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Introduction 

Uveal melanoma 

Uveal melanoma (UM) is the most common intraocular malignancy in adults. This disease mainly 

occurs in Caucasians with a light skin, blond hair and blue eyes and has an incidence rate of 7 per 

million per year (ranges from 4 to 11) in northern Europe and America (Metzelaar-Blok 2001, 

Virgili 2007, Singh 2003, Singh 2011, Houtzagers 2020). The mean age at diagnosis is 60 years 

(Weis 2006, Singh 2011). Symptoms include blurred, distorted vision and/or pain in the eye, 

although approximately one third of patients have been reported as asymptomatic (Damato 2012). 

The delayed detection causes the patient to carry a more advanced tumour which unfortunately 

increases the chance of losing the eye (Dogrusoz 2017). 

Treatment options for the primary tumour which aim to preserve the eye include plaque 

brachytherapy, proton beam therapy and stereotactic radiation (Jager 2020), but if the treatment 

does not show any benefit mostly due to large tumour size, then removal of the globe is advised.  

�����������������������������������������������������������������������;���������������������������

survival is approximately 4-12 months (Augsburger 2008). As there are no curative treatment 

options available for the metastases in UM, no improvement in survival has been observed during 

the last fifty years (Roelofsen 2021). The tumour arises from the uveal tract and involves the 

pigmented tissues, including the iris, ciliary body and the choroid (Figure 1). 86 percent of the 

cases arise from the choroid (Mclaughlin 2005). For prognosis, the best location is the iris, mainly 

because of early detection and small tumour size (Shields 2009) while the worst is known to be 

the ciliary body, which has the highest chance of metastasis because of a larger tumour size (Jager 

2020).   

Figure 1: An eye involved with choroidal melanoma
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UM are mostly composed of two types of cells, epithelioid and spindle cells. Epithelioid cells are 

large with large nuclei and round nucleoli located inside a high amount of cytoplasm while spindle 

cells are small with a tight extracellular space, small nuclei and nucleoli and less cytoplasm 

(Myamoto 2012). Tumours with an epithelioid cell type are often associated with metastasis 

(Callender 1931). Tumour basal diameter and thickness are other characteristics known to be 

associated with a higher melanoma-related mortality (Kujala 2003) and increased risk for 

metastasis (Shields 2009).  

Another way of classification is the Tumour Node Metastasis (TNM) staging, which is based on 

tumour size, involvement of the ciliary body and extrascleral extension (Edge 2010). This is now 

known as the American Joint Committee on Cancer (AJCC) classification (Kivela 2013).  

Studies have reported that older age at diagnosis is associated with worse prognosis in UM, 

exerting the highest metastatic risk for ages above 60 years old (Shields 2012). Gender is not highly 

associated although a study reported that the tendency toward development of melanoma-related 

metastasis is higher in males compared to females (Zloto 2013).  

Uveal melanoma chromosome aberrations  

Different genetic abnormalities are involved in the creation of this rare and invasive ocular 

malignancy. The different chromosomal aberrations which are mostly observed include loss of 

chromosome 1p, 3, 6q and gain in 6p or 8q (Prescher 1992, White 1998, Kilic 2005, Damato 2009, 

Dogrosuz 2018, Shields 2017). Loss of one copy of chromosome 3 (M3) is the most reliable 

biomarker for patient survival.  M3 is considered as an early copy number change in UM and has 

been associated with different histopathological characteristics such as largest basal tumor 

diameter (Kiliç 2006) and epithelioid cell type (Scholes 2003).  

Other chromosome abnormalities enhancing the disease include extra copies of chromosome 8q. 

Chromosome 8q has been known as an important location responsible for the attraction of 

macrophages to the eye which could contribute to the development of metastasis in UM (De Lange 

2015, Versluis 2015) and often coincides with M3 (Sisley 1997). The combination of loss of 

chromosome 3 and gain in 8q strengthens the progression of this disease and increases the risk of 

developing metastasis (Cassoux 2014, Versluis 2015, Gezgin 2017). 
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Uveal melanoma somatic mutations 

Somatic genetic mutations play a major role in the development of uveal melanoma. Two very 

early somatic mutations give the melanocyte the ability to transform into a uveal nevus: these are 

GNAQ or GNA11 gene mutations (Vader 2017). These mutations are very common in UM (Van 

���������� ������ �������������� ����;� ��� ������ ����;� �������� �������GNAQ and GNA11 

switch on G protein signaling by activating inositol-3-������������������������������������������

and then activate a set of signaling pathways important for cell growth and proliferation (O'Hayre 

2014). 

�����������������������������������������������������������������������������������������

����� ��� �������� ��� ����������� ������� ���� ������ ���� �� ���������� ����������������� ����������

�������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������

(Harbour 2010, van Essen 2014, Koopmans 2014). 

�������������������������������������������������������������������������������������������

�������� ��������� ���������������� ������� ����� �������� ����������� ������ ��� ���� ����������� ���

lymphocytes inside the eye, which increases the local inflammation (Gezgin 2017). 

Uveal melanoma Immunology 

The Immune­privileged eye 

Immune-privilege is an adaptive mechanism that occurs in certain organs in order to avoid 

damages by the immune system. One such organ is the eye, where many cells lack regenerative 

activity. Suppressing inflammation is important to maintain visual clarity and retinal function. To 

be able to reach these goals the eye uses a set of different mechanisms: the internal part of the 

�����������������������������������������������������������������������������������������������

suppressive factors such as neuropeptides, αMSH (melanocyte stimulating hormone) (Stein 2007), 

cytokines such as TGFβ-2, complement inhibitors and macrophage inhibitory factor (MIF) (Apte 

��������
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Another mechanism for immunosuppression in the eye is the ability of some local cells such as 

corneal endothelial cells to transform active T cells into regulatory T cells (Treg cells), thus 

lowering their cytotoxic activity (Yamada 2010). In the back of the eye, retinal pigment epithelial 

(RPE) cells form tight junctions and limit the local entrance of leukocytes into the eye  

(Sugita 2009). Pigmented epithelial (PE) cells of the iris also inhibit T cell activity through CTLA-

4 binding (Sugita 2003) while retinal and ciliary body PE cells suppress T cell activity by 

producing TGF-β1/2 (Sugita 2006). 

