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Abstract
Background: Uveal melanoma is a tumour arising from melanocytes of the eye, and 30 per cent of these patients
develop liver metastases. Exosomes are small RNA containing nano-vesicles released by most cells, including
malignant melanoma cells. This clinical translational study included patients undergoing isolated hepatic perfusion
(IHP) for metastatic uveal melanoma, from whom exosomes were isolated directly from liver perfusates. The
objective was to determine whether exosomes are present in the liver circulation, and to ascertain whether these
may originate from melanoma cells.
Methods: Exosomes were isolated from the liver perfusate of twelve patients with liver metastases from uveal
melanoma undergoing IHP. Exosomes were visualised by electron microscopy, and characterised by flow cytometry,
Western blot and real-time PCR. Furthermore, the concentration of peripheral blood exosomes were measured and
compared to healthy controls.
Results: The liver perfusate contained Melan-A positive and RNA containing exosomes, with similar miRNA profiles
among patients, but dissimilar miRNA compared to exosomes isolated from tumor cell cultures. Patients with
metastatic uveal melanoma had a higher concentration of exosomes in their peripheral venous blood compared to
healthy controls.
Conclusions: Melanoma exosomes are released into the liver circulation in metastatic uveal melanoma, and is
associated with higher concentrations of exosomes in the systemic circulation. The exosomes isolated directly from
liver circulation contain miRNA clusters that are different from exosomes from other cellular sources.
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Background
In the 1980’s, nano-sized extracellular vesicles called exosomes were identified and characterised [1-4]. Exosomes
are considered to be formed through the endosomal pathway and are released by fusion of multivesicular bodies
with the plasma membrane [5]. These vesicles are released
by virtually all cells examined, including epithelial cells [6],
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immune cells [7-9] and tumour cells [10]. Exosomes were
first thought to function as the cellular “garbage bin”,
eradicating unwanted proteins [1,3], but in the 1990’s, exosomes were shown to have an immunoregulatory function
[7]. Exosomes are also present in many human body fluids,
such as malignant effusions [11], human blood plasma
[12], urine [13] and breast milk [14]. Extracellular vesicles,
including exosomes, harbour extracellular RNA with potentially multiple functions in cell-to-cell communication
[15-17], and are being tested as markers for diagnosis and
prognosis of different diseases [18,19].
MicroRNAs (miRNAs) are a class of small (~22 nucleotides) endogenously expressed, non-coding RNA molecules,
which act as gene regulators. They regulate the gene
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expression by repressing it at a post-transcriptional level by
binding to complementary sequences usually at the 3’ untranslated regions of target mRNAs [20,21]. These small
regulators of gene expression are involved in diverse cellular processes, including cell proliferation, cell death, angiogenesis and cancer development [22-24].
Uveal melanoma is a malignant tumour that arises in
the melanocytes of the eye, and tumours originating
from either the ciliary body or the choroid are collectively referred to as posterior tract uveal melanomas [25].
Despite successful control of the primary tumour, approximately one third of the patients will develop metastases, predominantly liver metastases (90%) [26]. The
prognosis is poor with a median survival of about 6
months, and no systemic treatment has been shown to
improve survival [26]. Different regional treatment strategies including liver resection [27], chemo-embolisation
[28] and isolated hepatic perfusion (IHP) have been explored. During IHP the liver is completely isolated from
the systemic circulation, allowing a high concentration
of chemotherapeutics to be perfused through the liver
with minimal exposure to the systemic circulation [29].
The aim of this study was to determine whether exosomes of uveal melanoma origin can be obtained directly
from the isolated local liver circulation in patients with
liver metastases undergoing IHP. Plasma from the liver
perfusates of twelve patients undergoing IHP were collected prior to the local perfusion chemotherapy. Exosomes were visualised and characterised using electron
microscopy, flow cytometry and Western blot, with exosomal RNA profiles determined by capillary electrophoresis and microRNAs with real-time PCR.

Methods
Patients

During the period of November 2010 to October 2012,
twelve patients with isolated liver metastases from uveal
melanoma underwent treatment with IHP. Inclusion criteria included less than 50% of the liver replaced by tumour
and no extra hepatic tumour manifestations. Patient characteristics are summarised in Table 1. The study was approved by the Regional Ethical Review Board at the
University of Gothenburg (Ethical permit id 096-12) and
all participants provided a written informed consent.
Isolated liver perfusion

The IHP technique was performed as described previously [29]. In brief, the liver was completely mobilised
and isolated by the clamping and cannulation of the
hepatic artery and the inferior caval vein. The cannulas
were connected to an oxygenated extracorporeal circuit and the portal vein was clamped (Figure 1). The
liver was perfused with a priming solution consisting
of one unit of erythrocytes, 100 ml of human albumin
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(50 mg/ml; Baxter, Deerfield, IL, USA), 100 ml of buffer
(Tribonat, Fresenius Kabi, Uppsala, Sweden), 2500 units of
heparin (LEO Pharmaceutical Products, Copenhagen,
Denmark) and 250 ml of Ringer’s solution (Ringer Acetat,
Baxter, Deerfield, IL, USA). Thereafter, melphalan (1 mg/kg
body weight) was administered into the perfusion system.
The temperature was held at 40°C with a total perfusion
time of 60 minutes. After perfusion, the liver was washed
with 1000 ml of Ringer’s solution (Baxter) and one unit of
erythrocytes was added.
Sample collection and exosome isolation

After 10 minutes of perfusion with priming solution, before melphalan was added, approximately 200 ml of the
liver perfusate was collected for this study. In addition
to the liver perfusate, peripheral blood samples were
taken prior to the IHP procedure.
Plasma was obtained from both the liver perfusate and
peripheral heparinised blood by centrifugation at 400 × g
for 10 minutes, followed by a second centrifugation at 1
880 × g for 10 minutes. The purified blood plasma was
then centrifuged at 29 500 × g for 20 minutes to remove
remaining cells and cell debris. The supernatant was filtered through 0.2 μm filters to remove particles larger
than 200 nm. Exosomes were pelleted from the purified
blood plasma by ultracentrifugation at 120 000 × g for 90
minutes (Ti70 rotor, Beckman Coulter, Brea, CA, USA).
Cell culture and exosome isolation

