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Abstract

Background—Uveal melanoma (UM) is the most common primary intraocular malignancy in
adults. Early treatment may improve any chances of preventing metastatic disease, but diagnosis
of small UM is challenging. Up to 95 % of all UMs carry somatic mutations in the G-coupled
proteins GNAQ and GNA11 promoting anchorage-independent growth and proliferation. About
50%o0f UMs are fatal. Once metastatic, patients have limited options for successful therapy.

Methods—We have developed functionalized gold nanoparticles (AuNPs) to visualize
transcripts of mutant GNAQ mRNA in living cells. In addition to their suitability as a specific tool
for GNAQ mutation detection, we have developed a novel linker that enables conjugation of
siRNAs to AuNPs allowing for greater and more rapid intracellular release of siRNAs compared
to previously described approaches.

Results—Binding of modified AUNPs to matching target mMRNA leads to conformational
changes, resulting in a detectable fluorescent signal that can be used for mutation detection in
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living cells. Knockdown of GNAQ with siRNA-AuUNPs effectively reduced downstream signals
and decreased cell viability in GNAQ mutant uveal melanoma cells.

Conclusion—AuNPs may in future be developed to serve as sensors for mutations of vital
importance. The new release system for sSiRNA-AuNP improves previous systems, which
conceivably will be useful for future therapeutic gene regulatory approaches.

Keywords
SiRNA; GNAQ); Fluorescence; Treatment; Linker

1 Background

Uveal Melanoma (UM) originates from intraocular melanocytes and is the most common
primary intraocular malignancy, affecting 57 people/million/year (Hu and McCormick
2011; Shields and Shields 2009). More than 90 % of UM involve the choroid, the remainder
occurring in the ciliary body or iris (van den Bosch et al. 2010; Singh et al. 2005). Up to one
half of patients develop metastasis. Metastatic spread occurs hematogenously, involving the
liver in over 90 % of patients with disseminated disease (Bakalian et al. 2008; Diener-West
et al. 2005; Scholes et al. 2003).

Most large and medium-sized UMs can be diagnosed clinically. Diagnosis based on clinical
findings such as the thickness of the lesion, presence of subretinal fluid and orange pigment,
tumor proximity to the optic disk and clinical symptoms such as impairment of vision
(Shields et al. 2009). A challenge remains with predicting the biological behaviour of small
melanocytic proliferations. Indeterminate pigmented lesions need to be observed and about
one third of small tumors show growth in follow-up examinations (Butler et al. 1994). Even
though evidence suggests that small lesions can be followed safely and lethal courses are
rare, it is still to mention that tumor size and patient outcomes have also been found to
correlate (Damato et al. 2009; Kujala et al. 2003; Shields 2009).

The management of patients with UM has recently been revolutionized by the discovery that
metastasis almost exclusively occurs in patients with tumors that show chromosome 3 loss
or a class 2 gene expression profile (Damato et al. 2010a; Harbour 2014; Scholes et al.
2003). In addition, a growing number of genetic alterations have been shown to correlate
with survival (Harbour et al. 2010). There is much scope for (in vivo) genomic analysis of
uveal tumors, to predict metastatic disease and identify which asymptomatic tumors can be
safely observed and which require therapy.

Several studies have identified mutations in the alpha subunit of the G-coupled protein
GNAQ/GNA11 which occur in approximately 90 % of UMs and which predominantly result
in the substitution of glutamine by proline (Q209P) or leucine (Q209L) (Van Raamsdonk et
al. 2009, 2010). This region is critical for the intrinsic GTPase activity of the protein of
which mutations cause constitutive activation, making GNAQ/GNA11 a bona fide
oncogene. To date, to our knowledge, it has been impossible to synthetically restore the
enzymatic activity of mutant GNAQ or target the permanently active protein. There is a lack
of treatment effective for UM metastases. The high prevalence of GNAQ mutations in UM
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make mutant GNAQ a possibly interesting candidate for new therapeutic approaches
(Populo et al. 2011).

