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Abstract

Natural killer (NK) cells are implicated in the control of metastasis in uveal melanoma, a

process that has been ascribed to its cancer stem cell subpopulation. NK cell activation is
regulated by specific microRNA (miR). The NK cell sensitivity and regulatory miR production

of uveal melanoma cancer stem cells was examined. Cancer stem cells enriched from aggressively
metastatic MUM2B uveal melanoma cells by selecting CD271* cells or propagating as non-
adherent spheres in stem-cell supportive were more resistant to NK cell cytolysis than cancer

stem cells enriched from less aggressively metastatic OCM1 uveal melanoma cells. Both MUM2B
and OCML1 cells expressed and secreted NK cell regulatory miRs, including miR 146a, 181a,

20a, and 223. MUMZ2B cells expressed and secreted miR-155; OCML1 cells did not. Transfecting
MUMZ2B cells with anti-miR-155 increased NK cell sensitivity. CD271* cells were identified in
the blood of patients with metastatic uveal melanoma and were characterized by low expression of
melanocyte differentiation determinants and by the ability to form non-adherent spheres in stem-
cell supportive media. These cells also expressed NK cell regulatory miRs, including miR-155.
These results indicate that uveal melanoma cancer stem cells can vary in their sensitivity to NK
cell lysis and their expression of NK cell regulatory miRs. Circulating CD271* cells from patients
with metastatic uveal melanoma manifest cancer stem cell features and express miRs associated
with NK cell suppression, including miR-155, that may contribute to metastatic progression.
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Introduction

Uveal melanoma is a rare cancer with a high mortality rate because of its ability to
metastasize hematogenously. There is evidence that this process is inhibited by natural killer
(NK) cells, critical components of innate immunity. In intraocular melanoma mouse models,
disabling NK cells results in an increase in metastasis, while augmenting NK cell activity
with type | interferon (IFN) results in a decrease [1]. In patients with uveal melanoma,
tumor expression of major histocompatibility complex (MHC) class | molecules, which is
necessary for T-cell recognition but which limits NK cell activation through interactions
with NK cell inhibitory receptors, is associated with the development of metastasis [2,3].
Loss of tumor MHC class I-related chain (MIC) A, which activates NK cells through the
NK group 2 member D (NKG2D) receptor, also has been associated with a poor prognosis
[4], Considerable variation in the susceptibility of human uveal metastatic melanoma cells
to NK cell cytolysis not predicted by MHC class | and/or MICA expression has, however,
been observed, and the mechanisms involved in regulating the NK cell susceptibility are not
established [5-8].

Metastasis has been ascribed to an undifferentiated or less differentiated subpopulation of
cells within a tumor, referred to as cancer stem cells (CSC), that can not only invade and
circulate but that can also self-renew and differentiate into the cells that comprise metastatic
tumors. Cells with CSC characteristics have been identified in uveal melanoma tumors,

and a CSC-like phenotype of the primary tumor has been associated with the development
of metastasis [9-13]. Whether circulating tumor cells, which are frequently identified in
patients with uveal melanoma [14], manifest CSC characteristics has not, however, been
demonstrated. CSC are resistant to radiotherapy and chemotherapy, and in several model
systems, CSC are also resistant to NK cell cytotoxicity. Expression of the nerve growth
factor receptor, CD271, which is found on neural crest cells during embryogenesis, has been
used to identify CSC in melanoma, including uveal melanoma [15]. In contrast to CD271~
melanoma cells, CD271* melanoma cells are tumorigenic in nude and NOD/SCID mice.
NK cell depletion in these mice restores the capacity of CD271~ melanoma cells to form
tumors [16]. In other model systems, CSC have been susceptible to NK cell cytotoxicity,
significantly more susceptible than their more differentiated tumor counterparts [17,18].
Activated NK cells have been shown to kill cutaneous melanoma CSC isolated by several
methods [19]. The NK cell sensitivity of uveal melanoma CSC has not been reported.