The human malignant melanoma cell line A375 (ATCC,
Manassas, VA, USA), was cultured in DMEM medium.
The human malignant melanoma cell line, MML-1
(CLS, Eppelheim, Germany), the human breast cancer
cell line, HTB-133 (ATCC), and the human lung carcinoma cell line, HTB-177 (ATCC), were all cultured in
RPMI-1640. The human mast cell line, HMC-1.2 (Dr.
Joseph Butterfield, Mayo Clinic, Rochester, MN, USA),
was cultured in IMDM. The complete growth media for
all cells contained 10% fetal bovine serum (FBS), 100
units/ml penicillin, 100 μg/ml streptomycin and 2 mM
L-glutamine (all from Sigma-Aldrich, St Louis, MO,
USA). In addition, the A375 cell line complete growth
medium also contained 1% Non-Essential Amino Acids
(PAA laboratories, Pasching, Austria), the HTB-133
complete growth medium also contained 0.2 units/ml
insulin, and the HMC-1.2 complete growth medium also
contained 1.2 mM alpha-thioglycerol (both from SigmaAldrich). Prior to use, the FBS was ultracentrifuged at
120 000 × g overnight to eliminate serum exosomes. All
cells were cultured at 37°C and 5% CO2.
Exosomes were purified from the cell cultures by centrifuging the cells at 300 × g for 10 minutes, followed by
16 500 × g for 20 minutes, to remove remaining cells
and cell debris. The supernatant was then filtered
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Table 1 Patient characteristics
Primary tumour

Liver metastases

Clinical outcome

No.

Type

Treatment

Tumour burden

Largest diameter

Response

Status

Laboratory characterisation of exosomes

1

Choroidal

I-125

10-24%

15 mm

PR

Alive 29 mo

RNA, FACS, PCR

2

Choroidal

En

25-50%

25 mm

PR

Dead 25 mo

RNA

3

Choroidal

I-125 + En

10-24%

45 mm

PR

Dead 17 mo

RNA

4

Choroidal

En

<10%

20 mm

PR

Alive 17 mo

EM

5

Choroidal

En

<10%

55 mm

PR

Dead 14 mo

EC, RNA, PCR

6

Choroidal

En

10-24%

35 mm

PR

Alive 13 mo

EC, RNA, FACS

7

Choroidal

I-125

<10%

23 mm

SD

Alive 13 mo

EC, RNA, PCR

8

Choroidal

Ru-106

25-50%

100 mm

PD

Alive 11 mo

EC, RNA, PCR, FACS

9

Choroidal

En

<10%

40 mm

PR

Alive 10 mo

EC, RNA, PCR

10

Choroidal

Ru-106 + En

<10%

30 mm

SD

Alive 7 mo

EC

11

Choroidal

En

<10%

15 mm

SD

Alive 6 mo

EC

12

Choroidal

En

10-24%

25 mm

PR

Alive 5 mo

EC

I-125 = Iodine-125 brachytherapy; Ru-106 = Ruthenium-106 brachytherapy; En = Enucleation; PR = Partial response; SD = Stable disease; PD = Progressive disease;
EC = Exosome concentration (peripheral blood); RNA = RNA concentration (liver perfusate); FACS = Flow cytometry (liver perfusate); PCR = Exosomal miRNA PCR
array (liver perfusate); EM = Electron microscopy (liver perfusate).

through 0.2 μm filters and exosomes were finally pelleted by ultracentrifugation at 120 000 × g for 70 minutes (Ti45 rotor, Beckman Coulter).
Flow cytometry analysis

For immunoisolation of exosomes, 4 μm-diameter aldehyde/sulphate latex beads (Interfacial Dynamics, Portland,
OR, USA) were incubated with purified anti-CD63

antibody (BD Biosciences, Erembodegem, Belgium) at
room temperature (RT) overnight with gentle agitation,
as previously described [30]. For flow cytometry analysis,
isolated plasma exosomes were resuspended in PBS and
30 μg of exosomes were incubated with 1.5 × 105 antiCD63 beads for 15 minutes at RT. PBS was then added
up to 300 μl and the beads incubated at 4°C overnight
with gentle agitation. The reaction was stopped by incubation of the exosome-bead complexes in 100 mM glycine for 30 minutes. The exosome-bead complexes were
washed twice in FACS buffer (3% exosome depleted FBS
in PBS). The exosome-bead complexes were then incubated in human IgG (Sigma-Aldrich) at 4°C for 15
minutes, followed by incubation with PE-conjugated
anti-CD9 (clone M-L13), anti-CD63 (clone H5C6), antiCD81 (clone JS-81) antibodies or isotype control (all
antibodies were from BD Biosciences) for 40 minutes at
RT with gentle agitation. The complexes were washed
twice, resuspended in 300 μl FACS buffer and analysed
by flow cytometry using a FACSAria (BD Biosciences,
San Jose, CA, USA), and the FlowJo Software (Tri Star
Inc, Ashland, OR, USA).
Electron microscopy

Figure 1 Schematic representation of isolated hepatic
perfusion. The figure shows the setup for isolated hepatic perfusion
(IHP), where the liver is isolated by clamping and cannulation of the
hepatic artery and the inferior caval vein. The liver is then connected
to an oxygenated extracorporeal circuit and the portal vein is
clamped. Melphalan is then administered into the perfusion circuit.

