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Abstract

e AIM: To examine the genetic profile of primary uveal
melanoma (UM) as compared to UM in immune escape.

e METHODS: Dendritic cells (DC) loaded with lysates of

UM cells of high metastatic potential were used to
stimulate cytotoxic T-lymphocytes (CTLs). When CTLs
co —cultured with the UM cells, most UM cells could be
eliminated. Survival UM cells grew slowly and were
considered to be survival variants and examined by a
microarray analysis. These differential genes were
analyzed further with Venn Diagrams and functions
related to immune escape. We additionally examined
transcriptional changes of manually selected survival
variants of UM cells and of clinical UM samples by
quantitative real-time polymerase chain reaction (RT-PCR),
and analyzed the correlation of these expressions and
patients” survival.

e RESULTS: Gene expression analyses revealed a

marked up -regulation of S/ZAMF7 and CCL2Z and a
significant down -regulation of AZ770 , FXVD3 and
ABccz2. The expression of these genes in the relapsed
UM was significantly greater than those in primary UM.
UM patients with overexpression of these genes had a
shorter survival period as compared with those of their
underexpression.

e CONCLUSION: Gene expression, in particular of

SLAMF7, CCLZ2, KRTT0, FYYD3and AFcCC?, differed
between primary UM cells and survival variants of UM
cells.
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INTRODUCTION
U veal melanoma (UM) is the most common malignant
intraocular tumor in adults and the second most
common type of melanoma . The primary tumor can be
treated by irradiation or by surgical resection, the survival of
patients with UM is strongly linked to the development of
distant metastases, which usually arise in the liver @, As a
malignant intraocular tumor, UMs may benefit from the
immune privilege of intraocular compartment. It has been
assumed that the UM cells when metastasizing keep elements
of the ocular immune privilege as protection against an attack
and destruction by lymphocytes P In addition, UM cells can
destruction by inhibiting the
immunostimulatory function of dendritic cells (DC)™, by
impairing the T-cell function of programmed death-1 (PD-1)

escape the immune

and programmed death-ligand 1 (PD-L1) interaction™, and by
autocrine secretion of the Fas ligand (FasL or CD95L). The
development and propagation of UM cells can thus take
place despite the activation of cytotoxic T-lymphocytes
(CTLs) as response of the host immune system. Although the
eye is an immunoprivileged site, enlarging UMs can show a
dense lymphocytic infiltration ™. Interestingly, the amount of
the anti-tumor immune response characterized by a dense
lymphocytic tumor infiltration including T-suppressor/CTLs",
macrophages and regulatory T-cells has been correlated with
the immune escape of the tumor cells®?,

To explain the high immunogenicity of UMs M previous
studies analyzed the secretion of cytokines and chemokines
which mediated the inflammatory responses ), or inhibited
the immune cell functions ™. These studies revealed that
these cytokines, chemokines and infiltrating immune cells
could influence the inflammatory tumor microenvironment
that not only helped the tumor to suppress immune reactions
but also aided the growth of new blood vessels for supporting
the tumor growth ™. Immune cells involved in this process
were Foxp3+

regulatory T-cells [ myeloid-derived
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suppressor cells!™, and CD68+/CD163+ M2 macrophages™.
However, these studies did not address the phenomenon of
the immune escape of UM cells that can lead to extraocular
metastases. They also have not examineed the changes
occured in the survivial, variants of UM cells, such as
alterations in gene expression or protein translation. Little
was known about the gene expression profile of the immune
escape variants of UM cells. As a consequence, molecular
markers that would allow a selective targeting of UM cells
and which could thus interrupt the metastatic cascade have
not been developed yet. The development of tumor cell
escape variants due to an immunoediting may also explain
the failure of CTLs to eliminate tumor cells completely .
One of the other common mechanisms for the escape form
CTL associated immunosurveillance is the lack of surface
expression of HLA class I molecules on UM cells and
subsequent loss of the non-classical major histocompatibility
complex (MHC) molecules MIC-A/B expression during the
progression of UM cells """, UM cells lost HLA class I
would be immunoselected under immune pressure.
MATERIALS AND METHODS

Cell Culture The UM cell line MUM-2B was obtained from
the Beijing Ophthalmology and Visual
Laboratory. MUM-2B is an epithelial cell type with a high
metastatic potential. It was maintained in RMPI-1640 (Gibco,
Life Technologies Grand Island, NY, USA) with 10% fetal
calf serum (Gibco, Life Technologies, Carlsbad, CA, USA)
at 37°C in a 5% CO,incubator.

Preparation of Human Dendritic Cells Human immature

Science Key

DCs were prepared from peripheral blood mononuclear cells
which were obtained from a healthy donor ™. The DCs were
prepared by a Ficoll/Paque density gradient centrifugation
Life Carlsbad, CA, USA).
Peripheral blood mononuclear cells were seeded (9x10° cells/

(Invitrogen, Technologies,
3 mL/well) into 6-well plates (Corning Costar Corp.,
Cambridge, MA, USA) in RPMI-1640 medium. After 1.5h of
incubation at 37°C , adherent cells were used for the
generation of DCs by adding granulocyte macrophage colony
stimulating factor (1000 IU/mL, Peprotech, Rocky Hill, NJ,
USA) and interleukin 4 (500 IU/mL, Peprotech).