Antigens present in the anterior chamber of murine eyes showed ability to escape from the orbit 

������������� ��������� ������� ������;���������� ���� ��������� �����er route led to an inhibited 

������� ��������� ��� ���� ������������ ���������� ���� ������� ��� ��������� �������� ��������;� �����

phenomenon is known as the anterior chamber associated immune deviation (ACAID) (Streilein 

1996).  

The inflammatory phenotype in UM 

Inflammation is known as the seventh hallmark of cancer (Collota 2009). Based on the type of 

involved immune cells, inflammation can either act as a growth initiator or inhibitor in a 

malignancy. In cancers such as cutaneous melanoma, breast carcinoma or non-Hodgkin 

lymphoma, it has been fully accepted that the recruitment of immune cells into the tumour loci is 

beneficiary for the patient’s overall survival (Mlecnik 2011) while this is not the case for UM.  

In UM, immune cells are often recruited to the tumour site. This was already found in early studies: 

infiltrating lymphocytes (CD3, CD4, and CD8) and macrophages (CD11, CD68, and CD163) were 

described (De la Cruz 1990, Makitie 2001, Meecham 1992, Tobal 1993, De Waard-Siebinga 

1996).  

Extensive infiltration of lymphocytes and macrophages is associated with poor prognosis in UM 

(De Lange 2015, Robertson 2017).  The accumulation of these cells is positively associated with 

loss of one copy of chromosome 3 and high levels of expression of HLA Class I and Class II (Maat 

����;���������-Siebinga 1996, Jager 2002).  
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The high number of infiltrating leukocytes and high expression of HLA forms the inflammatory 

phenotype which is a strong marker for the development of metastasis and negatively impacts 

survival (Maat 2008, Bronkhorst 2011, and Gezgin 2017).  

NK cells in UM 

NK cells belong to the innate immune system and are present in UM in a low percentage (Ksander 

1991). These cells are recognized by the presence of CD56 marker and absence of CD3. Because 

of the presence of two strong inhibitors TGF-β and MIF, inside the aqueous humor, NK cells are 

not able to take any action and are kept inactive in the eye (Apte 1996). 

NK-cell mediated lysis is inversely correlated with the level of HLA Class I expression on tumour 

cells (Ma 1995). Normal eye tissues express low levels of HLA (Niederkorn 2012), making them 

a target for NK cells. The high level of expression of HLA Class I in most high risk UM provides 

these tumour cells with an escape mechanism that allows spread through the bloodstream to distant 

organs such as the liver. 

Macrophages in UM 

Macrophages are components of the innate immune system involved in host defense mechanisms 

and are derived from differentiated circulating monocytes. These cells can become activated by 

�����������������;�����������������������������������������������������������������������������

different subsets of cells, namely M1 and M2 with different programs (Mills 2000). These two 

types of macrophages act in opposite ways. 

The M1 macrophages are also known as classical macrophages and are initiators of anti-tumour 

���������;� ������������������ �������������������� ������������������������������ ��������� ���

antibacterial and anti-angiogenic functions and are able to produce nitric oxide (NO), IL-12 and 

TNF.  

The M2 subtype has a low anti-tumour activity and has a low HLA Class II expression. M2 

macrophages are involved in anti-inflammatory and proangiogenic activity and mainly produce 

IL-10, L-1ra, and type II IL-1 decoy receptor (Mills 2000, Mantovani 2002).  
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One important underlying mechanism for the recruitment of macrophages towards the tumour site 

������������������������������������������������;������ ������������������������������

����� �������� ������ ����������� ������ �������� ������������ ���� �������� �������� �������

������������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������

���������������������������������������� ��������+�����+ ������������������������������

������ ������ ��� ��������� ����������� �������� ��� ��� ������������ ������������������ �������� ���

�����������������������������������������������������������������������������������������������

with more epithelioid cel�������������������������������������������������� ��� ���� �������������

���������������������������������������������������������������������������������������������������

������������������������������ 

T cells in UM 

�� ������������ ������� ��� ���� ��������� ������� ���������� ������ ������ ���� �������� �����

����������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������

helper cells act to mount an immune response indirectly through the secretion of inflammatory 

�������������������������������������������������������������������������������������������������

important in controlling how the immune system acts in response to self-antigens and therefore 

���������������������������������������������������������������-cells from autoimmune reactions.   

���� ��������� ��� �� ������ ���� ���������� ������ ��� ���������� �������� ���� ������� ���� ��������� ���

�������������������������������������������������������������������������;���������������������

������������������������� ����������� ��������� ���������� ���������������� ��������������������

�������� ������� ���� ��������������� ����������� ��� ���� ��������� ��� ������ ��� ��� ��������

��������� �������������������������������������������������������������������������������������

������������������������������������������� 
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HLA Expression in UM 

HLA expression is an important inflammatory marker in UM. Based on their structure and type of 

interaction, HLA molecules are categorized into two types.  

HLA Class I molecules consist of classic HLA-A, -B and -C and non-classic HLA-E, -L, -J, -K, -

H, and –G subtypes (Goldsby 2003). Classic HLA Class I are expressed on almost all nucleated 

cells and present antigens to T cell receptors (TCR) of CD8 T cells (Szeto 2021). They are made 

of one heavy polypeptide chain which is non-covalently associated with β2-microglobulin (β2-m). 

The second type, HLA Class II, includes HLA-DP, DM, DO, DQ and –DR (Goldsby 2003) which 

are only expressed on specific immune cells such as antigen presenting cells (monocytes, 

macrophages and dendritic cells), thymic epithelium cells and activated T cells. These molecules 

bind to CD4 T cells and can start immune responses against foreign peptides (Roche 2015).  