In this study we sought to answer 2 questions: Can AuNPs be functionalized to detect
specific GNAQ mutations? Can AuNPs be modified to achieve GNAQ gene regulation?

First, we provide evidence that functionalized AuNPs can be used to visualize mutant
GNAQ mRNA. Upon binding of the fluorophore-labeled oligonucleotides to its
complementary sequence, the quenched fluorescein is relocated away from the AuNP core
producing a detectable signal in viable cells.

Second, using AuNPs that release distinct small interfering RNAs (siRNAs), we
demonstrate target gene regulation, reduced protein expression and decreased cell viability.
siRNAs are bound to AuNPs through a novel release system that allows the release of
SiRNA fast and to a greater extent compared to previous methods once the nanostructure
reaches the cytoplasm. The ability of nanoconjugates to prevent siRNA degradation and to
allow the delivery into cells without the use of transfection or permeabilization reagents has
the potential to improve targeting of hitherto undruggable, driving oncogenes (Conde et al.
2013; Ghosh et al. 2008; Wall and Shi 2003).

2.1 GNAQ and GNA11 mutations are frequent in uveal melanomas, indeterminate and
benign uveal melanocytic proliferations

GNAQ and GNA11 mutations are frequent in UM. We have sequenced 5 uveal melanomas
and found mutations in all 5 tumors. In addition, we also sequenced 4 indeterminate uveal
melanocytic proliferations that were initially classified as benign or indeterminate, but
progressed to UM over time; interestingly, all tumors harboured mutations in GNAQ
orGNAL11. Little is known about the mutation status of GNAQ and GNAL11 in benign uveal
melanocytic proliferations. One out of 4 uveal nevi sequenced in this study carried a
mutation in GNAQ, suggesting that these genetic aberrations are not limited to UM. Even
though GNAQ mutations seem to be more prevalent in malignant melanocytic tumors
sequenced in this study, they might also be present in benign uveal melanocytic
proliferations and are therefore of limited value in distinguishing benign from malignant
lesions (Table 1).

2.2 Aim 1 — mutation detection. Schematic structure and functionality of modified AuUNPs
for mutation detection

In this study, we used AuNPs modified with oligonucleotides, which were conjugated to a
fluorescein derivative and are capable of folding into a hairpin structure. In this
conformation, the fluorescent tag is in close proximity to the gold core, which quenches the
fluorescent signal (Fig. 1a). After binding to the complementary mRNA transcripts of the
gene of interest (Fig. 1b), the hairpin shaped oligonucleotides unfold, shifting the fluorescein
derivative away from the gold core (Latorre et al. 2014b). This structural rearrangement
leads to a detectable increase in fluorescence (Fig. 1c). To test specificity of modified
AUNPs to detect single nucleotide changes, we designed AuNPs recognizing the wild type
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and the mutant transcript of GNAQ. Characterisation of AuUNPs revealed that gold particle
designs were stable in liquid solution (PBS). About 4.5 uM of molecular beacons were
loaded onto 15 nM of AuNPs and loaded with about 300 molecular beacons per particle
(Fig. S1). AuNPs modified to recognize the mutant transcript (AuUNP™Ut) gave a strong
fluorescent signal when incubated with synthesised oligonucleotieds of the matching, mutant
GNAQ transcript. In contrast, AUNPs bearing the wild type detection sequence only barely
showed an increase in fluorescence (Fig. 1d).