At least 3 to 6 million MUM-2B cells in suspension were
smashed by an ultrasonic cell disrupter (Safer Co., Nanjing,
China) to prepare cells as antigens ™. Tumor antigen protein
concentrations were determined using Bio-Rad protein assay
reagents (Bio-Rad Laboratories, Hercules, CA, USA)™.
T—cell Stimulation and Cytotoxic T—cell Assays Against
High Metastatic Potential Uveal Melanoma Cell 2z Fizro
The non-adherent lymphocytes were stimulated with
autologous DCs loaded with MUM-2B lysates at a ratio of 5:1.
The MUM-2B lysates and the DCs were co-cultured
overnight before they were seeded with the lymphocytes.
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Interleukin-2 (300 IU/mL; Peprotech) was added to the cell
The
lymphocytes were re-stimulated with DCs every 5d for up to

cultures the next day and every 3d thereafter.

2 stimulations, which consistently resulted in more than 90%
of CD3+ T-cells 2*21,
MUM-2B
dehydrogenase release assay (CytoTox 96 Non-Radioactive
Cytotoxicity Assay, Promega Co., Madison, WI, USA)
according to the manufacturer's protocol. Target cells were

Cytotoxic T-lymphocyte-mediated

cytotoxicity was tested wusing the lactate

the cells of the high metastatic potential UM cell line
MUM-2B. The ratio of effector and target cells was 2.5:1, 5:1,
10:1, 20:1 and 40:1.

Flow Cytometry Analysis For flow cytometry analysis,
one million cells were stained with a solution containing
buffer (BSA), 2
ethylenediaminetetraacetic acid (EDTA), and flow antibodies
for 30min at 4°C.

We used the following antibodies: anti-CD1l1c (conjugated

1%  pharmingen stain mmol

with fluorescein isothiocyanate), anti-CD83 (conjugated with

phycoerythrin), HLA-DR  (conjugated with peridinin-

chlorophyll-protein),  anti-CD86 (conjugated  with
phycoerythrin), anti-CD40 (conjugated with fluorescein
isothiocyanate), and anti-CD80 (conjugated  with

phycoerythrin) (BioLegend, Inc., San Diego, CA, USA). The
used anti-CDS§

fluorescein isothiocyanate), anti-CD56
phycoerythrin), and CD3
chlorophyll-protein), anti-CD25 (conjugated with fluorescein
isothiocyanate), and  anti-CD4 with
(BioLegend, Inc.). fluorescein
phycoerythrin-IgG1

stimulated T-cells (conjugated with
(conjugated with

(conjugated with peridinin-

(conjugated
phycoerythrin) Mouse
isothiocyanate-IgG1, and peridinin-
chlorophyll-protein-IgG1 were used as isotype controls
respectively. The flow cytometric analysis was carried out
with a BD-FACSCalibur device (BD Biosciences, San Jose,
CA, USA). The data were analyzed with the Cell Quest
software (Becton Dickinson, Heidelberg, Germany). A
minimum of 100 000 viable cells were measured per sample.
Using forward and side scatter profile, debris and dead cells
were gated out.

Cell Proliferation Assay In the cytotoxic experiment of
killing UM cells, T cells were washed by used 1xPBS (pH=
7.4) because T cells were suspension growth, so we collected
these survival MUM-2B cells which were adherent growth.
For un-interfusing T cells, we sorted CD3+ T cells and
obtained single MUM cells by using MACS method ##). To
perform a cell proliferation assay, both the survival and
original MUM-2B cells were seeded in 96-well plates in a
concentration of 1000 cells/well. The cell medium also
included CTLs which were primed by DCs which were
loaded by MUM-2B. The cell counting kit-8 (CCKS) assay
(Biyuntian, Beijing, China) was used to determine the

relative cell growth every 6, 12, 24 or 48h. Ten microliter of
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CCKS solution was added to the media for incubation for 2h
at 37°C . The absorbance at 450 nm was measured by a
Microplate Reader (Bio-Rad, Hercules, CA, USA).
Preparation of RNA from Original Uveal Melanoma
Cell and Its Survival Cells Both the survival and original
MUM-2B cells were collected for extracting total RNA that
used for microarray analysis. Total RNA was extracted by
using the Trizol reagent (Invitrogen, Carlsbad, CA, USA) and
it was purified with an RNA Isolation Kit (Ambion, Austin,
TX, USA). The purity and concentration of RNA were
determined from OD 260/280 (optical density at 260 nm/optical
density at 280 nm) readings using a spectrophotometer
(NanoDrop ND-1000, Thermo Specific Co., Wilmington,
DE, USA). The RNA integrity was determined by a 1%
formaldehyde denaturing gel electrophoresis. Only RNA
extracts with RNA integrity number values >6 were included
in the in further analysis.

Gene Expression Profiling The gene expression profiling
was performed using the Affymetrix Human Transcriptome
Array 2.0 array (Affymetrix Co., Santa Clara, CA, USA).
The human transcriptome array was designed with 10 per
exon and 4 per junction, with approximately 4.8 million
probes selected from all 98 million possible 25 mers. The
array contained 7 million probes, so that the comprehensive
transcriptome detected more than 0.28 million transcripts
including more than 0.24 million coding transcripts and more
than 0.04 million non-coding transcripts.