Formvar/carbon-coated nickel grids (Ted Pella Inc,
Redding, CA, USA) were UV-treated for 5 minutes before 20 μg of exosomes, re-suspended in PBS, were
loaded and incubated for 10 minutes. The exosomes
were then fixed in 2% paraformaldehyde and washed
with PBS. The exosomes were immunostained with
anti-CD63 antibody (BD Bioscience) or isotype control
(Sigma-Aldrich), followed by staining with a 10 nm
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gold-labelled secondary antibody (Sigma-Aldrich). The
exosomes were then fixed in 2.5% glutaraldehyde, washed
in ddH2O and contrasted in 2% uranyl acetate. The preparations were examined using a LEO 912AB Omega electron microscope (Carl Zeiss NTS, Jena, Germany).
Western blot

Purified exosomes were treated with lysis buffer (20 mM
Tris HCL/1% SDS) and subjected to sonication and vortexing, with protein concentration determined using a BCA
protein assay kit (Thermo Scientific Pierce, Rockford, IL,
USA) according to manufacturer’s recommendations. The
exosomal proteins (50 μg) were run on a Mini-Protean
TGX precast gel (Any kD, Bio-Rad Laboratories, Hercules,
CA, USA) and blotted to Trans-Blot Mini PVDF membranes using the Trans-Blot® Turbo™ Transfer system
(Bio-Rad). Blots were processed using the Snap i.d. protein
detection system (Millipore, Billerica, MA, USA) according to manufacturer’s recommendations. Melan-A was
detected using an anti-Melan-A antibody (1:250; FL-118,
sc-28871, Santa Cruz Biotechnology, Santa Cruz, CA,
USA) together with a donkey-anti-rabbit secondary antibody (1:10000; NA9340, GE Healthcare, Little Chalfont,
UK) and visualised by enhanced chemiluminescence (GE
Healthcare), the VersaDoc™ 4000 MP Imaging System and
Quantity One® software (both from Bio-Rad).
Total RNA analysis

Total RNA was extracted from exosomes using the miRCURY™ RNA Isolation Kit (Exiqon, Vedbaek, Denmark)
according to the manufacturer’s protocol. The RNA yield
and size distribution pattern of exosomal total RNA was
analysed using capillary electrophoresis (Agilent 2100
Bioanalyzer, Agilent Technologies, Foster City, CA,
USA) with the total RNA 6000 Nano and 6000 Pico Kit,
according to manufacturer’s protocol.
MicroRNA analysis

Purified liver perfusion exosomes from five patients were
analysed using a panel of 88 brain cancer-related miRNA
using RT2 miRNA PCR arrays (MAH-108A, Qiagen,
Germantown, MD, USA). As controls, exosomes purified
from multiple cell lines were used; A375, MML-1, HTB133, HTB-177 and HMC-1.2. Total RNA was digested
with Turbo DNase (Turbo DNase Free kit, Ambion,
Carlsbad, CA, U.S), reverse transcribed using the RT2
miRNA First Strand Kit (Qiagen), and subjected to realtime PCR in a Bio-Rad CFX96 Real-Time PCR Detection System (Bio-Rad), using RT2 SYBR® Green qPCR
Mastermix (Qiagen). The cDNA was amplified for 10
minutes at 95°C and 40 cycles x [95°C, 15 sec; 60°C, 30
sec; 72°C, 30 sec] and finalised by a dissociation curve
65°C to 95°C at 2°C/minute. The results were analysed
using the CFX Manager™ software (Bio-Rad).
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MiRNA expression levels were measured by the threshold cycle (Ct). Samples with a Ct value over 35 and samples
showing more than one melt peak, with a ratio less than
80% between the major peak and the secondary peak, were
excluded from the analysis. As no reference genes are available for exosomes, the miRNA expression levels by the Ct
value could not be compared between samples. Thus, the
miRNA of each sample were ranked according to their Ct
values and the rank lists were compared between the different patients and cell lines (Additional file 1: Table S1).
The miRNAs were then clustered according to rank,
rather than Ct value, using Cluster 3.0 [31]. Clustering
analyses were performed with a hierarchical method
using average linkage and Euclidean distance metric to
illustrate relationships between the different patients and
cell lines. A heat map of the clustering data was visualised using Microsoft Excel.
Enriched KEGG pathway analyses for miRNAs was
conducted via DIANA-miRPath v.2.0 software based on
predicted targets by DIANA-microT-CDS [32]. Targets
of miRNAs with a score of more than 0.8 were selected.
Only KEGG pathways including at least five genes and
displaying an enrichment p-value of less than 0.05 were
considered significant.
Statistical analysis

Where appropriate, data are expressed as mean ± SD.
Statistical analysis was performed by using the MannWhitney non-parametric test. A p-value less than 0.05
was accepted as statistically significant.

Results
Clinical characteristics

All twelve patients included underwent IHP without complications. Response evaluation with CT or MRI scans
three months after IHP showed a partial response in eight
patients, three patients with stable disease and one patient
that showed progression of disease (all according to
RECIST: Response Evaluation Criteria in Solid Tumors criteria) [33]. Three patients died 25, 17 and 14 months after
IHP, while the other nine patients are still alive (Table 1).
Liver perfusates contains exosomes

Exosomes isolated from liver perfusate from one patient
showed a typical spherical shape in electron microscopy,
with a size of about 50 nm and positive for CD63 using
immuno-gold staining (Figure 2A). Further analysis with
flow cytometry, using anti-CD63 coated latex beads,
showed the presence of CD9, CD63 and CD81 on the exosomal surface, with expression differences between the patients (Figure 2B). Additionally, Western blot analyses
showed exosomes positive for the melanoma-specific
marker Melan-A, indicating that the liver perfusate exosomes are of tumour origin (Figure 2C).
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Figure 2 Liver perfusate contains melanoma-specific exosomes. (A) A representative electron microscopy image of an exosome derived
from the liver perfusate of a patient (patient 4) with metastatic uveal melanoma. The image shows a small vesicle, approximately 50 nm in
diameter, and immune-gold labelled with anti-CD63. (B) Flow cytometry analysis showing exosomes coupled to CD63 coated latex beads and
immunostained with antibodies against the tetraspanins CD9, CD63, CD81 and isotype control. All three patients were shown to be positive for
the three markers, with variations between the patients. (C) A representative Western blot analysis showing liver perfusate exosomes from two
patients positive for the melanoma-specific marker Melan-A. Abbreviations: IC = Isotype control, Pat = Patient.