2.3 Mutation detection in GNAQ mutant uveal melanoma cells

To demonstrate the capacity of modified AuNPs to detect target gene mutations in live cells,
we incubated the human uveal melanoma cell lines OMM1.3, Mel202 and C918 and the
cutaneous melanoma cell line Sk-Mel-2 with modified AuNPs. We found a near 4-fold
increase in fluorescence measured by flow cytometric analysis when GNAQR20% mutant
OMML1.3 cells were incubated with AuNPs that specifically recognize the mutant transcript
(Fig. 2a). Non-targeting control AuNPs served as a baseline, negative control. In contrast,
Mel202 cells harbouring a different GNAQ mutation (GNAQ®2%L) and the GNAQ wild
type cell lines Sk-Mel-2 and C918 only gave a marginal increase in signal compared to cells
incubated with AuNPs bearing a non-matching control sequence. Confocal microscopy of
OMM1.3 cells incubated with AuNPs that specifically recognize the GNAQQ209 mutation
(AuNP™MUY revealed a significant increase in the fluorescent signal in GNAQ mutant
OMM1.3 cells compared to AuNPs bearing the wild type sequence (AuNP"Y. Also, GNAQ
wild type Sk-Mel-2 cells did not show an increase of fluorescence when incubated with
AuNPs™Ut sypporting the specificity of AuNPs for mutation detection (Fig. 2b).

2.4 Aim 2 —targeting un-druggable proteins. A disulphide moiety improves the release of
siRNA targeting GNAQ from modified AuNPs

Single AuNPs can be functionalized to serve as a carrier of several active molecules such as
siRNAs with the additional benefit of preventing siRNA from being degraded rapidly (Wall
and Shi 2003). In most cases, siRNAs are modified with thiol groups to facilitate their
conjugation to AuNPs (Conde et al. 2013; Lee et al. 2011). The active molecule is then
released in the presence of reducing agents such as glutathione (GSH). This release,
however, is slow and inefficient, which reduces the availability of active siRNA for gene
regulation and limits resultant knockdown capacity of sSiRNA-AuNPs. To improve the
release of siRNA from AuNPs, we have developed a new approach for the modification and
preparation of sSiRNAs-AuNPs, which increases release-efficacy and is faster and easier to
perform than previously reported approaches (Lee et al. 2009). This modification has two
major features: i) a dithiolane moiety that facilitates the conjugation with AuNPs and ii)
disulphide groups that promote the release of siRNAs in the presence of GSH (Fig. 3a).

We assessed our novel modification in vitro by comparing AuNPs bearing this new release
system (AuNP'ease) with AuNPs bearing only the dithiolane functionality (AuNpdithiolaney
but lacking the disulphide moiety. In these experiments, we used DNA stands containing a
fluorescein molecule on the 5” end and the release system modification on the 3’ end. DNA
release was monitored over time and measured by the increase of fluorescence emission
upon incubation with GSH at 1 mM concentration. Our results demonstrate that AuNpPrelease
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release oligonucleotides significantly faster and to a greater extent than AuNpdithiolane (Fjq
30).

2.5 AuNPs modified with siRNA targeting GNAQ affect downstream signaling and reduce
cell viability in GNAQ mutant cells

In the next set of experiments, we used our release system to prepare sSiRNA-AUNPs to
target defined GNAQ transcripts (Fig. 4a). Due to high intracellular concentrations of GSH,
especially in malignant cells, most sSiRNA were released intracellularly (Estrela et al. 2006;
Latorre et al. 2014a). siRNAs were also modified at the 3’-end of the guide strand with a
derivative of threoninol. This modification has improved the stability of sSiRNAs in serum
without reducing the inhibititory activity (Somoza et al. 2010). Using siRNA-AuUNPs
targeting GNAQ, we sought to modulate GNAQ protein levels, downstream signaling and
cell viability in GNAQ mutant cells. Incubation of cells with sSiRNA-AuNPs for 3 days
caused a significant reduction of cell viability in the GNAQ mutant UM cell line OMM1.3.
The wild-type cell line Sk-Mel-2 on the other hand remained largely unaffected.
Immunoblot analyses showed a reduction of GNAQ protein levels and a decrease of p-ERK
levels inOMM1.3 cells confirming the on-target effect of SiRNA modified AUNPs compared
to AuNPs bearing a non-targeting control sequence (AuNPSCR) (Fig. 4b, c).