The natural expectation is that tumour cells decrease their surface HLA expression in order to 

avoid recognition by cytotoxic T cells (Garrido 1993), whereas the opposite occurs in UM (Jager 

2002): as tumour spread from the eye takes place, tumour cells might encounter NK cells present 

in the blood which target cells with a low HLA Class I expression (Ma 1995). The finding that 

higher levels of HLA Class I, HLA Class II and β2-microglobulin expression are associated with 

����������������������������������������������;�����������������

On the other hand, a high expression of HLA Class I antigens may allow an effective T cell 

response once metastases have reached the liver. One reason for ineffective local T cell responses 

might be the loss of expression of specific alleles, thereby decreasing the sensitivity to cytotoxic 

T cell-mediated lysis, even when high levels of other alleles are present. HLA allotype loss is 

another strategy which occurs in both HLA-A and HLA-B and might exhibit as haplotype loss or 

complete loss (Hurks 2000, Anastassiou 2003). An analysis of a series of cell lines showed 

deficiencies of several alleles.  Even after exposure of the cell lines to inflammatory cytokines 

such as IFNγ and IFNα, some alleles did not show expression (de Waard-Siebinga 1995). 
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Potential inflammatory regulators in UM 

As already mentioned, the presence of an inflammatory phenotype is linked to specific 

chromosome copy number aberrations, especially with monosomy 3/loss of BAP1 expression 

(Maat 2008, Bronkhorst 2012, Robertson 2017, Gezgin 2017). The inflammatory phenotype is 

characterized by an increased density of infiltrating lymphocytes and macrophages, and an 

increased expression of HLA Class I and II antigens. We set out to study which pathways may 

play a role in the regulation of this inflammatory phenotype. We looked at the NFkB pathway, 

epigenetic regulators such as miRNAs and HDACs, and at the potential influence of immune 

checkpoint molecules. 

NFkB pathway as a mediator between inflammation and cancer  

An important signaling pathway which regulates the immune system, involved in inflammatory 

processes is the NFkB pathway. After activation, this pathway ultimately leads to the production 

of inflammatory cytokines and regulates immune cell activation (Lawrence 2009, Oh 2013). 

Multiple studies have reported the upregulation of the NFkB pathway in several type of cancers 

giving it a role in uncontrolled proliferation, angiogenesis, metastasis and resistance to different 

therapies (Pires 2018).  It has been reported that the NFkB pathway is involved in the progression 

of uveal melanoma (Mier 2007, Dror 2009). Until now no studies have looked at the relationship 

between this pathway and the inflammatory phenotype of UM.  

Epigenetics and regulation of inflammation  

Epigenetics is the phenomenon which regulates gene expression without altering the gene 

sequence. One approach is through methylation of promoters, which represses transcription. 

Another set of epigenetic enzymes which alter gene expression in malignancies are histone 

deacetylases (HDAC). These enzymes repress gene expression by the removal of acetyl groups 

from the histone tails, compacting the chromatin structure and making the promoter unreachable. 

HDACs are often overexpressed in tumours which potentially enhance the proliferation and 

development of cancer cells by repressing the expression of cell cycle inhibitors (Halkidou 2004, 

Song 2005). 
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MiRNAs as regulators of inflammation 

A group of non-translated molecules referred to as miRNAs are involved in the epigenetic 

regulation of gene expression. These short RNAs are often 17-22 base pairs long and bind to 

specific mRNA based on complementary sequencing. By binding to 3ʹUTR regions of 

complimentary mRNAs, they either stimulate or delay translation of specific transcribed genes 

(Wahid, 2001(. Recent studies have found roles for miRNAs in the invasive behavior of tumour 

cells. MiRNAs could target oncogenes, tumour suppressors, modulate stem cell characteristics, 

alter epithelial mesenchymal transition ability, influence cells residing in the tumour 

microenvironment and therefore play a role in the development of metastasis (as reviewed by Kim 

2019). 

Microarray studies on different types of tumours indicate that in addition to a tumour suppressive 

role, miRNAs could also act as oncogenes and halt tumour suppressor genes at a post-

���������������������;����������������������������ir-106a on Rb  in colon cancer and mir-20a on 

TGFBR2 in lung cancer (Volinia 2006). In addition, inflammation could also affect miRNA 

expression in cancers (Wu 2008) 

Different studies report different miRNAs to be either up or downregulated in high risk UM 

tumours (Worley 2008, Smit 2019, Augton 2020) but none of them have studied the involvement 

of miRNAs in the inflammatory processes of this disease.  

Immune checkpoints as Immune modulators 

�������������������������������������������������������������������������;�������������������

form extensive colonies around the malignant cells, they are mostly not effective in destroying 

them and are considered “exhausted” (Niederkorn 2009). The exact reason for this phenomenon is 

still unknown but suggests a possible role for immune checkpoints. 

Well known immune checkpoints are CTLA-4 and PD-L1. CTLA-4 is one of the checkpoints 

expressed on effector and regulatory T cells which is very similar to CD28 and therefore is able to 

bind to CD80/86 with higher affinity and hence reduce its stimulatory effect (Algere 2001).  
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PD-1, which is mainly expressed on T cells and B cells. PD-1 binds to its ligands PD-L1 and PD-

L2, which are expressed on the cell surface of tumour cells (Topalian 2012). 

Despite several attempts toward the use of checkpoint therapy in UM, most have not been 

successful enough to serve as an appropriate adjuvant therapeutic approach for the treatment of 

��� ����������� ����������� �����;� ���������� ��������� �������� ��� �������� ������� ������������

Lymphocyte Activation Gene-3 (LAG3) (Durante 2020). 

LAG3 is naturally present on the surface of T and NK cells and is relevant for the prevention of 

auto-immunity (Triebel 1990). The canonical ligand for LAG3 is HLA Class II.  HLA Class II is 

believed to be associated with the development of metastasis in UM (Krishnakumar 2003). In 1988 

Jager et al reported that HLA-DQ was associated with infiltration in UM (Jager 1988).  

Taken together it seems that the high LAG3 /HLA Class II expression detected in UM tumours 

might serve as an appropriate mechanism for reviving the cytotoxic anti-tumour ability of CD8 

cells. 

Outline of thesis  

As HLA Class I expression is an important target for cytotoxic T cells but an in inhibitor of NK 

cells, we were interested in the regulation of its expression. It is furthermore a prognostic marker, 

associated with loss of one copy of chromosome 3 and loss of BAP1 expression. In chapter 2, we 

review HLA expression in UM, how it is involved in the inflammatory phenotype, how it is 

regulated and how putative treatments might be effective in its expression. In addition, we report 

results of experiments with regard to HLA Class I expression in UM cell lines: we show that allelic 

defects are present in the cell lines even after IFNɤ stimulation. We report how different drugs 

impact HLA Class I expression both in a negative and positive manner. 