Patients have more circulating exosomes compared to
healthy controls

To determine whether the concentration of exosomes
differ in the systemic circulation in patients compared to
healthy controls, exosomes were isolated from peripheral
blood before IHP. The exosome concentration, measured as total exosomal protein, differed significantly between the peripheral blood of healthy controls and
patients (median 13.8 [range 6-45] vs. 75.6 [range 44209] μg/ml plasma, p = 0.003) (Figure 3).
RNA profiles and miRNA analyses of liver perfusate
exosomes

The RNA profile of liver perfusate exosomes were analysed
by capillary electrophoresis, which showed a typical exosomal RNA profile, lacking the 18S and 28S ribosomal subunits (Figure 4A). The electrophoresis profile included
RNA in the size of miRNA and to verify that the exosomes
contain miRNA, the exosomes were further analysed by
real-time PCR. The most abundant exosomal miRNAs correlated well between patients (Additional file 1: Table S1).
As appropriate in vivo controls are unavailable, we chose
to compare the miRNA profiles with two malignant

Figure 3 Patients have higher levels of circulating exosomes
compared to healthy controls. Exosomes isolated from peripheral
blood plasma of patients (n = 8) with metastatic uveal melanoma were
shown to contain significantly more exosomes compared to healthy
controls (n = 5), according to the total amount of protein (μg) in
circulating exosomes per ml of plasma analysed (** = p-value 0.003).
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Figure 4 RNA profile of liver perfusate exosomes. (A) A representative Bioanalyzer electropherogram of liver perfusate exosomes, showing a
classical exosomal RNA profile, lacking the ribosomal 18S and 28S subunits, and enriched in lower molecular weight RNAs. (B) Cluster analysis of
the miRNAs found in exosomes from patients and cell lines, showing a clear similarity between the patients. (C) A close-up of a specific portion
of the cluster analysis, highlighting three miRNA clusters. Cluster 3 shows miRNAs that are more associated with patients than control cell lines.
Abbreviations: P1-9 = Patient 1 to 9, C1-3 = Cluster 1 to 3, NI = Not identified.

melanoma cell lines (A375 and MML-1), one breast cancer cell line (HTB-133), one lung cancer cell line (HTB177) and one human mast cell line (HMC-1). Comparison
of the exosomal miRNA profiles of patients and cell lines
using cluster analysis revealed a clear relationship between
the patient samples. Interestingly, the two melanoma cell
lines did not cluster together, but did form a cluster together with the other cell lines (Figure 4B).
The three top miRNA clusters were analysed in more
detail. Cluster 1 consisted of four miRNAs (miR-216a,
miR217, miR129-5p and miR-203) that were expressed
almost equally in patients and the lung (HTB-177),
breast (HTB-133) and melanoma cell lines (A375 and
MML-1), but not in the human mast cell line HMC-1
(Figure 4C). KEGG pathway analysis showed that metabolism and signalling pathways, including “glycosaminoglycan

biosynthesis” and “TGF-beta signalling” (Additional file 2:
Table S2), were among the most common pathways.
Cluster 2 consisted of seven miRNAs (miR-9*, miR125a5p, miR-25, miR-125b, miR-335, miR-19a and miR-9) that
were also expressed almost equally in patients and the five
tested cell lines (Figure 4C). KEGG pathway analysis
showed that biosynthesis and metabolism pathways, such
as “glycosaminoglycan biosynthesis”, “mucin type-O-glycan
biosynthesis” and “biotin metabolism” (Additional file 3:
Table S3), were among the most common pathways.
Cluster 3 consisted of six miRNAs (miR-370, miR-210,
miR-320a, miR-124, miR-107 and miR-486-5p) that
were primarily present in patients, and were also measurable in the A375 melanoma cell line, but not present in
the other four cell lines (Figure 4C). KEGG pathway analysis showed that “melanoma”, together with “glioma”,
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“hedgehog signalling” and “prostate cancer” were the most
significant pathways with p-values less than 0.01 (Table 2).

Discussion
Patients with different malignant diseases have detectable
tumour-derived exosomes in their peripheral blood
[18,19,34]. Patients with uveal melanoma and liver metastases have a poor prognosis, with very few treatment options. IHP is a unique surgical technique with complete
isolation of the liver, enabling high concentrations of chemotherapeutics to be delivered to the liver with minimal
systemic toxicity. This method also offers a unique possibility to study exosomes from the liver of patients with
uveal melanoma liver metastases. During liver perfusion,
before adding any chemotherapeutic drug, samples were
collected with the hypothesis that it would be possible to
collect a high concentration of tumour-specific exosomes
from the liver perfusate. The results show, using electron
microscopy and flow cytometry, that the liver perfusate indeed contain significant quantities of exosomes (Figure 2A
and B). Furthermore, exosomes stained positive for the
melanoma-specific marker Melan-A, suggesting a tumour
origin for at least a portion of the exosomes investigated
(Figure 2C). Furthermore, we show that these patients

have higher levels of circulating exosomes in the systemic
circulation compared to healthy controls. Importantly,
miRNA profiling suggests that exosomes from liver perfusates may have different miRNAs compared to exosomes released from other types of malignant cells.
Various studies have shown that exosomes may promote tumour vasculogenesis, invasion and metastasis
[34-36]. In addition, the content of exosomes has been
suggested to have prognostic value in both melanoma
and other cancers [18,19,34]. Peinado and co-workers
showed that specific melanoma signatures could be seen
in circulating exosomes from subjects with advanced
melanoma [34]. Interestingly, in addition to the specific
profile, they also showed that the amount of protein per
exosome increased with disease. In this study we confirm that patients with metastatic uveal melanoma have
a significantly higher level of exosomes in their peripheral blood plasma compared to healthy controls (Figure 3), in agreement with the results of Peinado and coworkers, supporting the potential role of exosomes as
possible diagnostic markers.
Liver perfusate-derived exosomes were shown to contain
RNA with a typical exosomal profile, including miRNA
sized RNA (Figure 4A), with the presence of miRNA