3 Discussion

Clinical examination of melanocytic lesions in the eye is an important modality for the
diagnosis of UM. Although large and medium-sized uveal melanomas can readily be
diagnosed, it is often difficult to clinically distinguish small melanomas from benign nevoid
proliferations (Damato and Damato 2012; Shields et al. 2004; Shields and Shields 2009).
The management of patients with a melanocytic tumor of uncertain malignancy can be
difficult, requiring a choice between three options: i) observation, with an uncertain risk of
metastatic spread; ii) treatment, which may cause severe visual loss and iii) biopsy, which
demands both for the surgeon and the laboratory team, and is at risk of ocular complications.

With advances in our understanding of the genetic background and mutational status of
UMs, molecular testing of ocular tumors has become routine in clinical practice, as a means
of predicting survival (Damato et al. 2009, 2010a; H6glund et al. 2004; Harbour 2014;
Onken et al. 2012; Shields et al. 2011). At present, genetic analyses require tumor material,
which is generally acquired by biopsy. Even if lethal genetic abnormalities are excluded,
additional aberrations may develop while the tumor is under ophthalmoscopic surveillance,
so that sequential genomic analysis may be needed. Minimally invasive tests would
therefore be valuable to determine the malignant potential of indeterminate melanocytic
uveal tumors and would thus considerably improve patient care.

Several research groups using comparable approaches for AuNP designs have demonstrated
that AuNPs can be modified to detect single nucleotide changes. However, a major
limitation in the characterization of AuUNP efficacy in most studies is that the specificity of
the nanostructures was mainly assessed with short (18-20 bases) uniform, synthesized
oligonucleotides that only harboured matching versus non-matching target mRNA
sequences (Chen et al. 2008; He et al. 2012; Prigodich et al. 2009). We have shown that our
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functionalized AuNPs selectively detect a specific mutant transcript in living human cells.
For this proof-of-principle study we chose GNAQ as our gene of interest and selectively
detected mutations in live, GNAQ mutant cells. This approach has the potential to serve as a
platform for the development of additional AUNP designs that can be used for the genetic
characterization of cells. AuNPs used in this study as well as AuNPs similar in structure
targeting other genetic alterations could ultimately be optimized for applications aimed at
detecting mutations in vivo.

Regardless of size, the biological behaviour of UMs can vary greatly. Recent research has
validated genetic profiles to identify patients that are more likely to develop metastases and
who will eventually succumb to their UMs. Molecular tests including gene expression
profiling and multiplex ligation dependent probe amplification are useful tools to assess
genetic aberrations which help categorizing Ums (Damato et al. 2009, 2010a; Hoglund et al.
2004; Harbour 2013, 2014; Onken et al. 2012). The genetic signature of UMs is particularly
important for follow-up and treatment decisions: Class | UMs usually grow locally but
uncommonly metastasise, whereas class Il UMs and UMs with loss of chromosome 3
invariably lead to disseminated disease, which is fatal in more than 70 % of cases. Even
though genetic analysis of GNAQ does not distinguish class | from class 11 UMs, AuNPs
can be modified to target other mRNA sequences, such as BAP1, CCND1, BCL-2, AKT3 or
detect chromosomal aberrations such as loss of chromosome 3 or gain of chromosome 8q
which are associated with poor prognosis (van den Bosch et al. 2010; Damato et al. 2010b;
Harbour 2013; Harbour et al. 2010; Onken et al. 2007; Scholes et al. 2003). We envision
that in the future functionalized AuNPs may serve as a tool to provide genetic information
on tumor cells in vivo, potentially facilitating the classification of UMs without requiring a
biopsy.