Epigenetic mechanisms mediated by microRNA (miR) play a central role in CSC
maintenance and metastasis [20]. miRs are increasingly being recognized in the regulation
of immune responses, and several miRs have been shown to regulate NK cell development
and function. Prominent among these are miR-155 and 181a, which regulate NK cell
differentiation and activation [21,22]; miR-146a and 223, which regulate NK cell effector
molecules [23,24]; and miR-20a, which regulates MICA/B [25]. miRs are released by cells,
and, because of incorporation into microparticles and exosomes, are highly stable in the
circulation and can mediate cell-cell signaling via paracrine and endocrine routes [26].
Circulating extracellular miRs have been shown to activate NK cells [27]. Plasma levels of
NK cell regulatory miR-146a, 155, 20a, and 223 were observed to increase, and miR-181a,
to decrease, in patients with uveal melanoma developing metastasis [28]. To examine a
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potential mechanism by which metastatic progression in uveal melanoma may be regulated,
the expression of NK cell regulatory miRs by uveal melanoma CSC, including those in the
circulation of patients, was examined.

Materials and Methods

Cell lines

MUM2B and OCM1 uveal melanoma cell lines were studied [29] as were NK-92,
SKMEL-28, Daudi, and K562 cell lines (ATCC, Manassas, VA). NK-92 cells were
maintained in RPMI 1640 culture medium supplemented with 10% fetal calf serum (FCS).
The other cell lines were maintained in Dulbecco's Modified Essential Medium (DMEM)
with 10% heat-inactivated FCS, 1 mM sodium pyruvate, 100 U/ml penicillin, and 100
pg/ml streptomycin. Cells were also cultured in human embryonic stem cell culture medium
(StemPro hESC SFM, Life Technologies, Grand Island, NY). All cultures were maintained
at 37°C in 5% CO..

Cell preparations

Buffy coats were isolated from whole blood by centrifugation. Contaminating erythrocytes
were lysed using isotonic ammonium chloride buffer. Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll gradient centrifugation. CD271" cells were isolated using
CD271 Cell Isolation Kit (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Cells
were magnetically labeled with CD271 microbeads and separated on a MACS Separator.
Both the magnetically labelled CD271* cells and the unlabeled CD271~ cells were collected.
Purities by flow cytometry for CD271" cells was >90%, and for CD271" cells, >85%.

NK cells were isolated from PBMC that were incubated in RPMI 1640 with 10% FCS
supplemented with 200 IU/mL recombinant human interleukin 2 (Prometheus Laboratories
Inc. San Diego, CA) for 48 hours. The NK Cell Isolation Kit, human (Miltenyi Biotech
GmbH) was then applied according to the manufacturer's instructions. Flow cytometry
confirmed that >90% of the isolated cells expressed CD56 but not CD3.

Immunofluroescence

About 50,000 to 100,000 cells were seeded per slide using a Shandon cytospin 111 centrifuge
(Thermo Fisher Scientific, Waltham, MA). Immunofluorescence staining was performed
with the following antibodies: anti-CD271 (rabbit polyclonal; Abeam, San Francisco, CA),
anti-CD45 pre-conjugated to Alexa 488 (Molecular Probes, Thermo Fisher Scientific) to
identify leukocytes, and anti-Melan-A (rabbit monoclonal, Novus Biologicals, Littleton,
CO; or mouse clone A103, Dako, Carpinteria, CA). Cells on the cytospin slides were
permeabilized with 0.1% Triton X100 (Sigma Aldrich, St. Louis, MO) for 10 minutes,

and blocked using a buffer containing 0.5% Bovine Serum Albumin (Sigma Aldrich), 1%
human serum in phosphate buffered saline (PBS), for 1 hour at room temperature in a
humid chamber. The primary and secondary antibodies were diluted independently and
incubated sequentially for 1 hour or 45 minutes, respectively. Slides were washed three
times for 10 minutes each, in PBS containing 0.01% Tween 20 (Sigma Aldrich) after
incubation. The slides were mounted on coverslips set with Vectashield containing DAPI
(Vector Laboratories, Burlingame, CA) for nuclear staining.
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Imaging was done either on a Leica DM-5500 fluorescent microscope system with a
controller CTR5500, and a halogen fluorescent lamp and QCapture Pro acquisition software
(Qlmaging, Surrey, BC) was used to acquire images in three (red, blue and green) channels,
using specific excitation and emission narrow band pass filters for DAPI, Alexa 568 and
Alexa 488, or a Leica SP2 confocal imaging system with Leica confocal Software v.2.61
(Leica Microsystems, Inc., Buffalo Grove, IL). Bandwidths for excitation and emission for
confocal imaging were selected such that they were in mutually non-overlapping regions of
the spectra, eliminating bleed-through signal contaminations.