In chapter  3, we investigate the potential role of the NFkB pathway in the regulation of 

inflammation in UM and its potential association with HLA Class I expression. We wonder 

whether the expression of NFkB components are related to the tumours chromosome 3/BAP1 

status. We report that members of both canonical and non-canonical NFkB pathway are related to  
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high amounts of infiltrating T cells and macrophages and also show an association with loss of 

chromosome3/BAP1 in UM. 

In order to increase our understanding for the reason behind the elevated HLA Class I expression 

in UM tumours, we investigate the involvement of epigenetics in chapter 4. We focus on a set of 

epigenetic enzymes called histone deacetylases and report that these regulators are highly 

expressed in Monosomy 3 UM. Moreover we show that the chemotherapeutic HDAC inhibitor, 

Quisinostat, is not only able to inhibit cell growth in-vitro but further increases HLA Class I at 

both the mRNA and protein level and hence might impact immunotherapeutic approaches when 

used as adjuvant therapy.  

In chapter 5 we wonder whether HDAC expression is influenced by the presence of infiltrating 

lymphocytes and macrophages. We find that HDAC expression is positively correlated with the 

�������������������������������������;��������������������������������������ɤ and therefore 

suggest a role for infiltrating cells in the regulation of HDAC enzymes.  

In chapter 6 we focus on miRNA’s as another set of epigenetic regulators of inflammation. We 

investigate the potential relation of a set of 125 miRNA’s with HLA Class I expression and the 

presence of an infiltrate in UM and report two patterns of miRNA expression. 

In chapter 7 we study the LAG3 immune checkpoint in UM tumours. As immune checkpoints 

might be responsible for the T cell exhaustion which is observed in UM, we investigate the 

involvement of LAG in prognostication and study how LAG3 and its ligands are distributed among 

different UM tumours in order to increase knowledge towards the design of new adjuvant therapy 

for the treatment of UM metastasis. 

�����������chapter 8, we summarize the different chapters and report our general conclusion based 

on what we have understood from the findings of this thesis.  
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Abstract 

Uveal melanoma (UM) is the most common primary intraocular malignancy in adults, and gives 

rise to metastases in 50% of cases. The presence of an inflammatory phenotype is a well-known 

risk factor for the development of metastases. This inflammatory phenotype is characterized  by  

the  presence  of  high  numbers of lymphocytes  and  macrophages, and a high expression  of  the  

HLA Class I and II antigens. An abnormal expression of HLA Class I may influence cytotoxic T 

lymphocyte (CTL) as well as Natural Killer (NK) cell responses.We provide a comprehensive  

review  regarding the inflammatory phenotype  in  UM  and  the  expression  of locus- and allele-

specific HLA Class I and of Class II antigens in primary UM and its metastases. Furthermore, we 

describe the known regulators and the role of genetics (especially chromosome 3 and BRCA-

Associated Protein 1 (BAP1 status)), and, last but not least, the effect of putative therapeutic 

treatments on HLA expression. 

Keywords: Uveal Melanoma, Inflammation, HLA Class I, HLA Class II, Chromosome 3, BAP1 
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1. Introduction

Uveal melanoma (UM) is an intraocular tumor which arises from the uveal tract, with 3–5% of 

tumors involving the iris, 5–8% the ciliary body and 90% the choroid [1,2]. The disease occurs 

mainly in Caucasians, where it is associated with blond hair, light eyes and a fair skin [3,4]. 

Depending on the size and location of the tumor, the clinical presentation differs. Symptoms may 

include loss of vision and pain, or the tumor may be found by chance during a routine eye 

examination [5,6]. The diagnosis is made upon clinical examination by an ophthalmologist using 

indirect ophthalmoscopy, ultrasonography and sometimes fluorescein angiography. Treatment 

consists of irradiation (local brachytherapy, proton beam therapy, stereotactic irradiation), or 

enucleation of the eye. Histopathological examination of tumor material is performed for 

confirmation of the diagnosis as well as for determining prognostic parameters [6–8]. The  

hematogenous spread of  UM  specifically  targets  the  liver  and  up  to  50%  of  patients ultimately 

die due to metastatic disease [9]. One of the hallmarks of cancer is inflammation [10–12]: 

inflammation stimulates tumor cell proliferation, survival, angiogenesis, metastasis formation, and 

may cause a decreased response to treatments. Although the eye is an immune-privileged site, 

where inflammatory responses are limited [13], immune cell infiltration frequently occurs in the 

intraocular UM [14]. During the course of malignant progression of the tumor, an increase in 

infiltrating immune cells (high numbers of infiltrating tumor-associated macrophages (TAM’s) 

and tumor-infiltrating leukocytes (TIL’s) and HLA Class I expression) is observed [15], which 

combination is known as the inflammatory phenotype [16–19]. This inflammatory phenotype has 

been identified as being associated with an infaust prognosis. It is associated with loss of one 

chromosome 3 and loss of expression of BRCA-Associated Protein 1 (BAP1), the product of a 

gene located on chromosome 3, which encodes an ubiquitin protease [20]. Loss of expression of 

BAP1 and loss of one chromosome 3 often occur together and both are well-known risk factors 

for the development of metastases in UM patients [21, 22]. HLA molecules are glycoproteins 

expressed on the cell surface. The HLA genes are located on chromosome 6.  HLA Class I proteins 

are present on almost all nucleated cells and serve to present foreign peptides to cytotoxic T cells 

(CTLs, CD8+) or bind to killer inhibitory receptors (KIR’s) of Natural Killer (NK) cells, which 

may lead to suppression of these NK cells (Figure 1).  
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HLA Class II proteins are mainly expressed on B cells, a subset of T cells, and on antigen-

presenting cells and interact with regulatory Treg cells (CD4+) [23]. As HLA expression is known 

as one of the prognostic factors in UM while it is also important for the effectiveness of 

immunotherapeutic approaches, we here provide an overview of the expression of these molecules 

in UM, their regulation, and function. 

