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Abstract

Aim—To determine whether BAP1 gene and protein expression associates with different
prognostic parameters in uveal melanoma and whether BAP1 expression correctly identifies
patients as being at risk for metastases, following enucleation of the primary tumour.

Methods—Thirty cases of uveal melanoma obtained by enucleation between 1999 and 2004
were analysed for a variety of prognostic markers, including histological characteristics,
chromosome aberrations obtained by fluorescence in situ hybridisation (FISH) and single
nucleotide polymorphism (SNP) analysis and gene expression profiling. These parameters were
compared with BAPI gene expression and BAP1 immunostaining.
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Results—The presence of monosomy of chromosome 3 as identified by the different
chromosome 3 tests showed significantly increased HRs (FISH on isolated nuclei cut-off 30%: HR
11.6, p=0.002; SNP analysis: HR 20.3, p=0.004) for death due to metastasis. The gene expression
profile class 2, based on the 15-gene expression profile, similarly provided a significantly
increased HR for a poor outcome (HR 8.5, p=0.005). Lower BAPI gene expression and negative
BAP1 immunostaining (50% of 28 tumours were immunonegative) were both associated with
these markers for prognostication: FISH cut-off 30% monosomy 3 (BAPI gene expression:
p=0.037; BAP1 immunostaining: p=0.001), SNP-monosomy 3 (BAPI gene expression: p=0.008;
BAP1 immunostaining: p=0.002) and class 2 profile (BAPI gene expression: p<0.001; BAP1
immunostaining: p=0.001) and were themselves associated with an increased risk of death due to
metastasis (BAPI gene expression dichotomised: HR 8.7, p=0.006; BAP1 immunostaining: HR
4.0, p=0.010).

Conclusions—Loss of BAP1 expression associated well with all of the methods currently used
for prognostication and was itself predictive of death due to metastasis in uveal melanoma after
enucleation, thereby emphasising the importance of further research on the role of BAP1 in uveal
melanoma.

INTRODUCTION

Uveal melanoma is a rare primary malignancy of the eye. Up to 50% of the patients may
develop metastases, which are fatal in almost all cases.! A correct risk assessment is
necessary in order to effectively select patients for inclusion in clinical trials, now that more
effective drugs are being developed. An analysis of 8033 uveal melanomas showed a 10-year
metastasis rate of 12% for small tumours (up to 3 mm thick) and 49% for large tumours (>8
mm thick).2 It is therefore especially important to properly assess this risk in individuals
with large tumours, such as those that need enucleation. Prognostic factors include
histological factors such as cell type, involvement of the ciliary body, extrascleral extension
and several chromosomal aberrations.! The parameter size, ciliary body involvement and
extrascleral extension are often combined into one parameter used in the TNM classification,
which provides a better prognostic value than any of these parameters individually.3
Different techniques such as fluorescence in situ hybridisation (FISH) on tumour sections or
isolated nuclei, or chromosome analysis techniques can be used to assess the tumour’s
chromosome status.*= originally, loss of one chromosome 3 was identified as an important
marker of poor prognosis, and this has been substantiated in many studies. However, later
studies have also identified the importance of other chromosomes: gain of chromosome 8q is
also correlated with death due to metastases,>14 while an extra chromosome 6p is
associated with a better survival .81015-18 |n separate studies, gene expression profiling has
also been identified as a reliable method for prognostication.1920

The pathophysiology of the importance of chromosome 3 loss was demonstrated by Harbour
et al, who observed that loss of one copy of chromosome 3 together with inactivating
mutations in the metastasis-suppressor gene encoding for BRCALl-asssociated protein 1
(BAP1) on the remaining copy of chromosome 3 was associated with the development of
metastases. BAP1 is a deubiquitinating enzyme that is a member of the polycomb group
proteins of transcriptional repressors and exhibits tumour suppressive activity.21-23
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Inactivation of BAPI at the chromosome level may be the driving force for the development
of metastases, and BAP1 levels may therefore influence survival.”24-26

For early detection of metastases and for studies on adjuvant treatment, it is important to
know which techniques accurately predict the patient’s prognosis. As loss of chromosome 3
is an essential step in the inactivation of BAP1,27 we decided to compare BAP1 gene and
protein expression in 30 cases of enucleated uveal melanoma of at least 8-year follow-up,
with the results of a variety of techniques assessing chromosome aberrations, and with gene

expression profiling based on the 15-gene classification assay described by Onken et
/202428