Flow cytometry

Cell surface staining was accomplished using phycoerythrin labeled CD271, fluroescein
isothiocynate labeled CD3, allophycocyanin labeled CD56; APC-conjugated anti-human
HLA-ABC (clone G46-2.6,) and phycoerythrin labeled MICA antibodies (BD Biosciences,
San Jose, CA). Standard methodologies and appropriate isotype controls were used in

all experiments. All samples were analyzed using an Accuri 6 flow cytometer (Beckman
Coulter, Fullerton, CA).

Quantitative real-time polymerase chain reaction (QRT-PCR)

RNA from cells was obtained using the RNeasy method (Qiagen, Valencia, CA) according
to the manufacturer's direction. gRT-PCR was performed on an ABI Prism 7500 Sequence
Detection System (Applied Biosystems, Foster City, CA). Pre-standardized primers and
TagMan probes for microphthalmia-associated transcription factor (M/TF), dopachrome
tautomerase (DCT), tyrosinase (7YR), Melan-A/IMART-1 (MLANA), vimentin (VIM), and
E-cadherin (CDHI) mRNA were used (Applied Biosystems). The reverse transcription

and PCR was accomplished using a one-step protocol and TagMan Universal Master Mix
(Applied Biosystems). C; values were determined in duplicate, averaged, and the relative
number of copies (RQ) of mMRNA was calculated using the AAC; method. miR levels

were similarly assessed using TagMan MicroRNA Assay kits for human miRs 146a, 155,
181a, 20a, and 223 (Applied Biosystems) in a two-step process. Reverse transcription
reactions were first performed using a TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems). The product obtained was then used in PCR reactions using TagMan
universal master mix as above. RQ was determined using the AACt method. miR data
were normalized to a C. elegans synthetic miR sequence, cel-miR-39 (Qiagen), which was
spiked in as a control during RNA isolation. Factors with C; values > 37 were considered
“undetectable.”

NK cell cytotoxicity

NK cell cytotoxicity was determined using CytoTox 96 Assay (Promega, Madison, WI),
which measures lactate dehydrogenase release by the enzymatic reduction of a tetrazolium
salt into a red formazan product. A cytotoxicity experiment consisted of NK cells as
effectors combined with 2 x 103 tumor cells as targets at specific ratios (E:T) for measuring
experimental release, tumor cells and NK cells alone for measuring spontaneous release,
and tumor cells treated with lysing reagent for assessing total release, all in triplicate in

a 96-well plate. The plates were centrifuged at 50 g for 5 minutes and incubated at 37°C

in 5% CO, for 4 hours. After incubation, the plates were centrifuged at 500 g for 5
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minutes and 50 pl of the supernatant from each well was transferred to a fresh 96-well
plate. The supernatants were incubated with the reagents from CytoTox 96 Kit according to
the manufacturer's protocol. Relative light units were determined by measuring the optical
density colorimetrically at 490 nm using an ELISA reader and averaged. Percent lysis was
calculated using the following formula: 100% x [experimental — spontaneous (tumor + NK
cell) release/(total — spontaneous (tumor) release]. Cytotoxicity experiments were repeated
at least three times.

Anti-miR transfections were performed by electroporation (Nucleofector 4D System; Lonza
Cologne AG, Cologne, Germany). MUM2B and OCM1 cells (5 x 105) were suspended

in transfection medium consisting of 100 ul DMEM with 5 mM KCI, 15 mM MgCly,

15 mM HEPES, and 150 mM NayHPO4/NaH,PO4 (pH 7.2), and anti-miR-155 and anti-
miR-146a (Ambion, Austin, TX) were added (1 ul of 5 uM solution). Transfection was
accomplished with the FF-120 pulse. Cells electroporated without anti-miRs were used as
controls. Cells were then incubated in DMEM with 10% heat-inactivated fetal calf serum
cells for 1 hour prior to testing. Transfection efficiency was monitored using a co-transfected
GFP-expressing plasmid (Pmax GFP, Lonza).