Table 2 Enriched KEGG pathways of predicted targets for the six miRNAs (miR-370, miR-210, miR-320a, miR-124,
miR-107 and miR-486-5p) in cluster 3
KEGG pathway

P value Number of genes Genes

Hedgehog signalling

0.009

14

BMP2, BMP6, BTRC, CSNK1A1, CSNK1E, CSNK1G3, GLI3, IHH,
LRP2, RAB23, SMO, SUFU, WNT16, WNT3A

Glioma

0.010

11

AKT3, CDK4, CDK6, E2F3, IGF1, IGF1R, MAPK1, PIK3CA, PIK3R1, PTEN, SOS2

Melanoma

0.010

15

AKT3, CDK4, CDK6, E2F3, FGF19, FGF2, FGF7, IGF1, IGF1R,
MAPK1, PDGFC, PDGFD, PIK3CA, PIK3R1, PTEN

Prostate cancer

0.010

18

AKT3, CCNE1, CREB3, CREB3L2, CREB5, CTNNB1, E2F3, FOXO1A,
IGF1, IGF1R, LEF1, MAPK1, PDGFC, PDGFD, PIK3CA, PIK3R1, PTEN, SOS2

Focal adhesion

0.014

30

AC128683.3, AKT3, ARHGAP5, COL4A1, CRKL, CTNNB1, IGF1, IGF1R, ITGA1,
ITGA2, ITGA4, ITGB8, LAMC1, MAPK1, MAPK8, MYL12A, PDGFC, PDGFD, PIK3CA,
PIK3R1, PPP1R12A, PTEN, RAC1, RAP1A, RAPGEF1, SOS2, VAV3, VCL, XIAP, ZYX

Pathways in cancer

0.014

43

AKT3, ARNT, AXIN2, BMP2, CBL, CCNE1, CDK4, CDK6, COL4A1, CRKL, CTNNB1,
DVL1, E2F3, EVI1, FGF19, FGF2, FGF7, FOXO1A, GLI3, IGF1, IGF1R, ITGA2, KITLG,
LAMC1, LEF1, MAPK1, MAPK8, PIK3CA, PIK3R1, PTEN, RAC1, RASSF5, RET,
RUNX1T1, SMO, SOS2, STK4, SUFU, TPM3, VHL, WNT16, WNT3A, XIAP