2. HLA Expression in Uveal Melanoma 

2.1. Variability of HLA Expression in UM 

Studies in the 1980s on cutaneous melanoma showed that specific expression patterns of HLA 

Class I and HLA Class II might be associated with progression to metastasis.  HLA Class I, beta-

2 microglobulin (B2M) and HLA Class II were not detected on the majority of nevus cells but 

were found on primary cutaneous melanomas and metastatic lesions [24]. The difference in the 

expression of these molecules suggested a role in the progression of malignancy. This led to a 

study on HLA expression in UM, which examined the expression of monomorphic and locus-

specific HLA Class I and II antigens on paraffin sections of 27 human UM, using a panel of 

monoclonal antibodies directed against B2M, HLA Class I and HLA Class II [25]. HLA Class I 

antigens were expressed on most tumors and more cells expressed Class I than Class II. HLA Class 

I expression was higher on (high risk) epithelioid tumors than on tumors with a spindle or mixed 

cell type. There was a great variability in HLA expression among the tumors which theoretically 

could be caused by different developmental states, different oncogenic mutations and also different 

lymphokines present in the tumor microenvironment. In 1996, De Waard-Siebinga et al. [26] 

compared the expression of HLA-A versus HLA-B on paraffin sections of 23 HLA-typed UM and 

found that HLA-A expression was higher than HLA-B expression. 
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Figure 1. Schematic illustration of the relationship between the tumor’s chromosome3/BRCA-Associated 
Protein 1 (BAP1) status, its HLA expression and Natural Killer (NK) cell recognition. (a) Disomy 3/BAP1-
wild type tumor: low HLA Class I expression, killed by NK cells. (b) Monosomy3/BAP1-mutated  tumor: 
high  HLA  Class  I  expression,  escapes  from  NK  cell-mediated  lysis  in the blood stream. 

2.2. HLA Expression and Metastatic Potential 

The studies by Jager et al. in 1986 [25] and De Waard-Siebinga et al. [26] in 1996 lacked proper 

information on the relation with survival. To answer the question whether HLA expression is 

related to survival, Blom et al. [27] set out to determine the expression of locus-specific HLA-A 

and HLA-B expression using immunohistochemistry on paraffin sections of 30 UM with good 

clinical information and excellent follow-up. Confirming earlier findings, they found variability 

among different tumors for HLA-A and HLA-B expression. However, within individual tumors, 

HLA-A and HLA-B expression were highly correlated. While the paradigm and expectation was 

that a low HLA expression would allow tumor cells to escape from CTL-mediated lysis, and thus 

lead to metastases, this study showed for the first time that the opposite was true: in UM, a high 

HLA-A/B expression was associated with a low patient survival. The assumption arose that a 

decreased expression of HLA-A and HLA-B could prevent the development of metastasis because 

of NK cell-mediated lysis of migrating tumor cells in the blood, preventing the tumor cells from 

reaching the liver.  
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An earlier study by Ma and Niederkorn in 1995 [28] had already indicated the possible role of NK 

cell-mediated lysis against UM cells. The group of Niederkorn tested Transforming Growth Factor 

beta (TGF-β), a down-regulator of HLA Class I, on two melanoma cell lines (OCM1, OCM8) 

which were known to have high levels of HLA Class I, in order to investigate the effect of NK-

mediated lysis. Incubation with TGF-β resulted in a significant downregulation of HLA Class I 

(52–62%) and an increase of NK cell cytolysis.  As an analogous experiment they applied 

Interferon gamma (IFNγ), an inducer of HLA Class I, on cell lineOCM3, which had a low HLA 

Class I level. This led to an 80% increase in HLA Class I expression and a 10% reduction in NK 

cell-mediated lysis. Taken together these results confirmed the strong role of different external 

factors in the tumor microenvironment which could influence the survival and metastasis of 

melanoma cells, and the role of HLA expression in the effector function of immune cells. The 

hypothesis became that NK cells in the blood would kill UM cells with a low HLA Class I 

expression prior to their settlement in the liver, while the HLA Class I expressing cells would not 

be lysed. These studies stimulated an interest in the function of HLA in UM. A few years later, 

papers from three different countries confirmed the findings of Blom et al. [27]. A study by 

Ericsson et al. [29] not only confirmed the findings with regard to HLA Class I, but also provided 

information about the association of HLA Class II expression and the progression of the disease 

in 70 patients. A low expression of HLA Class I and HLA Class II was significantly more frequent 

in more benign spindle cell UM (p = 0.006 and p = 0.01, respectively). A high expression of HLA 

Class I, B2M and HLA Class II correlated significantly with the development of metastases (p = 

0.013, p = 0.001, and p = 0.02, respectively).  These findings support the role of NK cell-mediated 

protection against systemic spreading of UM. In 2002, Dithmar et al. [30] looked at the association 

between HLA Class I locus-specific expression and melanoma cell type: 22 tumors were divided 

into those with a spindle or those with an epithelioid cell type. HLA Class I expression was 

analyzed by immune histochemistry, using the same antibodies as used previously by De Waard-

Siebinga et al. [26] and Blom et al. [27]. 18% of the spindle type UM versus 82% of the epithelioid 

type UM stained positively with (HCA)-10, an antibody that recognizes specifically HLA-A 

antigens [31]. They confirmed that the more malignant epithelioid cell type tumors had a higher 

HLA expression than non-epithelioid tumors. 
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2.3. Coordination between HLA Expression and Tumor Infiltrates.  

An early study in 1992 used monoclonal antibodies and flow cytometry to study the lymphocyte 

and monocyte population and HLA expression in 41 UM samples [32]. Meecham et al. determined 

the presence of melanoma cells using antibody 13A3E (an anti-melanocyte antibody) which 

stained on average 82% of the cells (31–98%). Staining for HLA-A, HLA-B and HLA-C was 

positive in on average 85% of the tumor cells (25–98%) and for the Class II antigen HLA-DR in 

7% (0–58%). The amount of lymphocytic infiltrate was variable among the samples with 

predominantly CD3+T cells, accounting for 4.5% of the total cell population (range 0.1–29%).  