Once UM has metastasised, treatment rarely prolongs life, so that the median overall
survival is only 6-9 months from symptomatic disease (Bedikian et al. 1995; Kujala et al.
2003). Somatic mutations of GNAQ and GNA11 have been shown to drive UM growth and
progression. They impair the intrinsic enzymatic activity of the protein, resulting in
anchorage-independent GNAQ signalling (Van Raamsdonk et al. 2009, 2010; Sisley et al.
2011). Even though GNAQ provides an interesting target for treatment and drug
development, the design of small molecule inhibitors specifically targeting constitutively
active GNAQ has thus been unsuccessful. Despite the fact that SIRNA mediated GNAQ
knockdown has been shown to inhibit UM cell proliferation and to shrink tumors in animal
models, significant challenges in the delivery of such GNAQ-targeting oligonucleotides in
vitro and in vivo persist (Patel et al. 2011; VVan Raamsdonk et al. 2009).

We have modified AuNPs with siRNA directed against GNAQ using a novel linker that
enables the conjugation of siRNAs to AuNPs and improves the release of siRNAs in the
presence of reducing molecules such as GSH. The cytoplasmatic concentration of GSH
exceeds the concentration in the extracellular space significantly, enhancing intracellular
release of the active molecule. In addition, we have previously shown that malignant cells
have higher concentrations of GSH compared to non-malignant cells thereby increasing the
delivery of therapeutics with AuNPs in cancer cells (Latorre et al. 2014c). We found that
incubation with sSiRNA-AuNPs reduced GNAQ protein levels and disrupted the mitogen
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activated protein kinase signalling pathway (MAPK) downstream of GNAQ (Fig. 4). As
expected, we also observed that knockdown of mutant GNAQ with sSiRNA-AUNPs results in
a significant decrease of cell viability consistent with the established role of the MAPK
pathway in maintaining cell viability. In contrast, wild type cells remain largely unaffected.

AUNPs can be functionalized with any siRNAs that specifically interfere with diseases
propagating transcripts for the improved treatment of a given diseases. The unique
properties of AuNPs hold particular promise for medical applications; they i) function as
carriers of active molecules, such as antisense RNAs and therapeutics such as doxorubicin
or AZD8055; ii) protect active molecules from degradation and iii) enable cellular uptake
without the need of transfection or permeabilization reagents (Conde et al. 2012; Ding et al.
2014; Ghosh et al. 2008; Latorre et al. 2014c; Lee et al. 2009, 2011; Prigodich et al. 2009).
Functionalized AuNPs individually modified with therapeutics relevant to the mutation and
signaling characteristics of individual patients, would be a valuable addition to current local
or systemic treatment modalities with the potential to target molecules such as GNAQ that
are to date considered un-druggable.

4 Conclusion

Our study provides evidence that modified AUNPs can be functionalized to detect single
nucleotide changes in cells. Furthermore, we have developed a novel linker that has the
potential to increase the efficacy of siRNA-AUNP mediated gene regulation. Both AuNP
designs are conceivably useful for future diagnostic and therapeutic applications.

5 Material and methods

Oligonucleotide synthesis

Oligonucleotides were prepared using a MerMade4 DNA and RNA Synthesizer using
phosphoramidites (Link Technologies). DNA oligonucleotides were prepared at 1 uMol
scale. After solid-phase synthesis, the solid support was transferred to a screw-cap glass vial
and incubated at 55 °C for 4 h with 2 mL of ammonia solution (33 %). After the vial was
cooled on ice, the supernatant was transferred by pipette to microcentrifuge tubes and the
solid support and vial were rinsed with water. The combined solutions were evaporated to
dryness using an evaporating centrifuge. RNA samples were further treated with TBAF to
remove TBDMS groups following the procedure suggested by Link Technologies. Then,
samples were purified by 20 % polyacrylamide gel electrophoresis and the oligonucleotides
were eluted from gel fractions using an elutrap system. The solutions were desalted using a
NAP-10 column and concentrated in an evaporating centrifuge.