Microarray Data Analysis The Affymetrix HTA 2.0 arrays
were hybridized according to Affymetrix recommendations
using the Ambion WT protocol (Life Technologies, Carlsbad,
CA, USA) and the Affymetrix labeling and hybridization
kits. One hundred ng of total RNA were processed in parallel
with an external microarray quality control (MAQC) A RNA
to control the robustness of data. The labeled DNA mean
yield was 7.19 g (minimum: 6.27 pg; maximum: 7.57 ug).
The Affymetrix GeneChip ® Human Transcriptome 2.0
microarrays (HTAZ2) were hybridized with 4.7 g of labeled
DNA. The raw data, transcript data and the exon data were
controlled with the Expression console (Affymetrix) at the
Institute Curie microarray core facility (Santa Clara, CA,
USA).

The Affymetrix HTA2 dataset was analyzed by the
(TAC) 2.0 (www.
Affymetrix.com)?**). We performed an unpaired Student's

Transcriptome Analysis Console
7 -test to compare gene intensities between the primary
MUM-2B cells and the survival variants of MUM-2B cells.
Genes were considered to be significantly differentially
expressed when the fold-change was =2 and whenthe A-value
was <0.05 (unadjusted Z-value). The results were considered
statistically significant for unadjusted A-values <0.05 and for
fold-changes of =2 for the expressing analysis. After
bioinformatic analysis of the microarray data, a manual

inspection using the Molecular Annotation System was
conducted to select differential genes, its gene ontology and
its pathways. The data was logarithmically (log2) transformed
and the median centered by genes using the adjust data
function of the CLUSTER 3.0 software was then further
analyzed with hierarchical clustering with average linkage.
For screening the candidate genes, these different expressed
genes were analyzed further with Venn Diagrams and
functions related to tumor metastatic and immune escaping™.
Target Genes Validation by Quantitative Real —time
Polymerase Chain Reaction We screened the candidate
genes which were statistically significant for unadjusted
£ -values <0.05 and for fold-changes of =2 for the
expressing analysis. 7Ze SLAMF7, CCL22, AQP9, KRTI0,
FXYD3 and ABCC2, and validated further by quantitative
real-time polymerase chain reaction (qRT-PCR). A cDNA
synthesis was carried out using a PrimeScript II 1st strand
cDNA Synthesis Kit (TaKaRa, Dalian, China). A qRT-PCR
was performed using the ABI 7300 sequence detection
system (Applied Biosystems, Foster City, CA, USA) in a
volume of 20 pL containing 10 wL GoTaq® gPCR Master
Mix (Promega, Madison, WI, USA) and 0.2 pm of each
primer of the tested target genes. SLAMF7 fw: 5'-ATGTCTA
CGAGCACCTGTCAAAGCC-3', rev: 5-GGGCCTTCCAG
GTATAAATCACATC-3'; CCL22 fw: 5'-TTCTGGGTCTTT
GCCTGGGATG-3!, rev: 5'-CCAAGAATCTGCGGAGACT
GTGA-3"; AQP9Y fw: 5~"AGAGCAGCTTAGCGAAAGAAA
CCC-3', rev: 5-GATAGTGATGACCCCTCCAAAACG-3';
KRTI0 fw: 5'-CTTGGCAGAAACAGAAGGTCGCT-3, rev:
5'-GCAGGCTGCGGTAGGTTTGAA-3"; FXYD3 fw: 5-AG
AGTTCCTGCCGCTAAGATTTCC-3', rev: 5-TTCCATTT
GGGGGGTTGTGC-3"; ABCC2 fw: 5-GCTGGAAAGTCA
TCCCTCACAAAC-3', rev: 5-GTGGAGCCCAATGGAAG
CAATA-3'; Actin fw: 5'-ACTTAGTTGCGTTACACCCTT-3,
rev: 5-GTCACCTTCACCGTTCCA-3'. The reaction profile
consisted of 40 cycles at 95°C for 2min, at 55°C for 30s, and
at 72°C for 30s. A dissociation stage was performed at the
end of the reaction consisting of 200 cycles of 7s with the
temperature increased at 0.2°C /cycle to demonstrate the
specificity of the amplification. The expression analysis was
performed in triplicate for each sample. The housekeeping
actin was used as the normalization control. The fold
difference for each sample was obtained using the equation
24 where Ct is the threshold cycle (the cycle number at
which the fluorescence generated within a reaction crosses
the threshold) and dCt equals the mean Ct of the sample gene
minus the mean Ct of actin.

Clinical Tumor Samples and Controls Fresh tumor
samples were obtained from 10 UM patients at the time of
eye removal or tumor resection. There were 3 patients
("relapsing UMs") who had undergone laser therapy and
radiotherapy of the UMs prior to enucleation of the eyes. In
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Figure 1 Flow cytometric results of DCs and their activated CTLs A: DCs were cultured by inducing peripheral mononuclear blood

cells which were derived from healthy donors. DCs were loaded with lysates of MUM-2B and matured. They then highly expressed
CD11c+/HLA-DR+, and the co-stimulatory molecules CD40+, CD80+, CD83+ and CD86+. B: Before DCs stimulated T-lymphocytes which
were derived from the same healthy donor. The phenotypes of T-lymphocytes had CD3+, CD8+, and CD3+/CD56+. C: DCs loaded with
lysates of MUM-2B cells, stimulated proliferation and activation of T-lymphocytes which were derived from the same healthy donor. The
resulting CTLs highly expressed CD3+, CD8+, and CD3+/CD56+, while in contrast CD4+ was expressed to a lower degree.

the remaining 7 patients, the tumor had not been treated prior
to the enucleation. The tissue samples were immediately
frozen in liquid nitrogen and stored at -80°C until processing.
The diagnosis of UM was confirmed by a surgical pathologist
for all patients. The UM samples were analyzed for target
genes and protein expression by performing qRT-PCR and
Western blotting.