Other immune cells such as NK cells, B cells and macrophages comprised less than 2.5%. They 

found that the ratio of the CD4+/CD8+ population was not constant, as in some tumors the CD4+ 

population was dominant while in others CD8+T cells were the most common. This study showed 

that (in irradiated tumors), an increase in age was associated with an increase in the CD4+ 

population, while the number of CD8+ cells decreased (p = 0.02). In 1996 [14], De Waard-

Siebinga et al. found significant positive correlations between the presence of CD3+  cells and 

HLA Class I, HLA-A2, HLA-Bw4 and HLA Class II expression. In addition, CD4+ T cells and 

CD11B+ cells (granulocytes, monocytes/macrophages, NK cells) were significantly correlated to 

HLA class I expression. All UM samples contained some infiltrating cells although often in small 

amounts, with a predominance of T cells. Van Essen et al. [33] compared the presence of molecules 

of the Antigen Processing Machinery (APM) with the quantity of infiltrating cells and similarly 

observed that a high number of macrophages (CD68+) and lymphocytes (CD3+) correlated 

positively to the level of HLA Class I expression as they did with the status of chromosome 3. 

HLA-A, HLA-B, and B2M were all higher in tumors with a high CD3+ infiltrate. When fresh 

tumor material was implanted as a xenograft into Severe Combined Immuno-deficient (SCID) 

mice, leukocyte infiltration was lost and subsequently, the expression of HLA Class I and its 

regulators became downregulated. These findings show that it is the presence of leukocytes that 

causes the upregulation of HLA Class I and II antigens, and that is not the high level of HLA 

antigens attracting the infiltrating immune cells. 
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2.4. Locus and Allele-Specific Loss as an Escape Strategy  

During the last decades, several studies have confirmed that UM cells may lack expression of locus 

or allele-specific HLA antigens, which may help cells to escape from T cell-mediated responses 

while the normal expression of the remaining antigens would give the cells the ability to be 

protected against NK cells inside the bloodstream. In 2002, Anastassiou et al. [34] studied HLA-

A, HLA-B, and HLA-C expression using immunoprecipitation and Western blot on tissues of 18 

HLA-typed patients. Half of the samples showed full HLA-A and HLA-B expression, while HLA 

allotype loss was found in 33%, with three cases affecting the HLA-A locus (HLA-A2, A28, and 

A29) and three the HLA-B locus (HLA-B18, B35 and B55). Two tumors showed a haplotype loss 

(HLA-A2, B44 and HLA-A2, B13) and one tumor showed a complete HLA-A (HLA-A26, -A32) 

loss together with one HLA-B allotype loss (HLA-B41). HLA-A2 expression was variable, with 

homogenous expression in three samples (>75% of the tumor cells), heterogeneous expression in 

two samples (25–75% of the tumor cells) and negative expression in only one sample. The cause 

for lack of expression was not investigated. In order to find out whether immunotherapy would be 

feasible on UM, our lab studied the reason why specific T cells would not recognize tumor cells 

in spite of high levels of HLA Class I expression in UM [35]. It was suggested that there might be 

an association between loss of specific HLA haplotypes and T cell recognition. A series of 

molecularly HLA-typed cell lines (92.1, Mel202, OCM-1, EOM3, OCM-3 and OMM1) was tested 

using Fluorescence-Activated Cell Sorting (FACS) in order to find defects in polymorphic HLA-

A and HLA-B expression. HLA-A expression was high in all the tested cell lines and could be 

further (and similarly) induced by both IFNγ and IFNα treatment [36,37].  Both allele-specific and 

locus-specific loss of HLA expression were observed in UM cell lines, and some could be restored 

by IFN treatment, others could not. Cell line 92.1 had lost HLA-B44, and Mel202 had lost its 

HLA-B5-allele specific expression while OMM1 had lost all B locus-specific expression (HLA-

B27, -B40). This loss of expression may have helped the tumor to prevent recognition by CTLs, 

helping metastasis to develop [16]. Recently, we tested four UM cell lines and used IFNγ to induce 

HLA Class I expression (Figure 2). 
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Figure 2. HLA-typed Uveal melanoma (UM) cell lines can be analysed by Fluorescence-Activated Cell 
Sorting (FACS) using HLA antigen specific monoclonal antibodies to find defects in the expression of 
HLA alleles, and to determine the sensitivity of induction by Interferon gamma (IFNγ). Loss of HLA Class 
I allele expression in UM cell lines: B7 and B52 loss in Mel270, B27 and B40 loss in OMM1, B44 loss in 
92.1 (**p�������;���� p = 0.001). 

3. HLA Class I Regulation in UM

3.1. HLA Expression is related to Genetic Factors 

In other tumors such as cutaenous melanoma, several different mechanisms have been found 

responsible for a loss in HLA antigen expression. We asked the question whether genetic 

determinants influenced the level of expression of HLA. Van Essen et al. [38] compared HLA 

expression with the distribution of the HLA allele frequencies in 50 patients who had undergone 

enucleation for UM in Leiden between 1999 –2004.  Before correction for multiple testing, a lower 

macrophage infiltration was seen for tumors that were HLA-A2, and a higher HLA-DR expression 

in tumors of patients with HLA-DR6, although after correction for the number of analyses, no 

significance was found. This study showed that the HLA genotype does not affect overall HLA 

expression or macrophage infiltration in UM.  
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An inverse correlation between HLA Class I expression and expression of a well-known oncogene, 

c-myc, has been observed in cutaneous melanoma [39].  In 1997, Blom et al. asked whether they 

could find a similar inverse association in UM, and studied paraffin sections from 30 UM, where 

they measured HLA-A, HLA-B and c-myc expression by immunohistochemistry [40]: a low level 

of HLA-B was significantly correlated to a high level of c-myc expression in the cytoplasm (p = 

0.03), which was similar to the findings that had been reported regarding cutaneous melanoma.  In 

the UM sections, a high level of HLA-B was associated with an epithelioid cell type (p = 0.004). 