Statistical analysis

Results

Data are presented as means + SD. Differences between specific groups of replicates were
analyzed by two-sided Student's ftest. £< 0.05 was considered significant. Differences in
RQ had also to be >0.5 log to be considered significant.

CSC from uveal melanoma cell lines differ in NK cell sensitivity

The NK cell susceptibility of the more invasive and metastatic MUM2B and the less
invasive and metastatic OCM1 uveal melanoma cell lines when propagated in DMEM as
monolayers was examined initially [30]. Susceptibility was compared to that of NK cell
sensitive K562 and NK cell resistant Daudi cells. OCM1 cells manifested susceptibility to
cytolysis mediated by NK cells isolated from the blood of normal donors and mediated

by the human NK cytotoxic cell line NK-92; MUM2B cells were more highly resistant
(Figure 1A and IB). Tumor factors associated with NK cell sensitivity were examined. Both
cell lines expressed the NK cell inhibitory F1LA-A,B,C (MHC class I) and stimulatory
MICA,; expression of both of these regulatory molecules was greater by OCML1 cells (Figure
2A). MUMZ2B cells expressed less melanocyte differentiation determinants, MITF, DCT,
MLANA, and TYR, than OCM1 cells, a characteristic of melanoma CSC (Figure 2B).
Furthermore, MUMZ2B expressed more V/M, which is associated with a CSC phenotype in
uveal melanoma; only very low levels of CDH1, which is inversely associated with a CSC
phenotype, were detectable (Figure 2B) [10,31].

CSC from each cell line were first enriched by selecting CD271* cells and tested for
susceptibility to NK cell cytolysis. CD271* cells derived from the same melanoma cell
line were equally susceptible to NK cell mediated lysis when compared to their CD271~
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counterpart (Figure 1B). Relative expression of melanocyte determinants was lower in the
CD271* fraction of OCML1 cells to the CD271" fraction consistent with less differentiation
(Figure 2B). Levels of HLA-A,B,C and MICA were similar (Figure 2A). NK cell sensitivity
of CSC enriched by another established method, namely culturing in stem-cell supportive
media to produce non-adherent spheres, referred to as melanospheres, was also examined.
MUM2B and OCM1 cells formed typical melanospheres (Supplementary Figure S1). The
susceptibility of the melanospheres to NK cell cytolysis mediated by NK-92 cells did not
vary from the monolayer counterpart (Figure 1B). Melanospheres that developed in both
cell lines were characterized by decreases in M/TFand MLANA and increases in VIM
consistent with de-differentiation (Figure 2C). The decreases in M/TFand MLANA in
OCM1 cells were >0.5 log. CD271 expression increased when the cell lines were propagated
as melanospheres (Figure 2D) compared to propagation as monolayers, whereas levels of
HLA-A,B,C and MICA were similar (Figure 2A).

Uveal melanoma CSC express and secrete NK cell regulatory miRs

The production of NK cell regulatory miRs by OCM1 and MUMZ2B cells was determined
(Figure 3A). Cellular expression of all miRs tested was found in both MUMZ2B and

OCML1 cells. Significant expression of miR-155 was observed by MUM2B cells but not

by OCML1. In contrast, miR-146a expression was greater in OCM1 cells. Expression of miRs
20a, 181a, and 223 was not significantly different. NK cell regulatory miR expression in
supernatants paralleled cellular expression with miR-155 expression only measureable in
MUMZ2B supernatants, and miR-146a, higher in OCM1 supernatants. CD271* cells isolated
from both cell lines expressed similar levels of miRs (Figure 3B). Culturing in stem-cell
supportive medium was associated with increases in miR-155 in OCML1 cells, though the
levels achieved were still 2-log less than that of MUMZ2B cells. Increases in miR-146a