Preparation of modified AUNPs

Gold nanoparticles (AuNPs) were prepared by the Turkevich method, where HAuCl, and
sodium citrate are mixed in boiling water (Kimling et al. 2006). This procedure affords
AUNPs of 13 nm at around 12 nM concentration as a stable reddish dispersion where the
gold metallic core is decorated with citrate groups. Subsequently, AuNPs were modified
using an excess of oligonucleotides with a dithiolane group, which allows for rapid
interaction to yield stable modified AuNPs. The particles showed a characteristic peak at
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520 nm in the UV-vis spectra, and also revealed a peak fluorescence emission, recorded at
518 nm after 20 min incubation with the matching target sequence (exCitation at 470 nm)
(Fig. Sla,b). The UV/VIS spectra were recorded at room temperature with the Synergy H4
microplate reader. In order to quantify loading of oligonucleotides onto the nanoparticles,
DNA strands were labeled with a fluorescein molecule at the 5’ end. After conjugation with
the nanostructures, fluorescence of the supernatant was quantified (Aexc=470 nm, Aem=520
nm) to determine loading efficacy. A detailed description of all chemical structures
including the syntehsis of modified solid supports, sequences of oligonucleotides as well as
NMR spectra is given in the electronic SI 2—-6.

Cell lines and cell culture

Human melanoma cell lines OMM1.3, Sk-Mel-2, C918 and Mel202 were a generous gift
from Boris Bastian at the University of California San Francisco. All cell lines were
maintained in RPMI 1640 medium supplemented with 10 % FBS and incubated at 37 °C
under 5 % CO,.

Flow cytometry

Cells were incubated with medium containing AuNPs at a concentration of 5nM for 6 h.
Then the medium was replaced, cells were washed with PBS and analyzed with the
AccuriC6 Flow Cytometer® using the CFlow® software (Version 1.0.227.4). Results
represent the average of three independent experiments with error bars indicating the
standard deviation. Non-modified AuNPs served as controls.

Imaging
Cells were grown in 2-well glass chamber slides at sub-confluent levels and incubated with
5nM GNPs. Cells were stained with CellMask Deep Red Plasma membrane Stain (Life
Technologies, C10046) and DAPI (Vector, H-1200). Images were taken with the Zeiss
Confocal Laser-scanning Microscope (LSM 510) using a 63x oil immersion objective with a
1.4 NA. The filter sets and laser lines used were: CellMask Deep Red Plasma membrane
Stain: excitation 633 nm, BP 650-710; fluorescein: excitation 470 nm BP 500-610; DAPI:
excitation 800 nm, BP390-465.

Cell viability assay

All viability assays were at least carried out in triplicates. The relative number of viable cells
was calculated using CellTiter-Glo® (Promega, G7570) after 72 h of incubation with the
indicated conditions. Total luminescence was measured on the SynergyHT plate reader
(BioTek) using Genb5 software (Version 1.11.5). Cells were treated with the indicated
AuUNPs in concentrations ranging from 1.5 UM to 375 nM.

Sequencing

Archival left over tissue from patients with UM were generously provided by Devron Char
at the California Pacific Medical Center San Francisco. Formalin fixed and paraffin
embedded tissue was cut in 7 pM sections. Tumor cells were extracted by hand micro
dissection under a 10x magnifying dissection microscope. A haematoxylin and eosin stained
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reference slide was used for orientation. DNA was extracted using the QIAmp DNA FFPE
tissue kit (Qiagen 56404) according to the manufacturer’s recommendations. The following
M13-PCR primers were used: GNAQ (F) 5-TGTAAAACGACGGCCAGTAATCCATTG
C-3 GNAQ (R) 5-AGCGGATAACAATTTCACACAGGTTTTCC-3 GNA11 (F) 5/-
TGTAAAACGACGGCCAGTCGTCCTGG GA-3¥ GNALL (R)
AGCGGATAACAATTTCACACAGGC TTGG-3'. Sanger sequencing was carried out after
clean-up of PCR products with exonuclease | and Shrimp alkaline phosphatase. Sequences
were then analyzed with the Mutation Surveyor Version 4.0.9 (Softgenetics).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