In other malignancies, loss of HLA Class I antigens is often caused by loss of essential molecules 

of the HLA antigen-processing and presentation system, such as the Transporter Associated with 

Antigen Processing (TAP1) protein in colorectal cancer [41,42] and primary cutaneous melanoma 

[43,44]. Studies were undertaken to determine whether the same held true for UM. A study in 2003 

assessed the relation between HLA Class I and the presence of Antigen-Processing Molecules 

(APM) in 41 primary UM specimens from Asian-Indians [45]. HLA Class I, Low Molecular Mass 

Polypeptide 2 (LMP2), LMP10, TAP1, tapasin and calnexin were all low in tumors without extra-

scleral extension and high in tumors which gave rise to liver metastasis. Later, van Essen [33] not 

only analyzed peptide-loading components but also some other regulators of expression, and 

(similarly) found significant associations between the presence of TAP1 and TAP2 and expression 

of HLA Class I, HLA Class II and B2M. In addition, the HLA expression regulators Interferon 

Regulatory Factor 1 (IRF1) and IRF8 were found to correlate positively with HLA-A, HLA-B and 

B2M. Regulator NOD-like Receptor family CARD domain containing 5 (NLRC5) correlated with 

HLA-B and B2M expression, and Class II major histocompatibility complex Transactivator 

(CIITA) with HLA-B as well as with B2M. This study compared expression with the most 

important genetic prognostic factor, monosomy for chromosome 3.  The relation between HLA-A 

and HLA-B expression with chromosome 3 status was investigated by Illumina microarray, 

immunohistochemistry and qPCR. Illumina data showed a strong difference between disomy 3 

(D3) and monosomy 3 (M3) for HLA-A and HLA-B, with a higher expression in M3 tumors. 

Immunohistochemistry revealed only a difference for HLA-A, while qPCR revealed differences 

for HLA-A, HLA-B and B2M between D3 and M3 tumors. While an increased level of IRF1 was 

associated with M3, expression levels of IRF2, IRF8, NLRC5, and CIITA were not significantly 

related to M3.  
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However, the group of analyzed tumors was quite small (n=13). A high expression of TAP1 and 

IRF1 was associated with death due to metastases, while NLRC5, CIITA, IRF2, and IRF8 

expression levels were not.  This study confirmed that UM cells contain a proper functioning HLA 

antigen-processing system which therefore do not cause loss of HLA expression, and that 

expression of HLA proteins on the cell surface, and several HLA transcription regulators and the 

peptide loading machinery are co-regulated. 

3.2. Locus-Specific Differences between HLA-A and HLA-B 

Low constitutive HLA Class I expression is observed among different types of cells with some 

being restored by the addition of IFN’s and tumor necrosis factor (TNF). In 1993, Girdlestone et 

al. investigated the reason for a different regulation of HLA-A and HLA-B [46].  They found a 

role for Nuclear Factor kappa-light-chain-enhancer of activated B cells (NFkB) in the regulation 

of HLA-A and HLA-B expression in MOLT4 and YHHH cell lines, which had been derived from 

lymphoblastic leukemia. Two main upstream control elements are known to be responsible for 

basal HLA Class I expression. The HLA-A enhancer contains two Rel (kBF/NFkB) binding motifs 

while the HLA-B enhancer has only one and transcription of the HLA-B gene is therefore less 

transactivated by the NFkB p65 subunit. In contrast, HLA-B transcription was stronger induced 

by IFNγ than HLA-A transcription and the HLA-B promoter was found to have a higher affinity 

for the IRF1 and IRF2 transcription regulators. They also found that in cutaneous melanoma, IRF1 

binds to HLA-A Interferon Response Element (IRE) with a lower affinity than to the HLA-B IRE, 

explaining why HLA-A and B genes are distinctly transcriptionally regulated by Rel family 

members and IFN’s. Also in another study, Johnson et al. reported that HLA-A, B and C differ in 

their regulation by cytokines and expression indifferent tissues [47]. 

4. Other Types of HLA Class I in UM

In addition to HLA-A and -B, several other Class I molecules can be expressed, with different 

functions. HLA-C is a member of the HLA Class I family with a relatively low cell surface 

expression. The main function of HLA-C is its ability to bind as a ligand to KIRs of the NK cells 

and suppress their cytotoxicity [48].  HLA-G together with HLA-E are members of the non-classic 

HLA Class I family expressed mainly on fetal cells of human placenta.  
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These molecules are known to have the ability to suppress immune cell functions such as NK and 

CTL-mediated cytolysis [49–51]. HLA-G has so far not been detected in UM [52]: a study in 2002 

used a variety of methods to analyse HLA-G expression in 11 human UM cell lines with different 

HLA-A and -B expression levels and metastatic potential. In addition, HLA-G expression was 

investigated on 17 frozen primary UM sections. The trophoblast cell line JEG-3 was used as a 

control. No HLA-G protein or RNA was found in any UM cell line or tissue even after treatment 

with IFNγ. Different levels of HLA-E expression were observed, which could be further induced 

after IFNγ treatment, suggesting that HLA-G has no role in a tumor’s escape from the immune 

system, while HLA-E should be further investigated. As the previous studies demonstrated a low 

expression of HLA-G in UM it is conceivable that NK cell-based lysis may be effective in 

destroying UM cells and that these molecules are not involved in the immune-biology of UM. 

5. Genetics Play a Role in the Development of UM 

5.1. HLA Allele Frequencies in UM 

Several investigators in Leiden studied the genetic distribution of HLA Class I, II and MICA genes 

in UM patients. In 2005, Metzelaar-Blok et al. analyzed 159 cases of UM which were typed for 

HLA Class I and II and 168 cases which were evaluated for the MICA gene by microsatellite 

typing, and compared their HLA genotypes to 2440 healthy controls [53]. No significant 

differences were observed between the two populations. In the UM population, the highest allele 

frequency was seen for A2 (55% in UM and 53% in control population), a gene that is often used 

for inclusion in immunotherapy trials.  No significant associations were noticed between HLA and 

MICA genetic polymorphisms and the development of a UM. An extension of this study to 235 

cases did not change the conclusions [54], but did find some associations between tumor 

characteristics (HLA-DR13 with large tumor size, HLA-B35 with spindle cell type and HLA-B60 

with ciliary body involvement). While the first study on the relation between HLA type and 

prognosis showed an association between the presence of HLA-B40 and the development of 

metastases [55], the later study by Maat in 2006 did not reproduce this, but rather found an 

association between B44 and a worse survival [54]. 
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5.2. Somatic Genetic Abnormalities and HLA Expression in Uveal Melanoma 