Statistical Analysis The statistical analysis was performed
using a commercially available statistical analysis program
(SPSS 21.0, IBM-SPSS; Chicago, IL, USA). Data were
presented as mean +standard deviation from three separate
experiments. Statistical significances of difference of means
throughout this study were calculated by Student's 7-test in
comparing data between two groups and ANOVA one-way
test in comparing data from more than two groups.
Correlations between the expressions of five genes were
evaluated by bivariable analyses using log rank test of
Kaplan-Meier methodology. Differences between groups
were considered to be statistically significant with a 2 -value
of <0.05.

Ethics Statement All experiments and procedures were
performed in accordance with the appropriate guidelines. All
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procedures were approved by Capital Medical University.
Informed consent was obtained from all volunteers before
being enrolled in the study.

RESULTS
Production of Dendritic Cells Loaded with Uveal
Melanoma Cell Line (MUM -2B) Elicits Specific

Cytotoxic T -lymphocytes sz Vizro To determine the
effect of the vaccination of the DCs, DCs were isolated from
peripheral mononuclear blood cells of a healthy donor. They
were primed sz wio vsing autologous DCs pulsed with
MUM-2B lysates. The DCs then highly expressed the DC
markers of CDl1lc and HLA-DR and the co-stimulatory
molecules of CD80, CD86, CD83 and CD40 (Figure 1A).
The lymphocytes were re-stimulated with DCs every 5d. The
stimulated T cells were then tested for cells phenotypes by

[26]

flow cytometry Before DCs stimulated T-lymphocytes
which were derived from the same healthy donor. The
phenotypes of T-lymphocytes were low level correspondingly
(Figure 1B). But the stimulated T cells contained CD3+ in
94.9% of the cells, CD8+ in 79.6% of the cells, and
CD3+/CD56+ in 37.5% of the natural killer T (NKT) cells,

while only 28.6% of the cells expressed CD4+, and 9% of the
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Figure 2 The cytotoxic activities against MUM-2B by T -lymphocytes activated by DCs pulsed with MUM-2B lysates A: The
cytotoxic activities of DCs against MUM-2B by pulsing with MUM-2B lysates (UM-DC-CTL) and no antigens (NON-DC-CTL), and T-cells
respectively. The cytotoxicity of UM-DC-CTL was significantly higher than of NON-DC-CTL and T-cells against UM cells (* #< 0.05). B, C:
The proliferation of MUM-2B cells was inhibited under the condition of immune suppression by the cytotoxic lymphocytes (°2< 0.000).

cells were regulatory T-cells (CD4+/CD25+) (Figure 1C). It
showed that DCs loaded with MUM-2B lysates stimulated
the proliferation and activation of CD8+ T-lymphocytes.

The stimulated cells were then tested for their cytotoxic
ability against high metastatic potential UM cell (MUM-2B)
by a cytotoxicity assay of the CTLs. We included cytotoxic
T-lymphocytes which were stimulated by DCs pulsed with
MUM-2B lysates (UM-DC-CTLs), CTLs stimulated by DCs
without antigens (NON-DC-CTLs), and non-stimulated
T-lymphocytes. With the increase of Effector/Target (E/T)
ratio, the cytolysis against MUM-2B cells increased =21, It
showed that the cytotoxicity of UM-DC-CTLs was
significantly higher than the cytotoxicity of NON-DC-CTLs
and the cytotxicity of T-cells (Figure 2A). Moreover the
cytotoxicity of NON-DC- CTLs did not differ significantly
from the cytotoxicity of T-cells against the survival UM
cells.

Effect of Uveal Melanoma Cell Proliferation by Immune
Function of Dendritic Cells Activating Cytotoxic T -
lymphocytes To test the proliferation of the UM cells under
immune suppression by the DCs activated CTLs, we
examined the MUM-2B viability at different time points™2%,
We found that the growth of the MUM-2B cells decreased
gradually. Viability was lowest at two days after co-culture
with the CTLs, and then slightly increased for the next few days
(Figure 2B, 2C). The proliferation of the primary MUM-2B
cells differed significantly (2 <0.01) from the proliferation of
the MUM-2B cells under immune suppression (Figure 2B, 2C).
The MUM-2B cells still survived at two days at the greatest
E/T ratio, and their growth recovered by 67% at 8d later
(Figure 2C).

Gene Expression Signature Discriminates Between
Original Uveal Melanoma Cells and Its Survival Cells
In the gene expression analysis, samples were clustered into
two groups, Ze the group of survival variants of MUM-2B
cells and the group of the original MUM-2B cells as normal
controls. The survival variants of MUM-2B cells were
obtained from surviving UM cells at a E/T ratio of 5/1 (group

wNh—mo LNk

c2

C3

C1

L W i
Figure 3 Expression of mRNAs in MUM -2B cell line
suppressed by CTLs activated by DCs, and in primary MUM-2B
cell line Hierarchical clustering of 893 genes showed a
significantly different expression (/2 <0.01) in tumor cells. Row 5
represents individual genes; columns represent individual UM cells
samples. The scale represents the intensity of gene expression (log2
scale ranges between 3.0 and 3.0). Cl, C2 and C3 represented
surviving MUM-2B

lymphocytes which activated DCs at three ratios of effectors and

cells under suppression by cytotoxic

targets, Ze 5/1, 10/1 and 20/1 respectively.