MATERIALS AND METHODS

Study population

Fresh-frozen material and formalin-fixed, paraffin-embedded specimens were obtained from
the 30 uveal melanoma of which enough frozen material was left and good quality DNA was
available. All 30 uveal melanomas had been enucleated at the Leiden University Medical
Center (LUMC), Leiden, The Netherlands, between 1999 and 2004. Following enucleation,
fresh tumour material was obtained immediately after the bulbus had been opened. Survival
data and information on cause of death were obtained from the patient’s charts and from the
Dutch National Registry, and updated in November 2013. Each tumour sample was
processed for conventional histopathological evaluation, including cell-type assessment
according to the modified Callender classification at that time.2% The collection of material
for research had been agreed upon by the Medical Ethics Committee of the LUMC and the
research protocol adhered to Dutch law and the current version of the tenets of the
Declaration of Helsinki (World Medical Association of Declaration 1964; ethical principles
for medical research involving human subjects).

Chromosome aberrations and gene expression

Three different techniques were applied to determine the presence of aberrations of
chromosomes 3 and 8: FISH on isolated nuclei (for chromosome 3) and single nucleotide
polymorphism (SNP) analysis. FISH analysis on isolated nuclei was performed as described
before.3031

DNA and RNA were isolated from fresh-frozen tissue. DNA for SNP analysis was extracted
with the QIAmp DNA Mini kit and RNA for gene expression profiling with the RNeasy
mini Kit (both from Qiagen, Venlo, the Netherlands). SNP analysis was performed with the
Affymetrix 250K_NSP microarray chip (Affymetrix, Santa Clara, California, USA) on all
30 uveal melanomas. Gene expression analysis on BAPI was carried out on RNA of 28
tumours using the Illumina HT-12v4 chip (Illumina, San Diego, California, USA). RNA
obtained from frozen material from all 30 uveal melanomas was tested in the 15-gene
classification assay as described by Onken et a8 and results sent to the Department of
Ophthalmology and Visual Sciences of Washington University School of Medicine (St.
Louis, Missouri, USA) for class assignment.
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BAP1 immunohistochemistry

Immunohistochemical staining was performed for 28 patients from whom enough tumour
material was available using the Ventana Benchmark ULTRA fully automated staining
system (Ventana Medical Systems Inc, Tucson, Arizona, USA) with an alkaline phosphatase
red detection kit.32 In short, sections were deparaffinised and then heated using Heat-
induced Epitope Retrieval for 64 min at 97C°. The sections were then incubated for 32 min
at 37C° with the primary BAP1 antibody (sc-28383, concentration 1:50, Santa Cruz
Biotechnology, Dallas, Texas, USA). Target amplification was performed and then followed
by incubation with haematoxylin Il counterstain for 8 min. An additional counterstain was
performed with blueing reagent (Ventana Medical Systems Inc.).

Liver, tonsil, breast and surrounding non-malignant tissue, as well as intratumoral vessels
and inflammatory cells, were used as positive controls. As negative control sections without
antibody were used.32 Tumours were scored either negative or positive for the BAP1 nuclear
staining.

Statistical analysis

For data analysis, we used the statistical programming language R V.3.0.1 (R: A Language
and Environment for Statistical Computing, R Core Team, R foundation for Statistical
Computing, Vienna, Austria, 2014, http://www.R-project.org) supplemented with specialised
packages for SNP and RNA analysis. The main package used for SNP analysis was
aroma.affymetrix,33-3% supported by ‘DNAcopy’ (Venkatraman E. Seshan and Adam
Olshen, DNAcopy: DNA copy number data analysis. R package V.1.34.0), ‘sfit’ (Henrik
Bengtsson and Pratyaksha Wirapati (2013), sfit: Multidimensional simplex fitting. R
package V.0.3.0/r185, http://R-Forge.R-project.org/projects/matrixstats/) and ‘R.utils’
(Henrik Bengtsson (2014), R.utils: Various programming utilities, R package V.1.29.8,
http://CRAN.R-project.org/package=R.utils). As reference set, we used the data of 84
healthy controls obtained with the same Affymetrix 250K Nsp chip (Affymetrix, Santa
Clara, California, USA) by the Department of Human Genetics at our centre. The
‘Aroma.Affymetrix’ package made it possible to use these SNP microarrays to determine
copy number values.33-35 The packages used for RNA microarray analysis were ‘limma’ V.
3.16.836 and the specific packages for Illumina microarrays: ‘lumi’ V.2.12.0,37-40 ‘annotate’
(R. Gentleman, annotate: Annotation for microarrays, R package V.1.38.0), and the database
package ‘illuminaHumanv4.db’ (Mark Dunning, Andy Lynch and Matthew Eldridge,
illuminaHumanv4.db: lllumina HumanHT12v4 annotation data (chip illuminaHumanv4), R
package V.1.18.0).