Circadian rhythm - mammal

0.015

6

mTOR signalling

0.017

12

AC026713.5, AKT3, CAB39, EIF4B, IGF1, MAPK1, PIK3CA, PIK3R1, PRKAA2,
RPS6KA3, TSC1, ULK1

Adipocytokine signalling

0.038

10

ADIPOR1, AKT3, JAK2, LEPR, MAPK8, PPARGC1A, PRKAA2, PRKAB2,
PRKAG2, PRKAG3

Lysine degradation

0.040

6

Insulin signalling

0.041

21

Endometrial cancer

0.049

9

Cytokine-cytokine receptor interaction

0.049

18

ASH1L, EHHADH, MLL5, SETD1B, SUV420H1, WHSC1

ASH1L, EHHADH, MLL5, SETD1B, SUV420H1, WHSC1
AKT3, CBL, CRKL, FASN, FOXO1A, INSR, MAPK1, MAPK8, PDE3B, PHKA1,
PIK3CA, PIK3R1, PPARGC1A, PRKAA2, PRKAB2, PRKAG2, PRKAG3,
RAPGEF1, SKIP, SOS2, TSC1
AKT3, AXIN2, CTNNB1, LEF1, MAPK1, PIK3CA, PIK3R1, PTEN, SOS2
ACVR2A, ACVR2B, BMP2, BMPR1A, BMPR2, CCL21, CCR7, CCR8, CXCR5,
IL1RAP, IL23R, IL4R, IL6ST, IL9R, KITLG, LEPR, LIFR, PDGFC
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verified by real-time PCR. The lack of a commercially available uveal melanoma miRNA PCR array panel necessitated
the use of a non-specific miRNA array, which contained
miRNAs known to be associated with uveal melanoma.
Such developments could be helpful for future biomarker
studies in the uveal melanoma field.
The miRNA profiles were shown to be similar among
patients with metastatic uveal melanoma (Figure 4B).
Attempts to compare these miRNAs with RNA obtained
from peripheral blood of the healthy controls failed, as
the amount of isolated RNA containing exosomes was
insufficient for real-time PCR analyses. This is in accordance with previous studies showing that healthy controls
have substantially lower levels of circulating exosomes
compared to cancer patients [19]. Consequently, five different cell lines were used as controls to determine
whether the pattern observed among the patients was
associated with melanoma.
Interestingly, clustering of the miRNA profiles showed
a strong similarity among the patients, but not directly
between the patients and the different malignant cell
lines. The analysis revealed multiple miRNA clusters,
with cluster 1 and 2 (Figure 4C) being similar among patients and four of the five cell lines. These two clusters
primarily included pathways involved in signalling and
metabolism (Additional file 2: Table S2 and Additional
file 3: Table S3). This may suggest that the function of
these miRNAs are associated with general biology, rather
than with specific melanoma processes. In cluster 3, a
number of miRNAs (miR-370, miR-210, miR-320a, miR124, miR-107 and miR-486-5p) were identified that
could not be detected in exosomes from most of the cell
lines. These miRNAs could reflect an up regulation in
the exosome-producing tumour cell, as it has previously
been suggested that the RNA content in tumour exosomes can reflect the RNA in the tumour cells [18].
However, it was recently demonstrated that cancer cells
can release tumour-suppressive miRNA via exosomes to
promote a more metastatic phenotype [37], which might
instead suggest that these miRNA are disposed by the
tumour cells to become more aggressive. Importantly, the
KEGG pathway analysis showed that the miRNAs in cluster 3 were highly associated with the pathway of “melanoma”, again arguing that the analysis is relevant for the
disease studied and might suggest that the miRNA are
reflecting the tumour cells and is not released to dispose
unwanted tumour-suppressive miRNA. Furthermore, the
cluster analysis showed a strong similarity between the five
patients, but also some similarity with one of the tested
melanoma cell line, A375. This argues that some of the
exosomes isolated from the liver circulation, are produced
by the liver metastases.
The role of each specific miRNA in the biology of
uveal melanoma metastases is complicated to determine,
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and beyond the scope of this study. Nevertheless, it is
still possible to consider several putative roles of some
of the most prominent miRNAs found in this, and previous, studies. For example, both miR-182 and miR-34a
were shown to be low or absent in our patient material.
MiR-182 functions as a tumour suppressor in vitro in
uveal melanoma by inhibiting cell proliferation, migration
and invasion, by down-regulation of the microphthalmiaassociated transcription factor and the proto-oncogene,
c-Met. Furthermore, miR-182 has been shown to suppress the anti-apoptotic gene, BCL2, and to reduce
tumour cell growth in vivo [38]. Additionally, miR-34a
acts as a tumour suppressor in both uveal melanoma [39]
and glioblastoma [40] by the down-regulation of c-Met.
The down-regulation of these specific miRNAs in uveal
melanoma correlates with our results, thus indicating that
the miRNA profiles seen in the patients may be associated
with uveal melanoma. Another study, comparing seven
different miRNAs between primary uveal melanoma and
control specimens, found that miR-20a, miR-106a, miR34a and miR-21 were significantly up-regulated in primary
tumours. These miRNAs were low or absent in our patient
material, with the exception of miR-21, which was ranked
relatively high in some of the cell lines [41]. A direct comparison between these results may not be possible as our
results are based on exosomal miRNA from liver metastases rather than from primary tumours.
An important limitation of this study is the low number of patients included, as well as the relatively low
concentration of exosomes in the sampled plasma. Both
of these drawbacks mean that the number of analyses
per patient and exosomes sample is limited, and that extensive characterisation with current technologies cannot be performed in every single patient. On the other
hand, the liver perfusates are exceptionally unique, and
may be even more relevant than peripheral blood exosomes samples, as they come from the circulation that is
most likely to be enriched in metastasis-derived exosomes. Further, the IHP procedure is performed in very
few centers globally, and no reports about exosomes in
uveal melanoma have been published.

Conclusions
Overall, these findings show that exosomes can be isolated
directly from the local blood circulation of an organ with
metastases, in this case the liver. The presence of Melan-A
and melanoma-associated microRNAs argue that the isolated exosomes are indeed originating from the melanoma
metastases, although some liver cell-derived exosomes
may have been co-isolated with the melanoma-derived
exosomes. Future studies in larger patient populations will
help determine whether exosomes, and their microRNA
and/or protein cargo, can help diagnosing the progression
of uveal melanoma.

Eldh et al. BMC Cancer 2014, 14:962
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Additional files
Additional file 1: Table S1. MiRNA profile of purified liver perfusion
exosomes (n=5), from patients with uveal melanoma, and five cell lines used
as controls, were analysed for the presence of a panel of 88 cancer-related
miRNA using RT2 miRNA PCR. The table shows all miRNA that passed quality
control; Samples with a Ct value over 35, and samples showing more than
one melt peak, with a ratio less than 80% between the major peak and the
secondary peak, were excluded from the analysis. As no reference genes are
available, miRNA were ranked according to their Ct values for each sample.
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Additional file 2: Table S2. Enriched KEGG pathways of predicted
targets for the four miRNAs (miR-216a, miR217, miR129-5p and miR-203)
in cluster 1.

7.

Additional file 3: Table S3. Enriched KEGG pathways of predicted
targets for the seven miRNAs (miR-9*, miR125a-5p, miR-25, miR-125b,
miR-335, miR-19a and miR-9) in cluster 2.

8.

Competing interest
JL is a co-owner of two patents related to the use of exosomes as therapeutics
in disease.
Authors’ contributions
ME together with ROB conceived the study together with JS, PL, CL, YSG, MS
and JL. RO, JM and PL collected all samples and performed the clinical work.
ME and ROB performed all experiments, except the network analyses that
was performed by D-SC and YSG and the electron microscopy that was
performed by CL. All authors read and approved the final manuscript.

9.

10.

11.

12.
Acknowledgements
We acknowledge Carina Malmhäll at Krefting Research Centre, Sahlgrenska
Academy, University of Gothenburg, Sweden, for helpful discussions and
technical expertise. The human mast cell line, HMC-1.2, was kindly provided
by Gunnar Nilsson (Karolinska Institute, Stockholm, Sweden). The A375 cell line
was kindly provided by Martin Bergö (University of Gothenburg, Gothenburg,
Sweden). The MML-1 cell line was kindly provided by Jonas Nilsson (University
of Gothenburg, Gothenburg, Sweden).
Grant support
Funded in part by grants from the Swedish Research Council (K2011-56X20676-04-6) and the Swedish Cancer Foundation (CAN2011/842/110633)
by funds received by Jan Lötvall, and by funds provided by Lars-Erik
Gelins minnesfond, the Gothenburg Medical Association and Wilhelm och
Martina Lundgrens Vetenskapsfond by funds received by Roger Olofsson
Bagge. Maria Eldh was funded by a PhD student position partly funded by
University of Gothenburg. The other authors were not providing financial
funding for this study. JL is partly funded by the VBG GROUP’s Herman
Krefting Foundation for Allergy and Asthma Research.

13.
14.

15.

16.

17.