Cl1), a E/T ratio of 10/1 (group C2), and a E/T ratio of 20/1
(group C3). The mean expression of each gene was
compared between the three survival variants of MUM-2B
cell groups and the control group. With a Z-value of <0.01
used as a cut-off, 824 genes were overexpressed and 69 genes
were underexpressed with a =2.0 fold-change in merge of the
CI1/N, C2/N and C3/N group (2~ <0.01) (Figure 3).

Gene Function Analysis and Differentially Expressed
Immune Response Genes in Survival Uveal Melanoma
Cells
expressed immune response genes in the survival variants of
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Table 1 The summary of significant overexpression and underexpression genes which were differently expressed in MUM-2B

suppressed by CTLs activated by DCs

Significant overexpressed genes

Significant underexpressed genes

S e e P mewsam  ne GRe T Re
Antigen processing and presentation
TC01001382.hg.1 2207 FCERIG 125.13 0
TC17001466.hg.1 1236 CCR7 7.15 0
TC19000174.hg.1 3383 ICAM1 10.7 0
TC03001629.hg.1 961 CD47 2.32 0
TC05001936.hg.1 972 CD74 30.85 0
Response to stress
TC01001372.hg.1 57823 SLAMF7 184.97 0.02 TC01002166.hg.1 54206 ERRFII -6.44 0
TC06000371.hg.1 7124 TNF 6.4 0 TC01006383.hg.1 4582 MUCI -6.59 0
TC09000035.hg.1 3717 JAK?2 6.86 0 TC05000701.hg.1 1958 EGRI -7.43 0
TC14000133.hg.1 4323 MMPI14 14.06 0 TC17001472.hg.1 3858 KRTI10 -36.96 0
TC08000305.hg.1 3620 IDOI1 5.23 0 TC10000715.hg.1 1244 ABCC2 -17.81 0
TC15000441.hg.1 366 AQP9 132.24 0
Inflammatory response
TC03001355.hg.1 1230 CCRI1 20.07 0 TC19000458.hg.1 5349 FXYD3 -22.76 0
TC16000487.hg.1 6367 CCL22 136.23 0
TC17000406.hg.1 6362 CCLI18 25.84 0
TC04000408.hg.1 3576 IL8 47.89 0
TC02000937.hg.1 7130 TNFAIP6 93.09 0
TC07000687.hg.1 5294 PIK3CG 32.25 0
TC10001559.hg.1 118788  PIK3API 20.88 0
TC12000611.hg.1 4069 LYZ 494.38 0
T cell mediated cytotoxicity and T cell activation
TC05002050.hg.1 3937 LCP2 14.72 0 TC05000372.hg.1 2150 F2RLI1 -6.55
TC13000642.hg.1 3936 LCPI 20.3 0 TC15001471.hg.1 4734 NEDD4 -6.6
TC01003006.hg.1 26191 PTPN22 26.56 0
TC12000955.hg.1 5027 P2RX7 27.82 0
TC01003407.hg.1 8832 CD84 30.89 0
TC01001640.hg.1 5788 PTPRC 65.05 0
TC16000349.hg.1 3683 ITGAL 18.59 0
TC19000174.hg.1 3383 ICAM1 10.7 0
Natural killer cell mediated cytotoxicity
TC01001372.hg.1 57823 SLAMF7 184.97 0.02 TC06002224.hg.1 79465 ULBP3 -8.53 0.02
TC12000101.hg.1 5777 PTPN6 9.51 0.02
TC01003996.hg.1 1130 LYST 5.46 0.02

UM cells versus the original UM cells revealed genes in the
field of antigen processing and antigen presentation (109 genes,
£=0.00), response to stress (226 genes, /2=0.00), regulation of a
defense response (70 genes, ~=0.00), chemotaxis (27 genes,
P =3.81 x10%), regulation of inflammatory response (40
genes, 2 =0.00), T-cell activation (29 genes, 2 =1.97x10"),
regulation of regulatory T cell differentiation (6 genes, 2=
1.33x10%), regulation of interleukin-6 production (22 genes,
=197 x10), regulation of interleukin-8 production (11
genes, Z=3.25x107), regulation of interleukin-10 production
(5 genes, /2=2.33x107), and positive regulation of transforming
growth factor beta production (2 genes, Z=0.04).
1706

Differential
presentation included 109 genes which were differentially
expressed (/2 <0.05) in merge of CI/N, C2/N and C3/N
group (Table 1). These genes were up-regulated in all

genes related to antigen processing and

survival variants of MUM-2B cells. There were three genes
involved in positive regulation (CZ2/# ) and negative
regulation (CCRZ P47) of DC antigen processing and
There 226 differentially
expressed genes which were associated with response to
stress ( Z <0.05) (Table 1). Most of these genes are involved
in the defense response, immune response and cell
communication. The genes AQP9and SZAMF7 were the

presentation pathways. were
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genes with the most marked increase. Down-regulation of
KR770 and APBRCCZ related to drug-resistance of cancer
medication.