Mann-Whitney U test for non-parametric analysis was used to assess differences in the
amount of BAPI gene expression, and 2 tests for comparing the prognostic parameters with
the BAP1 staining on immunohistochemistry (IHC). Univariate Cox regression was applied
with events determined as ‘death due to UM’ and right censoring. Cases of which the cause
of death was unknown were censored as well. To calculate the respective HRs of the
different parameters, the BAP1 gene expression was dichotomised at the median to create
two equal groups. All analyses were performed with SPSS V.20.0.1 (IBM SPSS Statistics,
IBM Corporation, Armonk, New York, USA).
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We studied a group of 30 uveal melanoma patients, consisting of 13 men and 17 women
with an average age at the time of enucleation of 61.7 years (range 28-84 years; median 66.5
years) and a mean follow-up of 77.5 months (range 14-155 months). Of these patients, 14
had died of uveal melanoma metastases (mean survival 36.7 months; range 14— 96 months)
and 3 of unknown causes (mean survival 85.0 months; range 63—-126 months), while no
patient has been lost to follow-up. The mean largest basal tumour diameter was 13.7 mm
(range 8-18 mm; median 13.5 mm), with an average prominence of 7.3 mm (range 2-12
mm; median 7.0 mm). The pathological TNM stages showed stage | in 4, stage IIA in 5,
stage 11B in 10, stage I11A in 9 and stage 111B in 2 cases.*! The ciliary body was involved in
13 cases. The histological cell type was spindle in 11, mixed in 14 and epithelioid in 5 cases.
Immunohistochemical staining for BAP1 (figure 1) was positive in 14 of the 28 patients who
could be tested. BAP1 staining was either present on more than 95% of the tumour cells or
almost completely absent. An overview of all variables per patient is available (see online
supplementary table S1).

Chromosome aberrations

FISH analysis of chromosome 3 on isolated nuclei with a cut-off value of 5% indicated 19
cases of monosomy of chromosome 3, while a cut-off value of 30% identified 15 cases.

SNP analysis revealed 16 cases with monosomy of chromosome 3, and one case with a
partial deletion from 3¢28 till the end of the chromosome. With this technique, 15 out of the
16 monosomy 3 tumours had a gain of the long arm of chromosome 8 (8q) compared with
four of the disomy 3 tumours.

Gene expression profiling

The 15-gene expression assay of Onken et a/, performed on all 30 tumours, classified 14 of
the tumours as class 1 (good prognosis) and 16 as class 2 (poor prognosis) uveal melanoma.

Associations

A univariate Cox regression analysis was performed to compare the impact of all clinical,
histological, chromosomal and gene expression data on death due to metastases. All
categorical variables fulfilled the proportional hazards assumption. All parameters, except
gender and age at enucleation, were associated with increased risk of death due to
metastasis, with the chromosomal aberrations analysed with SNP, and the stage groups
having relatively wide Cls (table 1). When the cases for which the cause of death was
unknown were attributed to death due to metastasis, the results were similar (see online
supplementary table S2). Multivariate analysis of all parameters led to results containing one
in the 95% CI, or having infinite as upper limit, or both (data not shown).

Loss of chromosome 3 was associated with death due to metastasis (figure 2A). Dividing the
tumors in two groups based on chromsome 3 and 8q (either both disomic or both altered:
loss of chromosome 3 together 8q gain), as determined by SNP analysis, associated with the
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15-gene expression classes of Harbour (32 test p<0.001; one cell, had an expected count less
than 5).

The Kaplan—Meier survival graphs showed a discriminative function for BAPI gene
expression and the BAP1 immunostainings with regards to death due to metastasis (figure
2B, C).

Low BAPI gene expression (RNA) was associated with lack of immunohistochemical
staining of BAP1 on uveal melanoma cells (p<0.001 for dichotomised data, ¥ test; p<0.001
for continuous data, independent t test). When the RNA expression values of BAPI were
compared with the 15-gene expression assay classes, and the different methods assessing
chromosome 3 aberrations, significant associations were seen for all comparisons, with
lower RNA values for the gene expression class and the aberrations that were associated
with poor prognosis (figure 3A, B). Especially the strong association between the RNA
values of BAPI and the 15 gene expression profile is striking.