18.
Author details
1
Krefting Research Centre, Department of Internal Medicine and Clinical
Nutrition, Sahlgrenska Academy, University of Gothenburg, Gothenburg,
Sweden. 2Department of Surgery, Institute of Clinical Sciences, Sahlgrenska
Academy at University of Gothenburg, Sahlgrenska University Hospital,
Gothenburg, Sweden. 3Transplant Institute, Sahlgrenska Academy at
University of Gothenburg, Sahlgrenska University Hospital, Gothenburg,
Sweden. 4Division of Molecular and Life Sciences, Department of Life
Science, Pohang University of Science and Technology (POSTECH), Pohang,
South Korea.
Received: 6 May 2014 Accepted: 10 December 2014
Published: 16 December 2014

19.
20.
21.
22.
23.
24.

References
1. Harding C, Heuser J, Stahl P: Receptor-mediated endocytosis of transferrin
and recycling of the transferrin receptor in rat reticulocytes. J Cell Biol
1983, 97:329–339.
2. Pan B-T, Johnstone RM: Fate of the transferrin receptor during maturation
of sheep reticulocytes in vitro: Selective externalization of the receptor.
Cell 1983, 33:967–978.

25.
26.

Pan BT, Teng K, Wu C, Adam M, Johnstone RM: Electron microscopic
evidence for externalization of the transferrin receptor in vesicular form
in sheep reticulocytes. J Cell Biol 1985, 101:942–948.
Johnstone RM, Adam M, Hammond JR, Orr L, Turbide C: Vesicle formation
during reticulocyte maturation. Association of plasma membrane activities
with released vesicles (exosomes). J Biol Chem 1987, 262:9412–9420.
Thery C, Zitvogel L, Amigorena S: Exosomes: composition, biogenesis and
function. Nat Rev Immunol 2002, 2:569–579.
Van Niel G, Raposo G, Candalh C, Boussac M, Hershberg R, Cerf-Bensussan
N, Heyman M: Intestinal epithelial cells secrete exosome-like vesicles.
Gastroenterology 2001, 121:337–349.
Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, Harding CV, Melief CJ,
Geuze HJ: B lymphocytes secrete antigen-presenting vesicles. J Exp Med
1996, 183:1161–1172.
Thery C, Regnault A, Garin J, Wolfers J, Zitvogel L, Ricciardi-Castagnoli P,
Raposo G, Amigorena S: Molecular characterization of dendritic cellderived exosomes: selective accumulation of the heat shock protein
hsc73. J Cell Biol 1999, 147:599–610.
Blanchard N, Lankar D, Faure F, Regnault A, Dumont C, Raposo G, Hivroz C:
TCR activation of human T cells induces the production of exosomes
bearing the TCR/CD3/{zeta} complex. J Immunol 2002, 168:3235–3241.
Wolfers J, Lozier A, Raposo G, Regnault A, Thery C, Masurier C, Flament C,
Pouzieux S, Faure F, Tursz T, Angevin E, Amigorena S, Zitvogel L: Tumorderived exosomes are a source of shared tumor rejection antigens for
CTL cross-priming. Nat Med 2001, 7:297–303.
Andre F, Schartz NEC, Movassagh M, Flament C, Pautier P, Morice P, Pomel
C, Lhomme C, Escudier B, Le Chevalier T, Tursz T, Amigorena S, Raposo G,
Angevin E, Zitvogel L: Malignant effusions and immunogenic tumourderived exosomes. The Lancet 2002, 360:295–305.
Caby M-P, Lankar D, Vincendeau-Scherrer C, Raposo G, Bonnerot C: Exosomal-like vesicles are present in human blood plasma. Int Immunol 2005,
17:879–887.
Pisitkun T, Shen R-F, Knepper MA: Identification and proteomic profiling of
exosomes in human urine. Proc Natl Acad Sci U S A 2004, 101:13368–13373.
Admyre C, Johansson SM, Qazi KR, Filen J-J, Lahesmaa R, Norman M, Neve EPA,
Scheynius A, Gabrielsson S: Exosomes with immune modulatory features Are
present in human breast milk. J Immunol 2007, 179:1969–1978.
Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Lotvall JO: Exosomemediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat Cell Biol 2007, 9:654–659.
Ratajczak J, Miekus K, Kucia M, Zhang J, Reca R, Dvorak P, Ratajczak MZ:
Embryonic stem cell-derived microvesicles reprogram hematopoietic
progenitors: evidence for horizontal transfer of mRNA and protein delivery. Leukemia 2006, 20:847–856.
Aliotta JM, Pereira M, Johnson KW, de Paz N, Dooner MS, Puente N, Ayala C,
Brilliant K, Berz D, Lee D, Ramratnam B, McMillan PN, Hixson DC, Josic D,
Quesenberry PJ: Microvesicle entry into marrow cells mediates tissuespecific changes in mRNA by direct delivery of mRNA and induction of
transcription. Exp Hematol 2010, 38:233–245.
Skog J, Wurdinger T, van Rijn S, Meijer DH, Gainche L, Sena-Esteves M, Curry
WT Jr, Carter BS, Krichevsky AM, Breakefield XO: Glioblastoma microvesicles
transport RNA and proteins that promote tumour growth and provide
diagnostic biomarkers. Nat Cell Biol 2008, 10:1470–1476.
Rabinowits G, Gercel-Taylor C, Day JM, Taylor DD, Kloecker GH: Exosomal microRNA: a diagnostic marker for lung cancer. Clin Lung Cancer 2009, 10:42–46.
Friedman RC, Farh KK, Burge CB, Bartel DP: Most mammalian mRNAs are
conserved targets of microRNAs. Genome Res 2009, 19:92–105.
Bartel DP: MicroRNAs: genomics, biogenesis, mechanism, and function.
Cell 2004, 116:281–297.
Li M, Li J, Ding X, He M, Cheng SY: MicroRNA and cancer. AAPS J 2010,
12:309–317.
Suarez Y, Sessa WC: MicroRNAs as novel regulators of angiogenesis. Circ
Res 2009, 104:442–454.
Mattick JS, Makunin IV: Small regulatory RNAs in mammals. Hum Mol
Genet 2005, 14 Spec No 1:R121–R132.
Hurst EA, Harbour JW, Cornelius LA: Ocular melanoma: a review and the
relationship to cutaneous melanoma. Arch Dermatol 2003, 139:1067–1073.
Diener-West M, Reynolds SM, Agugliaro DJ, Caldwell R, Cumming K, Earle
JD, Hawkins BS, Hayman JA, Jaiyesimi I, Jampol LM, Kirkwood JM, Koh WJ,
Robertson DM, Shaw JM, Straatsma BR, Thoma J; Collaborative Ocular
Melanoma Study G: Development of metastatic disease after enrollment

Eldh et al. BMC Cancer 2014, 14:962
http://www.biomedcentral.com/1471-2407/14/962

27.