Differential genes related to inflammation (cytokines and
chemokines) were genes encoding macrophage- and
T-lymphocyte-attractant chemokines and cytokine receptors
(CClL7 and CCL3L7, CCRI, CCR¥, CCLIS, CCL22,
/I8 er), molecules related to cytokine-signaling pathways
( 7ZNFRSFIB , TNFAPS , PIKICG , JAKZ , PIKFAPT),
proteins implicated in the extravasation of leucocytes from
blood to tissues (CSFZ [7GAL [CAMI PZRX7) and
molecules that contribute to inflammation (Z¥2, HACK,
CX(Z /70, and Down-regulation of ZX¥727) (Table 1).
Differential genes related to T-lymphocytes included those
encoding for molecules that participate in the signal
transduction through the T-cell receptor TCR (ZCP/, LCA2,
XCZ/,and P7PNZ2); proteins involved in T-cell activation
and proliferation (IL7R, CD84 and P2RX7), natural killer
cell mediated cytotoxicity markers (SLAMF7, PTPNG,
TGFBI and IDOI), and T-cell mediated cytotoxicity markers
(PTPRC, ITGAL, ICAMI, GNLY, CCL2) (Table 1). Genes
expressed in activated immune cells that were negatively
regulated by the TGF-3 pathway (XCZ/ and ATP6AP2), the
interleukin-10 pathway (XCZ/7, PLAZGT, [DO7, CD4S
and CPDAILG), the interleukin-8 pathway (B7N3A7 ,
CPDAOLG, TIRS, PPAPE, (DSO and DOCK// ), the
interleukin-6 pathway (ZZA2G7, 7AP7, BIN3AZ, TNFALP3,
HIA-B , and CD#ILG/) and regulatory T-cell pathway
(CTLA4, TGFBI, (D28, HIA-G, and FOXP?). These
negative regulatory pathways participated in mediating tumor
survival.

Validation of the Differentially Expressed Genes by
Quantitative Real —time Polymerase Chain Reaction
Based on the gene ontology and pathways analysis of
differential genes, we selected six candidate target genes by
screening further of Venn Diagrams and gene functions.
These candidate target genes were three up-regulated genes
(SZAMFZ 722 and AQP9) and three down-regulated
genes (AR770, +FX¥YD3 and ABCCZ ). Table 2 showed that
SLAMFE7, (722 and AQP9 were still highly expressed in
survival variants of MUM-2B at E/T ratios of 5/1 ((C715),
10/1 (C7Z270) and 20/1 (C77220). KR774 FXYD3 and
ABCCZ were expressed to a lower degree in the survival
variants of MUM-2B cells, but only the expression of KZX770
showed a significant difference to the expression in the
primary MUM-2B UM cells.

Differential

Melanoma

Clinical Uveal
Real

Polymerase Chain Reaction For the validation of the

Genes Validation in

Samples by Quantitative —time
differential genes we collected UM cells from 10 patients

with UMs samples (Table 3). We found that the expression

Table 2 The fold difference of target gene expression as detecting
gRT-PCR in MUM-2B suppressed by CTLs activated by DCs

MUM-2B  MUM-2B MUM-2B

Genes — MUM2B " oys) (crLio)  (cri20) P

SLAMF7 1.02 5464.92 623142  4956.53 0.00°
CCL22 1.00 3539.65 349507 352887  0.00°
AQP9 1.00 2375.65 354217  2427.00  0.00°
KRT10 1.00 0.50 0.65 0.50 0.00°
FXYD3 1.00 0.91 0.89 0.89 0.23
ABCC2 1.00 0.94 0.96 0.79 0.45

°P<00.01 survival variants of MUM-2B versus original MUM-2B.

Table 3 The clinical and pathological characteristics of the patients
with UM

Variables Values n (%)
Sex M 11 (55)
F 9 (45)

Age (a) <35 8 (40)
35<Y<60 12 (60)

>60 2(10)

Location Left choroid 9 (45)
Right choroid 11 (55)

Tumor cytology Spindle 6 (30)
Epithelial 4 (40)

Mixed 10 (60)
Scleral invasion Yes 12 (60)
No 8 (40)

Recurrence Yes 7(35)
No 13 (65)
Survival status Dead 11 (55)
Live 9 (45)

Survival time (mo) 0-12 2 (10)
12-24 4(20)

24-36 5(25)

=36 9 (45

of SZLAMF7 was significantly higher in the relapsing UM

cells than in the primary UM cells (Table 4; Figure 4A). The

expression of CCZ.22 was higher in the relapsing UM cells
than in the primary UM cells and in the UM tumor tissue

(Table 4; Figure 4B). The expression of 429 did not differ
significantly between the groups. The expression of AR770
was significantly (/~<0.01) lower in primary tumors than in
relapsing tumors. In addition, the expression of AR770
differed between the various subtypes of primary UMs (Table 4;

Figure 4C). The expression of ZX¥727 was significantly

(£~ <0.001) higher in the relapsing UM cells than in the
(Table 4; Figure 4E). ABCCZ was
expressed significantly higher in the relapsing UM cells than
in primary UMs (Table 4; Figure 4F).

