRNA amplification (CT-

miR). Normalization factor for each sample was calculated as
described by Kroh et al30: The median of the normalizer CT values
(CT–cel–miR-54 or CT–miR-16) from all samples was obtained and
subtracted to respective normalizer of each sample. To calculate the
normalized CT (NCT-miR), the normalization factor was subtracted
from each CT-miR in each sample.

Statistical analysis of CT and NCT was performed using
nonparametric tests with SPSS (IBM, Armonk, New York) program
Version 15.0 for Windows. MicroRNA levels were compared
between patients with melanoma and healthy control patients
using the Mann-Whitney U test, and comparison between miRNA
levels in serum samples and srm-exosome samples from the same
patient was performed with the Wilcoxon test. Correlation analysis
was performed using the Spearman test. A P , .05 was considered
significant.

RESULTS

Isolation of Exosomes and miRNA Analysis
in Serum and Exosomes

Exosome purification by precipitation using ExoQuick was
confirmed by Western blot using anti-CD63, which is
considered a marker of exosomes and, as expected, we
observed the predicted band at 56 kDa (Figure 1, A). First,
we checked whether the protocol for exosome isolation
could interfere with the RNA extraction and miRNA

Figure 1. A, Representative example of the immunoblot for CD63
detection in exosomes obtained by precipitation from serum samples
(E1 and E2). Negative controls were a lysate of melanoma M8 cell line
and a serum sample. Equal quantities of protein were loaded in each
lane. B, Threshold cycle (CT) values for spiked microRNA-54 from
Caenorhabditis elegans (cel–miR-54) in serum (Srm) and in exosomes
obtained from serum (Exo) samples. Statistical analysis was done using
the Wilcoxon test.
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quantification. To achieve that, we compared the amplifi-
cation of cel–miR-54 spiked in the same quantities to the
serum and to the isolated srm-exosomes. We did not
observe significant differences in CT–cel–miR-54 between
serum and srm-exosomes (P ¼ .07; Figure 1, B), which
indicated that the exosome isolation by this method, using a
commercial precipitation reagent, did not affect the latter
miRNA extraction and quantification.

Analysis of Circulating miR-16 in Serum and Exosomes

Initially, we analyzed the presence of circulating miR-16
in srm-exosomes and serum. MicroR-16 was observed in all
serum and srm-exosome samples, with a significant
relationship in miR-16 levels between srm-exosomes and
serum (r ¼ 0.612; P , .001). However, CT–miR-16 values
were significantly lower in serum than they were in srm-
exosomes (serum median CT–miR-16, 21.3; interquartile
range [IQR], 19.2–23.3; srm-exosomes median CT–miR-16,
22; IQR, 20.7–25.2; P¼ .006) (Figure 2). Additionally, miR-16
expression levels both in serum and in srm-exosomes from
patients with advanced melanoma were very similar to
those observed in serum or srm-exosomes from disease-free
patients with melanoma and healthy donors (Table).
Furthermore, there was no statistical difference in miR-16
levels between controls and disease-free patients with
melanoma.

Some authors have added cel–miR-54 as an external
normalizer to correct for intra-assay and interassay differ-
ences in miRNA extraction efficiency.14,19 To confirm that
our results were not due to technical biases, we normalized
miR-16 with spiked cel–miR-54. We confirmed the signif-
icant relationship between N54CT–miR-16 values in srm-
exosomes and in serum (r ¼ 0.543; P , .001) and that
N54CT–miR-16 was significantly lower in serum than it was
in srm-exosome (P ¼ .01). In addition, there were no

statistical differences in N54CT–miR-16 values between
control patients and patients with melanoma (Table).

These data implied that miR-16 can be used as an
endogenous normalizer, although the normalization with
miR-16 is different for serum and srm-exosomes and are not
interchangeable.