a Schematic structure of gold nanoparticles. Oligonucleotides are modified with a
fluorescein derivate on the 5’ end and a dithiolane moiety on the 3’ end to anchor the
oligonucleotide to the AuNP. b, c After binding of the complementary, target MRNA
sequence, the hairpin structure unfolds resulting in a fluorescent signal. d AuNPs designed
to recognize the mutant transcript of GNAQ (AuNP™UY) give a stronger fluorescent signal
than AuNPs detecting the wild type sequence (AuNPWY)
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Fig. 2.

a ?n the GNAQ mutant cell line OMML1.3, gold nanoparticles bearing the exact, mutant
GNAQ sequence (AuNP™UY) give a strong fluorescent signal, whereas the UM cell line
Mel202 harbouring a different GNAQ mutation and the wild type cell lines Sk-Mel-2 and
C918 only show a marginal increase in fluorescence. Bars represent the increase of
fluorescence compared to untreated controls measured by flow cytometric analysis (FACS).
Error bars represent the standard deviation. b Confocal microscopic pictures of the GNAQ
mutant UM cell line OMM1.3 and the GNAQ wild type cell line Sk-Mel-2 incubated with
the indicated AuNPs. (Green = fluorescein, red = deep red plasma membrane stain, blue =
DAPI)
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Fig. 3.

a gchematic structure of AuNPrelease gnd AuNpdithiolane |y The new release system
(AuNPrelease) improves the release of oligonucleotides in the presence of GSH measured by
the increase of fluorescence over time. The active molecule is released faster and to a greater
extent compared to AuNPs that lack the disulphide modification (AuNpdithiolane)
([AuNPs]=3 nM; [GSH]=1 mM)
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a gchematic structure of AuNPs for siRNA delivery. siRNA targeting GNAQ was anchored
onto the AuNPs with a dithiolane molecule, which also bears a disulphide moiety to allow a
fast an efficient release of siRNA after interaction with glutathione (GSH). b The GNAQ
mutant cell line OMML.3, depended on GNAQ signalling, showed a reduction of cell
viability with AuUNPSIRNA(GNAQ) '\hereas viability of the GNAQ wild type cell line Sk-
Mel-2 remained unchanged. Bars represent the viability of cells after 72 h incubation with
the indicated AuNPs. (N=4, error bars represent the standard deviation of the mean) c
Immunoblot analyses showed reduction of GNAQ protein and the major downstream
effector p-ERK after incubation with AUNPSIRNA(GNAQ)
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Table 1

Mutation status of uveal tumors, initial clinical and final, follow-up diagnosis

Initial diagnosis ~ Follow-up diagnosis Mutation status
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Uveal melanoma  Uveal melanoma GNA11(Q209L)
Uveal melanoma Uveal melanoma GNAQ(Q209P)
Uveal melanoma  Uveal melanoma GNAQ(Q209L)
Uveal melanoma Uveal melanoma GNAQ(Q209P)
Uveal melanoma Uveal melanoma GNA11(Q209L)
Small uveal nevus  Uveal melanoma GNAQ(Q209R)
Small uveal nevus  Uveal melanoma GNAQ(Q209P)
Melanocytoma Uveal melanoma GNAQ(Q209P)
Melanocytoma Uveal melanoma GNAQ(Q209P)
Uveal nevus Uveal nevus GNAQ(Q209P)
Uveal nevus Uveal nevus GNAQ(wt) GNALL(wt)
Uveal nevus Uveal nevus GNAQ(wt) GNAL1(wt)
Uveal nevus Uveal nevus GNAQ(wt) GNALL(wt)
wt wild type