The BAP1 immunostaining corresponded to the expected Harbour gene expression class in
23 of the 28 cases. Similar to the findings at the RNA level, loss of chromosome 3 as seen
by the two different methods was associated with a negative BAP1 immunostaining (figure
3C).

DISCUSSION

The different methods that identify monosomy of chromosome 3 as well as the gene
expression-based classifications had increased HRs for death due to metastasis. These
parameters were all associated with lower RNA levels of BAPI and negative
immunohistochemical staining for BAP1, and moreover, these BAPI expression levels
themselves were predictive for death due to metastasis of uveal melanoma (p=0.01).

Harbour et aP” identified an important role in the development of metastases in uveal
melanomas for a specific gene on chromosome 3, that is, BAPI, and suggested that loss of
one copy of chromosome 3 may unmask inactivating mutations in the metastasis-suppressor
gene BAPI on the remaining copy of chromosome 3. We were able to classify uveal
melanoma easily into two groups using gene expression profiling (15-gene expression
profile classification), as has already previously been shown by Tschentscher, Onken and
van Gils.192042 |n our study, the loss of one copy of chromosome 3 together with gain of
chromosome 8q was highly correlated to the 15 gene expression profile class 2, while we
had only enough tumour material to perform a gene expression analysis in 28 of the 30
tumours and our number of samples was relatively small.

Interestingly, one case was staged as stage 11A and still alive after 9 years’ follow-up, despite
having a monosomy of chromosome 3 together with gain of chromosome 8q and being a
class 2 tumour (15-gene expression assay). In this case, the BAP1 immunostaining scored
negative as well.

In large tumours, strong positive associations have been described between the
prognostically poor 15-gene expression profile known as class 2 and the presence of
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epithelioid cells, the extracellular matrix pattern known as networks and largest basal tumour
diameter, all of which associations have also been described to be related to monosomy of
chromosome 3.19204344 A5 \we observed an almost perfect association between the presence
of monosomy of chromosome 3 plus 8q gain and the 15 gene expression profile class 2, we
hypothesised that both should associate with loss of BAP1. We indeed noted a significant
association for lower BAPI gene expression (dichotomised and continuous data) and
negative BAP1 immunostaining, with the combined presence of monosomy of chromosome
3 and chromosome 8q gain, as well as with the 15 gene expression prolife class 2. This is
identical to the results published by Harbour et a/2”

Our data show that BAPI gene expression correlated with the findings of the BAP1
immunohistochemistry. Previously Harbour ef a#” showed this for six tumour samples. The
association between RNA and immunohistochemistry suggests that a cut-off value of the
BAP1 gene expression, for example, measured with a quantitative PCR, could be made to
predict loss of BAP1 immunoreaction. Shah et a/*> and members of our group32 have shown
that immunohistochemistry for BAP1 protein expression might be an easy way to
discriminate between long and short survival, and may even replace mutation analysis of
BAP1 in uveal melanoma patients. In large uveal melanoma, loss of one copy of
chromosome 3, together with gain of chromosome 8q, clearly leads to this specific gene
expression profile known as class 2, which is associated with loss of BAPI gene expression,
and with metastases formation.2927 This loss of BAPI plays an important role in developing
malignant tumour behaviour,2” and it may also be involved in the development of an
inflammatory phenotype, as this was previously found to be associated with monosomy of
chromosome 3.46 Although Harbour’s group originally reported a strong association
between the presence of the 15-gene expression profile class 2 and monosomy of
chromosome 3, they stated in their most recent papers that monosomy 3 is not a good
prognostic marker.4” This was based on the use of different tests on material obtained from
enucleated uveal melanoma as well as on biopsies.#” However, the small amount of material
obtained from biopsies may not have been sufficient for the specific SNP assay that they
used, or small tumours may not represent the same profile in all parts of the tumours.

Now that several prognostication techniques have been developed that work accurately in the
highest risk patients, that is, those that undergo enucleation, the next challenge is to
determine the exact way how these inactivation mutations in BAPI lead to metastasis
formation.

In summary, our results show that monosomy 3/8q gain and the class 2 gene expression
profile are both highly associated with lower BAPI gene expression and negative BAP1
immunostaining, and that both methods for assessing BAP1 levels are predictive for death
due to metastasis in uveal melanoma after enucleation. This emphasises the importance of
further research on the role of BAP1 in the development of the inflammatory phenotype and
the pathophysiology of the role of BAP1 in metastasis formation in uveal melanoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Examples of a BAP1-immunopositive (A) and a BAP1-immunonegative (B) tumour.
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Figure 2.