Analysis of Circulating miR-125b in Serum and Exosomes

MicroR-125b was detected in 85.4% of the samples. To
investigate whether the expression levels depended on the
type of sample analyzed, we compared the level of miR-
125b expression in serum and exosomes. MicroR-125b was
less-frequently observed in srm-exosomes (56% of samples)
than it was in total serum (75% of samples). However, when
expressed, there was no difference in the expression levels
between serum and srm-exosomes from the same patient
(serum median CT–miR-125b, 34.0; IQR, 30.2–36.9; srm-
exosomes median CT–miR-125b: 32.2; IQR, 29.6–37.2; P ¼
.34; Figure 2). In addition, there was a relationship between
the miR-125b and miR-16 levels in srm-exosomes (r¼ 0.45;
P ¼ .02), but not in serum (P ¼ .97).

We observed that the levels of miR-125b in srm-exosomes
were significantly lower in patients with advanced melano-
ma than they were in healthy controls (P ¼ .04) (Table;
Figure 3, A). Furthermore, after normalizing with miR-16,
srm-exosome miR-125b levels were significantly lower in
patients with advanced melanoma than they were in
melanoma-free patients (P ¼ .02) and controls (P ¼ .01)
(Figure 3, B). On the other hand, there was no statistical
difference in the miR-125b levels between patients and
controls when analyzing serum samples (P ¼ .78).

We can conclude that the level of expression of miR-125b
in srm-exosomes from patients with melanoma was lower

Figure 2. Threshold cycle (CT) values for circulating microRNA-16
(miR-16) and miR-125b in serum (Srm) and in exosomes obtained from
serum (Exo) samples. Lines indicate medians. Statistical analysis was
done using the Wilcoxon test.

Levels (Median and Interquartile Range [IQR])
of miR-125b and miR-16 in Serum and Exosomes
Obtained From Serum (Srm-Exosomes) in Healthy
Control Patients (n ¼ 19), Disease-Free Patients

With Melanoma (n ¼ 16), and Patients
With Advanced Melanoma (n ¼ 21)

Patients
Serum,

Median (IQR)
Srm-Exosomes,
Median (IQR)

CT–miR-16
Control 22.4 (19.2–23.9) 21.2 (20.2–25.3)
Melanoma

Disease free 19.9 (18.5–23.0) 21.7 (20.2–25.5)
Advanced 21.1 (19.4–23.1) 22.3 (20.9–24.6)

N54–CT–miR-16
Control 22.4 (19.5–24.9) 23.1 (21.7–24.6)
Melanoma

Disease free 21.9 (20.8–23.2) 23.7 (22.7–24.5)
Advanced 22.0 (20.3–24.5) 23.1 (21.5–24.0)

CT–miR-125b
Control 32.8 (28.7–35.7) 30.2 (29.0–31.6)
Melanoma

Disease free 33.3 (29.3–36.8) 32.1 (31.0–35.7)
Advanced 35.2 (32.8–37.2) 37.6 (31.3–39.1)a

N16–CT–miR-125
Control 34.0 (30.8–37.1) 32.5 (28.1–33.6)
Melanoma

Disease free 32.9 (29.9–34.3) 32.6 (30.3–33.2)
Advanced 35.0 (33.3–35.9) 35.4 (33.2–36.3)b,c

a P¼ .04 compared with control group.
b P¼ .01 compared with control group.
c P¼ .02 compared with disease-free patients with melanoma.
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than that from disease-free patients with melanoma and
healthy controls.

COMMENT

Exosomes are actively secreted by tumoral cells, and
particularly, melanoma cells seem to produce a great
quantity of these microvesicles,21 which are known to
transport different miRNAs.15 Plasma can also contain
miRNA, derived from platelets,27 and cell disruption during
clotting can release miRNA as well.27 In fact, erythrocyte
disruption can be a source of miR-16,27 and although we
have not detected visible hemolysis in any of our samples,
other sources of miR-16 can be present in serum, apart to
exosomes. For example, Argonaut2 is an important carrier
for miR-16.19 Both miR-125b and miR-16 are released in
exosomes,21 but the different sources and carriers of released
miRNAs could be the reason for the different levels of miR-
16 and miR-125b expression observed in serum and srm-
exosomes.19 The method of exosome isolation did not
interfere with the miRNA analysis,31 as we have shown with
cel–miR-54 analysis. Also, the positive relationship between
mR-125b and miR-16 in srm-exosomes, but not in serum,
points to a similar source for the miRNA released in these
microvesicles.