Differential Genes Expression Correlated with Patients”

primary UM cells

Survival Twenty UM patients were collected and their
samples were detected expression of SLAMF7, CCL22,
KRTI0, FXYD3 and ABCC2 by qRT-PCR. The cut-off
value of these genes was 2%=0.23 of SLAMF?7, 2°°=0.69 of
CCL22, 299=0.45 of KRTI10, 2*=4.53 of FXYD3 and
1707
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Table 4 The fold difference of target gene expression between UM tumor tissue and normal choroidal tissues

Gones ' UM tumor cytology ' ' p.2p Tumor relapse ,
Spmdgfl—::)ll type Mlxegl iesl)l type Eplthelg;(zi :)ell type ’ Yes (n=7) No (n=13)

SLAMF?7 0.08+0.10 0.13+0.10 0.08+0.00 0.77; 0.50 0.61+0.30 0.10+0.08 0.00
CCL22 0.38+0.31 0.13+0.09 0.22+0.29 0.16; 0.38 2.02+0.1.19 0.22+0.22 0.00
AQP9 3.77£2.28 16.01+24.87 1.40+1.52 0.73;0.37 10.89+10.86 8.34+16.12 0.81
KRTI10 0.12+0.02 0.03+0.03 0.19+0.26 0.01;0.74 1.12+0.21 0.1£0.13 0.00
FXYD3 0.10+0.33 1.45+1.12 2224231 0.71; 0.57 10.42+5.30 1.57+1.24 0.00
ABCC2 0.02+0.02 0.02+0.02 0.03+0.04 0.99; 0.80 0.45+0.42 0.02+0.02 0.02

'P: Mixed cell type vs Spindle-cell type; >P: Epitheloid cell type vs Spindle-cell type.

Figure 4 The fold difference of target genes obtained in UM tissues A: SLAMF7 was up-expressed in relapsing tissues and significantly
higher than in primary UM tissues; B: CCL22 was expressed highly in relapsing tissues and significantly higher than in primary UM tissues;
C: The expression of AQP9 in mixed type UM tissues was highest in these tissues. However, the expression of AQP9 hadn't significantly
difference among all tissues; D: The expression of KRTI10 in relapsing tissues was highest among UM tissues. KRT10 also was expressed
highly in relapsing tissues and significantly higher than in primary UM tissues; E: The expression of FXYD3 was the highest in relapsing
tissues. The expression of FXYD3 in relapsing UM tissues had evidently difference with in primary UM tissues. Additionally, the expression
of FXYD3 in relapsing UM tissues has relevance with mixed type UM; F: ABCC2 also was up-expressed in relapsing tissues and significantly
higher than in primary UM tissues.
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24=0.07 of ABCC2, so distinguish overexpression from
underexpression. There were these genes overexpression of
7 UM patients and these genes underexpression of other
13 UM patients. The survival time showed significant
difference between both patients by Kaplan-Meier survival
curves (log-rank test, Z=0.000) (Figure 5). All patients of
these genes overexpression occurred UM relapse and liver
metastasis. The result elucidated that these genes could be
used as targets to locate diagnostic, prognostic and
therapeutic biomarkers for UM.

DISCUSSION

In our experimental study, we cultured mature DCs derived
from peripheral blood mononuclear cells of healthy donors.
DCs were pulsed with lysates of UM cells of high metastatic
(MUM-2B cell line) and were used to stimulate
CTLs. The mature DCs highly expressed co-stimulatory

potential

molecules, and the activated CTLs highly expressed more
than 90% CD3+, more than CD70% CD8+, and more than
30% CD3+/CD56+ NKT-cells (FigurelA, 1B). When mixed
with the primary UM cells, the CTLs killed the majority of
the MUM-2B cells within two days (Figure 2A, 2B), while
about 10% of the UM cells survived and slowly proliferated
under the CTLs associated immunization for 10d (Figure 2C).
One may assume that the surviving UM cells escaped the
immune response activated by the DCs. We then used
microarray samples of these survival variants of UM cells
and compared them with microarray samples of the original
MUM-2B cells and analyzed differences in expressed genes
and their molecular function and pathways which were
closely related to the survival (Figure 3).

The survival variants of UM cells differentially expressed
109 genes associated with the antigen processing and
presentation pathways which were involved in the positive
regulation and negative regulation of DCs (Table 1).
(D47 and CCR7 for the
negative regulation, and MHC class II molecules that
induced antigen-specific CD4+ T-cell tolerance). CD47 is
generally considered as signal
expressed by cancer cells to prevent macrophages and DCs

Important molecules were

an anti- phagocytotic
from attacking these tumor cells 1. We found 226 genes
which were differentially expressed and which were
associated with the response to stress involving defense
response, immune response, and cell communication (Table 1).
Interestingly, we detected that AQP9 and SZAMF7 were
up-regulated in the survival variants of UM cells as compared
with the corresponding primary UM cells. The unique
property of AQP9 is associated with an increased metabolic
demand, such as spontaneous labor and inflammation &7,
which plays a pivotal role in various arsenide-mediated
cytocidal effects on cancer cells®). SZAAZ77 inhibits natural
killer cell
antibody-dependent

activation and limiting

[3233]

cytotoxicity by

cell-mediated  cytotoxicity

— Patients of genes overexpression
1.0 — Patients of genes underexpression
0.81
g
s 0.6
>
»
£ 0.4
ol
0.2
0.0
0 10 20 30 40 50 60
Mo

Figure 5 Kaplan—Meier survival curves according to the level
of genes including SLAMF7, CCL22, KRT10, FXYD3 and
ABCC2 (Green: Patients of genes underexpression; Blue: Genes
overexpression, /2 =0.000) as the patients of genes overexpression
show a much more relapsing clinical course (Median survival time:

72.0 ws 39.1mo, respectively).