28.

29.

30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

in the COMS trials for treatment of choroidal melanoma: Collaborative
Ocular Melanoma Study Group Report No. 26. Arch Ophthalmol 2005,
123:1639–1643.
Mariani P, Piperno-Neumann S, Servois V, Berry MG, Dorval T, Plancher C,
Couturier J, Levy-Gabriel C, Lumbroso-Le Rouic L, Desjardins L, Salmon RJ:
Surgical management of liver metastases from uveal melanoma: 16 years’
experience at the Institut Curie. Eur J Surg Oncol 2009, 35:1192–1197.
Sharma KV, Gould JE, Harbour JW, Linette GP, Pilgram TK, Dayani PN, Brown
DB: Hepatic arterial chemoembolization for management of metastatic
melanoma. AJR Am J Roentgenol 2008, 190:99–104.
Rizell M, Mattson J, Cahlin C, Hafstrom L, Lindner P, Olausson M: Isolated
hepatic perfusion for liver metastases of malignant melanoma.
Melanoma Res 2008, 18:120–126.
Lässer C, Eldh M, Lötvall J: Isolation and characterization of
RNA-containing exosomes. J Vis Exp 2012, 2012:e3037.
de Hoon MJ, Imoto S, Nolan J, Miyano S: Open source clustering software.
Bioinformatics 2004, 20:1453–1454.
Vlachos IS, Kostoulas N, Vergoulis T, Georgakilas G, Reczko M, Maragkakis M,
Paraskevopoulou MD, Prionidis K, Dalamagas T, Hatzigeorgiou AG: DIANA
miRPath v. 2.0: investigating the combinatorial effect of microRNAs in
pathways. Nucleic Acids Res 2012, 40:W498–W504.
Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L,
Verweij J, Van Glabbeke M, van Oosterom AT, Christian MC, Gwyther SG:
New guidelines to evaluate the response to treatment in solid tumors.
European Organization for Research and Treatment of Cancer, National
Cancer Institute of the United States, National Cancer Institute of
Canada. J Natl Cancer Inst 2000, 92:205–216.
Peinado H, Aleckovic M, Lavotshkin S, Matei I, Costa-Silva B, Moreno-Bueno G,
Hergueta-Redondo M, Williams C, Garcia-Santos G, Ghajar C, Nitadori-Hoshino
A, Hoffman C, Badal K, Garcia BA, Callahan MK, Yuan J, Martins VR, Skog J,
Kaplan RN, Brady MS, Wolchok JD, Chapman PB, Kang Y, Bromberg J, Lyden D:
Melanoma exosomes educate bone marrow progenitor cells toward a
pro-metastatic phenotype through MET. Nat Med 2012, 18:883–891.
Hood JL, San RS, Wickline SA: Exosomes released by melanoma cells
prepare sentinel lymph nodes for tumor metastasis. Cancer Res 2011,
71:3792–3801.
Jung T, Castellana D, Klingbeil P, Cuesta Hernandez I, Vitacolonna M, Orlicky
DJ, Roffler SR, Brodt P, Zoller M: CD44v6 dependence of premetastatic
niche preparation by exosomes. Neoplasia 2009, 11:1093–1105.
Ostenfeld MS, Jeppesen DK, Laurberg JR, Boysen AT, Bramsen JB, PrimdalBengtson B, Hendrix A, Lamy P, Dagnaes-Hansen F, Rasmussen MH, Bui KH,
Fristrup N, Christensen EI, Nordentoft I, Morth JP, Jensen JB, Pedersen JS,
Beck M, Theodorescu D, Borre M, Howard KA, Dyrskjot L, Orntoft TF: Cellular
disposal of miR23b by RAB27-dependent exosome release is linked to
acquisition of metastatic properties. Cancer Res 2014, 74:5758–5771.
Yan D, Dong XD, Chen X, Yao S, Wang L, Wang J, Wang C, Hu DN, Qu J,
Tu L: Role of microRNA-182 in posterior uveal melanoma: regulation of
tumor development through MITF, BCL2 and cyclin D2. PLoS One 2012,
7:e40967.
Yan D, Zhou X, Chen X, Hu DN, Dong XD, Wang J, Lu F, Tu L, Qu J:
MicroRNA-34a inhibits uveal melanoma cell proliferation and migration
through downregulation of c-Met. Invest Ophthalmol Vis Sci 2009,
50:1559–1565.
Li Y, Guessous F, Zhang Y, Dipierro C, Kefas B, Johnson E, Marcinkiewicz L,
Jiang J, Yang Y, Schmittgen TD, Lopes B, Schiff D, Purow B, Abounader R:
MicroRNA-34a inhibits glioblastoma growth by targeting multiple
oncogenes. Cancer Res 2009, 69:7569–7576.
Yang C, Wei W: The miRNA expression profile of the uveal melanoma.
Science China Life sciences 2011, 54:351–358.

doi:10.1186/1471-2407-14-962
Cite this article as: Eldh et al.: MicroRNA in exosomes isolated directly
from the liver circulation in patients with metastatic uveal melanoma.
BMC Cancer 2014 14:962.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