The optimal internal standard should not only correct
technical differences in the analysis but also neutralize
possible preanalytic variations. Although cel–miR-54 can
correct the technical differences,14,19,27 it cannot solve other
variability sources, such as different exosome release, which
is shown to be increased in blood from patients with
advanced stages of cancer.

A prerequisite for using a miRNA as endogen normalizer
is that it be ubiquitously expressed and at stable levels. The
selection of an internal normalizer is a very challenging
issue when analyzing circulating miRNA. Probably the most
widely used endogenous normalizer is miR-16 because it is
quite stable,14,26,27 produced ubiquitously, and present in
blood.28 Apart from miR-16, some other miRNAs have been

proposed. Small, nuclear RNA U6 has also been used as a
normalizer in cells,32 but the expression in serum is very low
or even absent, so its use is limited to certain types of
samples.26,32 We have detected miR-16 expression in all
srm-exosomes and serum samples without differences
between levels in patients and in controls. Considering the
differences in the type of specimen, miR-16 could be used
separately as an internal standard in the analysis of miRNA
in either serum or srm-exosomes from patients with
melanoma.

Other authors have studied miR-125b in serum from
patients with other cancers,24,25 but this is the first study, to
our knowledge, to address the analysis of this miRNA in
serum from patients with melanoma, with a special focus in
srm-exosomes. We have observed that the levels of miR-
125b were lower in exosomes, but not in whole serum, in
patients with advanced melanoma compared with melano-
ma free patients and controls. The differences described
here could be because we measured the expression in srm-
exosomes, avoiding other potential sources of circulating
miRNAs, such as cellular disruption. Recent reports suggest
that miRNA melanoma cell-derived exosomes have a close
relationship with their originating melanoma cells,21 and
particularly, miR-125b is one of the miRNA more dysreg-
ulated in exosomes from the melanoma compared with
normal melanocyte cell lines.21 Although we did not observe
miR-125b expression in exosomes from all patients studied,
our data suggest that its measurement in exosomes could be
useful in analyzing the miR-125b down-regulation in
melanoma. Also, and of importance, we have shown that
exosomes could provide different information related to
circulating miRNA than that provided by total serum
analysis, and those data would probably be more accu-
rate.10,14 Certainly, circulating miRNAs in exosomes could
represent the biology within tumor, although further studies
should be performed to develop that hypothesis.

Our results agree with previous reports indicating that
there is a down-regulation of miR-125b in metastatic

Figure 3. Threshold cycle (CT) values for circulating microRNA-125b (miRNA-125b) (A) nonnormalized and (B) normalized with miR-16 in srm-
exosome samples taken from healthy controls, disease-free patients with melanoma, and patients with advanced melanoma. Lines indicate medians.
Statistical analysis was done using the Mann-Whitney U test.
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melanoma.11,13 This miRNA has also been shown to be
down-regulated in ovarian and thyroid cancers.33,34 How-
ever, elevated serum levels of miR-125b has been observed
in patients with non–small cell lung cancer associated with
poorer prognosis,24 and in patients with breast cancer
associated with chemotherapeutic resistance.25 Those data
are not conflicting with ours because miR-125b targets
many different genes, such as E2F3 in breast cancer cells.25

MiR-125b inhibition in melanoma cells decreases apo-
ptosis11,35 by a mechanism that involves a posttranscrip-
tional regulation of the tumor promoter c-jun gene.11 The
decrease of miR-125b observed in melanoma can augment
c-jun mRNA translation and affect indirectly target genes,
particularly causing the repression of tumor suppressor gene
expression and function and the induction of cyclin D1
transcription.11

CONCLUSIONS

In summary, we suggest that srm-exosomes are a more-
accurate material than serum for measuring circulating
miRNA levels in melanoma and that the method of
exosome isolation used here does not affect miRNA
analysis. MicroR-16 can be used as an endogenous
normalizer provided it can be quantified in all samples
analyzed and does not change with the disease. In addition,
miR-125b levels can help discriminate between patients
with advanced melanoma and disease-free patients with
melanoma or healthy controls. Probably, the miR-125b
lower levels in advanced disease reflect its down-regulation
in melanoma cells, favoring tumoral spreading.

We thank Beatriz Mateos for her technical assistance.
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