Additionally, the down-expression level of AR770 and
ABRCC? was the first and second gene that was involved in
LPTEN
cisplatin-resistance of human ovarian cancer cells through

drug-resistance ~ of (34361

cancer improves
up-regulating KRT10 expression . ABCCZ is associated
with lower differentiation of cancer cells and their resistance
to the cisplatin P, moreover its overexpression is responsible
for the drug-resistance of cancer stem cells®.

The gene expression profiles revealed that the survival
mechanism of UM cells was interrelated with signal
transduction, such as T-cell activation and proliferation, and
natural killer cell mediated cytotoxicity markers, and T-cell
(Table 2). Negatively
regulated pathways in activated T-cells involved in the
TGF-B pathway, tinterleukin-8
pathway, interleukin-6 pathway and regulatory T-cell

mediated cytotoxicity markers
interleukin-10 pathway,

pathway among others. In particular natural killer cells are
well-developed and can contribute to the immune
surveillance of tumors 7 thus SZAMF7 31 P7PNG ™,
J7GFE7 ¥ and /PO/ inhibit the natural killer cell
proliferation and the natural killer cell mediated cytolysis™..

There were 29 differential cytokines and chemokines which
were found to join the immune inflammation (Table 1). The
presence of CTLs in UMs may be a necessary but not
sufficient condition for tumor rejection. In fact, the dense
infiltration of lymphocytes in UMs
immunoedition, probably recruited or locally expanded by

persists  after
the elevated expression of these specific factors in the UM
microenvironment. High-expression of CCZZ22 and down-
expression of ZX¥Z27 in our study was of particular interest,
because (722 belongs to macrophage-derived chemokines
and regulatory T-cell cell attracting chemokines ¥, which
generate a microenvironment that may favor survival and
1709
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growth of malignant cells, and overexpression of /X¥7-7
may play an important role in the tumorgenesis and
development by transforming growth factor-B signaling
through ZEB1/8EF1 in human cancers*1,

Based on the gene ontology and pathways analysis of
differential genes as described above, we selected three
up-regulated differential genes (SLAMIS7, CCLZ2 and
AQP9) and three down-regulated differential genes (AR 774
FXYD3 and ABCCZ) which were validated in the survival
variants of MUM-2B cells and in the original MUM-2B cells
again (Table 3). Six differential genes were detected in the
UM tumor tissue samples of 10 patients (Table 4; Figure 4).
In addition, the expression of both SZAMF7 and ARCCZ
were significantly higher in the relapsing UM tissues than in
the primary UM cells. Similarly, the expression of both
CCl22and KR770 were higher in relapsing UM cells than
(Table 4; Figure 4B, 4D). The
expression of AZX¥727 also was higher in relapsing tissues
(Table 4; Figure 4E). In
contrast, the expression of A¢P”9 did not differ significantly
between the groups. We found that KR770 , /XY and
ARCCZ were down-regulated under immune suppression by

that in primary UM cells

than in the primary UM tissues

DC stimulated CTLs, but they were up-regulated in survival
variants of UM cells. Three genes are responsible for
drug-resistance of cancer cells BF**%471 5o that they can be
up-regulated in the relapsing UM tissues, although the
mechanisms have remained unclear yet. We collected
relapsing UM samples of these patients who had undergone
radiotherapy and laser therapy, so the expression of three
genes mediated radiotherapy-resistance of UMP+35447,

Five candidate differential genes, SZAMF7] CC1.22 KR774
FXYD3 and ABCCZ were possibly associated with the
survival UM cells. These results may suggest that SZAMF]
CCr22, KR770, FXYD7 and ABCCZ may participate in
the survival variants of mechanisms of UM. Future studies
may examine their molecular functions at the cell level and
2 vivg to uncover their molecular mechanism in immune
escaping. We found that these genes overexpression impacted
the survival time of UM patients severely, moreover these
patients produced UM relapse and liver metastasis.

Potential limitations of our study should be mentioned. First,
as for any cell culture study, the question arises how much
the results can be transferred into the clinical situation.
Second, the relapsing UMs were pre-treated by radiotherapy
or laser therapy, so that it was not possible to clearly
distinguish between direct effects of these treatments or
effects caused by the survival variants of tumor cells. Third, a
main point about UM is that CTLs are most likely not the
most important contributors to the killing of the tumor cells
in the eye, due to the intraocular immune privileged
conditions. They may, however, be relevant in the liver for
the metastases ™. Another factor of importance is the killing
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of the tumor cells by natural killer cells. Natural killer cells
especially focus on cells that have lost HLA Class I antigens,
and if cells become less lysable by CTLs, they may become
more lysable by natural killer cells™.

In conclusion, gene expression differed between primary UM
cells and survival variants of UM cells. Since the present
study did not provide data
differentially expressed genes in the MUM-2B cells that
survived the culture with CD8+ T cells conferred protection
from CD8+ T cells, future studies could include cytotoxicity
assays with MUM-2B cells that survived a culture with
CD8+ T cells, MUM-2B cells that were engineered to
overexpress the genes of interest, and surviving MUM-2B

indicating whether the

cells in which these genes of interest were silenced. Future
studies may also address whether the differences in the gene
expression found in our study may be helpful to early detect
survival variants of UM cells and may be helpful to develop
targeted treatment strategies which may be more specifically
focused on the survival variants of UM cells in contrast to the
primary UM cells. Addressing the survival pathways which
were associated with the survival of survival variants of UM
cells under immunization in our study could provide targets
to disrupt the survival cascade in UM.
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