were observed in MUMZ2B cells. Levels of miR-146a achieved in MUMZ2B were 1-log less
than those of OCML1 cells. miR-223 increased significantly in both cell lines (Figure 3C).
MUM2B and OCML1 cells transfected with anti-miR-155 and anti-miR-146a were tested for
NK cell sensitivity. Transfection significantly decreased the levels of the corresponding miR
in cell supernatants (Figure 4A). Transfecting MUM2B cells with anti-miR-155 increased
their NK cell sensitivity; OCML cell sensitivity was not altered. Transfecting MUM2B cells
with anti-miR-146a had no effect on their NK cell sensitivity; OCM1 sensitivity tended

to increase (Figure 4B). The increased NK cell sensitivity produced by anti-miR-155 in
MUMZ2B cells was associated with increases in melanocyte differentiation markers, M/TF
and MLANA (Figure 4C).

Circulating CD271"* cells have CSC characteristics and express NK cell regulatory miRs

That circulating melanoma cells in patients expressed CD271 was first examined by
immunofluorescence staining. Cell staining methods were first optimized using huffy coats
from normal volunteers spiked with SKMEL-28 cells, cutaneous melanoma cells known to
express CD271 (Supplementary Figure S2 and S3) [32], These studies also confirmed a lack
of expression of CD271 by peripheral blood leukocytes from normal volunteers. Cytospins
of huffy coats were prepared from patients with metastatic uveal melanoma and stained
with antibodies to CD271, Melan-A, and CD45 (Figure 5 and Supplementary Figure S4).
Approximately 1 in every 50,000 to 100,000 cells among the patient huffy coats stained
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with CD271 alone. There was heterogeneity in the size and shape of these CD271* cells.
Most were slightly larger than leukocytes with elongated or irregular shapes (Figure 5A),
while some were similar in size to leukocytes and more rounded (Figure 5B). Confocal
imaging revealed that some of the CD271* cells were also positive for melan A, indicating
melanocyte derivation (Figure 5C). In contrast to the normal volunteer preparations, isolated
cells that stained for both CD271 and CD45 were observed in the patient preparations. Cells
positive for both Melan-A and CD45 were not observed. The expression of melanocyte
differentiation determinants by CD271* cells isolated by positive selection from patients
with metastatic uveal melanoma were then assessed (Figure 6A). Levels were compared

to those of the less differentiated MUM2B and the more differentiated OCM1 uveal
melanoma cells. CD271* cells isolated from all patients expressed M/TF, the key regulatory
of melanocyte differentiation. DCT, MLANA, and TYR, melanocyte differentiation genes
downstream of M/TF, were not highly expressed, paralleling the less differentiated
expression pattern apparent in the NK cell resistant MUM2B cells. CD271 cells isolated
from patients with metastatic uveal melanoma were also cultured in stem-cell supportive
media. Melanospheres consistent with a CSC phenotype, formed (Figure 5D). These results
are consistent with a CSC-like phenotype of circulating CD271* cells in patients with
metastatic uveal melanoma. Figure 6B displays the NK cell regulatory miR expression of
CD271 cells isolated from patients with metastatic uveal melanoma. Similar to the uveal
melanoma cell lines, NK cell regulatory miRs were measurable in all samples. Notably,
significant expression of miR-155 was observed.

Discussion

NK cells and CSC are considered to play central roles in the metastatic progression of

uveal melanoma. That CSC would be protected from immune surveillance, as are embryonic
stem cells, would be of obvious survival benefit and necessary for the development of
metastasis. In several models, however, CSC have been shown to be sensitive to NK