Kaplan—Meier (log-rank test) survival graphs for single nucleotide polymorphism data on
chromosome 3 status (A), BAPI gene expression dichotomised at the median (B), and for
BAP1 negative and positive staining as seen on immunohistochemistry (C).
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C BAP1 immunopositive tumours

. |
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p=0.002

Median BAPI gene expression compared with the immunohistochemistry of BAP1 and
different parameters used for prognostication (A, B), and a bar graph showing the
distribution of BAP1 immunopositive tumours with regards to disomy and monosomy of

chromosome 3 (C). p Values were calculated with Mann-Whitney U test and corrected for
multiple comparisons (Benjamini-Hochberg; n=7) for A and B, and with the 2 test for C.
GEP, gene expression profiling; D3, disomy of chromosome 3; M3, monosomy of

chromosome 3; D8q, disomy of chromosome 8q.

Br J Ophthalmol. Author manuscript; available in PMC 2016 July 29.




Page 14

van Essen et al.

- - - - 1T bg swosowo.iyd Awosiq

¥00°0 19GT 97 €02 9T € 3WO0SOWO04Yd AWOSOUON

- - - - s € awosowoJyd Awosig
VNQ Jnowny uo dNSs

2000 57 5z 9TII ST € 3WO0SOWO04Yd AWOSOUON

- - - - ST € awosowoJyd Awosig

940€ 18 JJ0-1Nd ‘19]oNU Pajejosi uo HSI4
LT0°0 €6 9T T<¢T 6T € 8LOSOWOIYD AWOSOUON
- - - - 11 € awosowoJyd Awosig

%G 18 440-1Nd ‘13]9NU paje|os] uo HS|4

suoljeLIagR [BLIOSOWOIYD

8000 LT TT ¥T 0¢  (snonunuod {ybiy 01 Moj ‘wiw) Jarawelp feseq isabie
92'0 TT 0T 0T 0g (snonunuoa ‘ybiy 01 moj ‘sieak) uoneajonua e aby
[44] 9'¢6 0 89 4 dail

6000 8'8ET T¢ 691 6 Vil
10 [0R¢17 90 09 0T all

_ _ - - 6 Vil pue |
dnoub abels

2000 0'1¢ 6T €9 €T S8A

- - - - JA ON

JUBWAA[0AUI Apog AJ

€90 L'E S0 €71 €T dlews
- - - - L1 S
JETIIED)

sia1owesed [20160]01SIU/[R1UID pIEpURIS

anfen d Jaddn 1Mo HH u slalaWeled

[eA181UI B0UBPIIUOD 0456

sasned
13410 01 8NP Y1esp 01 PaINGLIII. S8SBD UMOUMUN—SISA[euR slelieAlun

Siualed BWOURIBW [BAAN OE Ul [BAIAINS YIIM sidlawered ansouboud juaiayip Jo uosuredwo)

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Br J Ophthalmol. Author manuscript; available in PMC 2016 July 29.



Page 15

van Essen et al.

‘wisiydiowAjod apnosjonu a1buls ‘dNS ‘uoeziplgAy nus ul 8duadsalon|y ‘HSI4

‘pawiiogiad sem sisAjeue uoIssaiBal X0 ayeLeAIUN Uy

0700 102 ST GG vT Burureisounwiwi Tdvg annehaN
- - - - 2 Bulurelsounwiwl Tdw'g aARISOd
Ansiwaydolsiyounww|
9000 90T ST 0% 8z (snonunuod :moj 01 ybiy) uoissaidxa susb Tdvd
9000 L'6E 6T /L8 T Mo
- - - - 1 ybiH
(ue1paw 1e pasiwoloydip) uolssaidxe suab Tdvg
5000 €8¢ 6T 68 T ¢ SSe|D
- - - - 14 T SSe|D
sse[o Aesse uoissaldxa aush-GT
uolssaldxa aus9
7000 v'ov 0z 68 6T bg wo.ys ureb+g woiyd Awosouopy
- - - - 0T bg woiyd Awosip+¢ woiyd Awosiq
8100 L'68 ST LT 6T bg swosowoiyo ures
anjea d Jaddn 189m0 HH u sJalaweded

[eA481UI 8DUBPIIUOD 9456

sosned

1310 03 8NP Yy1esp 01 PaINgLINIe S3SBD UMOUMUN—SISA[eur alelieAlun

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Br J Ophthalmol. Author manuscript; available in PMC 2016 July 29.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Chromosome aberrations and gene expression
	BAP1 immunohistochemistry
	Statistical analysis

	RESULTS
	Patients
	Chromosome aberrations
	Gene expression profiling
	Associations

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