cell cytolysis [17-19]. We examined CSC derived from the more aggressively metastatic
MUMZ2B and the less aggressively metastatic OCM1 uveal melanoma cell lines. Differential
NK cell sensitivity was observed. CSC isolated from MUMZ2B cells either by CD271*
selection or by propagation as melanospheres in stemcell supportive media, which increased
CD271 expression, were relatively resistant. CSC similarly isolated from OCM1 cells were
relatively sensitive. That CSC isolated from cell lines by propagation in stem-cell supportive
media or by positive selection are similarly sensitive to NK cell cytolysis than the non-CSC
counterpart has been observed in cutaneous melanoma models [19]. In other models, NK
cell lysis of CSC but not their differentiated progeny has been demonstrated, suggesting that
de-differentiation enhances NK cell sensitivity [18]. In the uveal melanoma models studied,
de-differentiation was not associated with increased NK cell sensitivity. Not only were the
poorly differentiated MUM2B cells resistant to NK cytolysis, the de-differentiation effected
by propagating cells as melanospheres did not increase sensitivity. CSC from both cell lines
expressed NK-cell inhibitory MHC class | and stimulatory MICA molecules, levels of which
were not substantially affected by CSC enrichment. Collectively, these data provide evidence
that NK cells can lyse some uveal melanoma CSC more efficiently than others. These data
also underscore the complexity of the interactions involved in conferring NK cell sensitivity.
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Increasing evidence support a role for miRs in immune regulation. We found that uveal
melanoma CSC express and secrete NK cell regulatory miRs. miR-155 was the most

highly and differentially expressed in the NK cell resistant MUM2B cells, increased the
sensitivity of MUM2B cells to NK cell cytolysis when inhibited, and was highly expressed
in circulating CD271* cells from patients with metastatic uveal melanoma. miR-155 has
been shown to regulate both the threshold and extent of NK cell activation by affecting
multiple signaling pathways. miR-155 regulates NK cell IFN-y and granzyme B production
and NKG2D expression [33,34], NK cell IFN-y production has also been shown to

increase with miR-155 overexpression [33]. IFN-y renders uveal melanoma cells resistant
to granule mediated lysis by cytotoxic lymphocytes [35]. Several other non-immunologic
roles in oncogenesis for miR-155 and the other miRs studied have been demonstrated.
miR-155 has been implicated in melanoma development [36]. miR-155 has also been
shown to promote CSC phenotypes and to regulate tumor adhesion, epithelial-mesenchymal
transition, invasion, migration, and angiogenesis [37-40]. CD271 has been used to identify
CSC not only in melanoma but also in neuroblastoma, oral, hypopharyngeal, and esophageal
squamous cell, and breast carcinomas [41]. The metastatic potential of CD271* melanoma
cells has been shown to vary [42], Our results indicate that expression of CD271 does not
confer NK cell resistance/sensitivity. Studies of the characteristics of CD271* cells in uveal
melanoma have been limited to cell lines /n vitro [12]. This is the first report characterizing
circulating CD271* cells in patients with uveal melanoma. The circulating CD271*

cells isolated manifested decreased expression of melanocyte differentiation determinants
characteristic of uveal melanoma CSC [43,44], Circulating CSC are considered to be central
to the metastatic process, the cellular subset that is not only be capable of evading from the
primary tumor, but also escaping from immune surveillance, surviving in the circulation, and
subsequently forming metastases in distant organs. CD271 expression is not neural or tumor
specific. It can be expressed by non-neural, normal circulating cells, including a subset

of B cells [45]. Other markers have been used to identify uveal melanoma CSC, such as

the transmembrane glycoprotein CD133 (prominin-1) [11]. CD133 is expressed by several
non-neural circulating cells, not only hematopoietic but also endothelial in origin [46,47].

That miRs play a role in regulating the metastatic properties of CSC is supported by several
studies [20]. Our results suggest the possibility that CSC miRs may play a role in regulating
immune surveillance of uveal melanoma. Molecular profiling of tumors can identify patients
with uveal melanoma at high risk for metastasis, but the mechanisms regulating the clinical
manifestation of metastasis, which can occur 10 to 15 years after primary therapy, are not
established [48,49]. Whether the sensitivity of uveal melanoma CSC to NK cell cytolysis
varies over time and the development of metastasis and the role of immune regulatory miRs
will require further study. Highly stable in the circulation, miRs hold great promise as a

new class of blood biomarkers of the metastatic process [50]. miRs are also potentially
therapeutic targets. That supplementing miRs /n vivo can stimulate protective antitumor
immunity has been demonstrated in mouse models [51]. Methods of directly modifying miR
expression are under investigation [52],
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(A) Cytolytic activity of IL-2 activated CD56*CD3~ NK cells isolated from normal donors
against MUM2B, OCM1, K562, and Daudi cells. Data represent mean + SD, n = 3. (B)
Cytolytic activity of NK-92 cells against CD271* MUM2B and OCM1 cells enriched by
magnetic cell sorting and against MUM2B and OCM1 cells propagated as monolayers in
DMEM (DMEM) or as melanospheres in stem-cell supportive media (SCM). Data represent

mean + SD, n = 4.
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Figure2.

(A) Expression of HLA-A,B,C and MICA by MUM2B and OCML1 cells enriched for
CD271* and CD271~ fractions by magnetic cell sorting and when propagated as monolayers
in DMEM (DMEM) or as melanospheres in stem-cell supportive media (SCM) for 3 days.
Data represent mean fluorescent intensity (MFI) + SD, n = 3. *, £<0.05 MUM2B vs.
OCML1. (B) Levels of melanocyte differentiation determinants of MUM2B and OCML1 cells
enriched for CD271* and CD271" fractions by magnetic cell sorting. Data represent mean
+SD,n=3.%* P<0.05CD271* vs. CD271". (C) Levels of melanocyte differentiation
determinants of MUMZ2B and OCM1 cells cultured in SCM for 2, 3, of 7 days compared

to culture as monolayers in DMEM. Data represent mean + SD, n = 3. *, £<0.05 SCM vs.
DMEM. (D) Expression of CD271 by OCM1 and MUM2B propagated either as monolayers
in DMEM or as melanospheres in SCM for 3 days. Data represent mean MFI £ SD, n = 3. *,
P<0.05 SCM vs. DMEM.
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(A) Cellular and supernatant NK cell regulatory miR expression of MUM2B and OCM1
cells. Data represent mean + SD, n = 4. *, £<0.05 MUM2B vs. OCML. (B) Cellular
expression of NK cell regulatory miR by MUM2B and OCM1 cells when enriched for
CD271" and CD271" fractions by magnetic cell sorting. Data represent mean + SD, n = 3.
(C) Changes in cellular NK cell regulatory miR expression of MUM2B and OCML1 cells
cultured in stem-cell supportive media for 2, 3, or 7 days compared to culture as monolayers
in DMEM (Day 0). Data represent mean + SD, n = 3. *, £<0.05 vs. Day 0.
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Figure 4.

(A) Supernatant NK cell regulatory miR production of MUM2B and OCML1 cells transfected
by electroporation with anti-miR-155 and anti-miR 146a compared to cells electroporated
without anti-miRs (NT). Data represent mean + SD, n = 3. *, £<0.05 vs. NT. (B) Effect
of anti-miR-155 and anti-miR-146a on sensitivity of MUM2B and OCM1 cells to NK cell
lysis mediated by NK-92 cells at an E:T ratio of 5:1 compared to cells electroporated
without anti-miRs (NT). Data represent mean £ SD, n = 3. *, £<0.05 vs. NT. (C) Levels
of melanocyte differentiation determinants of MUM2B and OCM1 cells transfected by
electroporation with anti-miR-155 and anti-miR 146a compared to cells electroporated
without anti-miRs (NT) cultured for 3 days in DMEM. Data represent mean + SD, n =
3.*, P<0.05 vs. NT.
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Figure5.
(A and B) Examples of blood nucleated cells from patients with metastatic uveal melanoma

that were positive for CD271 and negative for CD45 (arrows) and (C) virtual confocal
imaged slice cells of cells positive for CD271 and Melan-A (arrow). Nuclei are visualized
with DAPI (blue color). (D) Example of the formation of non-adherent spheres by CD271*
circulating cells from a patient with metastatic uveal melanoma cultured for 4 days in
stem-cell supportive media.
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Figure 6.
(A) Levels of melanocyte differentiation determinants of CD271* cells isolated from the

blood of four patients with metastatic uveal melanoma (Pt1-4) compared with MUM2B and
OCML1 cells. Data represent means of duplicate determinations. (B) NK cell regulatory miR
expression of CD271* cells isolated from the blood of nine patients with metastatic uveal
melanoma. Data represent means of duplicate determinations.
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