Somatic genetic factors are known to influence the development and behavior of UM, and have 

been found to play a major role in creating the inflammatory microenvironment. Loss of 

chromosome 1p, 3, or 6q and gain in 6p or 8q are among the most frequently occurring 

chromosomal changes identified in UM. These genetic abnormalities affect different aspects of 

UM [7, 8, 56–58]. Loss of one chromosome 3 (Monosomy 3, M3) is found in 50% of UM patients 

and is associated with a bad prognosis. Almost all M3 tumors also show gain in chromosome 8q, 

while this aberration can also be present in Disomy 3 (D3) tumors [59–61]. Gain of chromosome 

8q is considered an early event, developing prior to the loss of chromosome 3, is a bad prognostic 

factor and is associated with an increased macrophage infiltration [15]. As the HLA genes are 

located on chromosome 6 and both losses and gains of parts of this chromosome are common in 

UM, the relation between these genetic aberrations and HLA expression was investigated by 

several authors. Blok et al. used three microsatellite markers on chromosome 6 to see whether Loss 

of Heterozygozity (LOH) of chromosome 6p might affect HLA Class I expression [62]. She 

analyzed DNA extracted from 20 formalin-fixed paraffin-embedded primary UM, and found that 

65% of the studied tumors showed LOH of at least one locus on chromosome 6p. However, no 

correlation between LOH on 6p and HLA-A and HLA-B monomorphic expression was observed. 

Van Essen et al. [33] investigated putative associations between copy numbers of multiple 

chromosomes and HLA expression. Half of the studied UM showed M3 according to Single 

Nucleotide Polymorphism (SNP) analysis, which was associated with death due to metastasis 

(Kaplan-Meier, p < 0.001).  Gain in 6p was reported in 29% and was associated with good survival 

(Kaplan-Meier: p = 0.049). M3 was associated with elevated levels of HLA Class I and B2M. 

When looking at all tumors together, an association was observed between 6p gain and a low HLA-

B expression (p = 0.049), which was probably due to the negative association between M3 and 6p 

gain: among the D3 tumors, no dosage effect of 6p was found on HLA Class I, II or B2M gene 

expression while M3 tumors had higher mean level of HLA Class I compared to D3 tumors. As 

shown in Figure 3, HLA-A, HLA-B and HLA-DR are significantly higher in M3 tumors compared 

to D3 tumors according to data analysed from The Cancer Genome Atlas (TCGA) database [18]. 
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Figure 3. Comparison between HLA-A, HLA-B and HLA-DR expression in disomy 3 (D3) vs 
monosomy3 (M3) tumors of The Cancer Genome Atlas (TCGA) database. 

6. Metastases and HLA Expression

When comparing expression of monomorphic HLA Class I on a primary UM sample, and several 

metastases, Blom et al. [63] noticed that in the metastatic lesions, expression of polymorphic HLA-

A2 and HLA-A3 was decreased. Changes in HLA-B expression could not be assessed as HLA-

Bw4 was low in all lesions. All metastases contained high amounts of CD3+ and CD4+ and a 

lower amount of CD8+ cells. The tissue of the metastasis was epithelioid, which was the same as 

the primary tissue but with less coherence and atypical mitoses. Verbik et al. [64] compared the 

ability of T cell stimulation in primary melanoma cell lines derived from either eye or skin 

melanoma. The expression of HLA Class I and II was assessed either by absence or presence of 

IFNγ. Also, various concentrations of tumor cells were added to lymphocyte cultures and their 

stimulatory capacity on T cells was determined. Primary cutaneous melanoma cells induced T cell 

proliferation while UM cells did not, although the UM cells expressed high levels of HLA Class I 

and II after stimulation with IFNγ.  
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The inhibitory effect was lost when ocular cells formed hepatic metastasis. This suggested that 

primary ocular tumor cells were poorly immunogenic and this immunogenicity alters when they 

move to a new microenvironment. In 2017, Gezgin et al. reported on a series of metastases [65]. 

Previously, Melanoma Antigen Preferentially Expressed in Tumors (PRAME) was found to be 

expressed on primary UM [66]. Gezgin observed that PRAME is indeed expressed in almost half 

of UM cases and is associated with largest basal diameter (15 mm vs 12 mm p = 0.005), ciliary 

body involvement (59% vs 26%, p = 0.008) and gain of chromosome 8 (66% vs 23%, p = 0.002). 

PRAME-specific T cells reacted with four out of seven UM cell lines. Of UM metastases, 69% 

were positive for PRAME mRNA, and 63% positive for HLA Class I, with a total of 50% samples 

co-expressing HLA and PRAME. This study confirmed that PRAME is expressed in UM and that 

some metastatic samples co-express HLA and PRAME, which makes the PRAME antigen a 

putative target for PRAME-directed immunotherapy. In order to study changes during tumor 

progression and discover potential pathways in the development of metastasis in UM, Meir et al. 

[67]analyzed seven metastases and seven primary UM by microarray analysis, validating their

study by qPCR and immunohistochemistry. Microarray analysis showed that 193 genes were 

differently expressed between metastasis and primary UM, with 184 increased in the metastasis. 

NFkB2 was increased in the metastasis, with an increased expression of downstream genes which 

are involved in the progression of the disease such as Growth Arrest and DNA-Damage-inducible, 

Beta (GADD45B) and Hedgehog Interacting Protein (HHIP). 

7. The Effect of Different Treatments on HLA Expression in UM

Interferon Induces HLA Expression In order to achieve an effective immune response against 

tumor cells it is crucial that tumor antigens get displayed on the cell surface by sufficient numbers 

of HLA Class I molecules. The cytokine IFNγ has the ability to up-regulate HLA expression on 

UM cell lines in vitro [36], which could suggest that environmental factors may influence HLA 

expression as well. De Waard-Siebinga et al. [68] compared HLA expression in short term UM 

cultures with the expression in the original tumors from which the cultures had been derived. 

Immunohistochemistry was used to measure HLA expression on tissue sections (HCA2, HC10 

and allele-specific B8.11.2, BB7.2, GAP.A3, 116/5/28, SFR-8-B6) and monoclonal antibodies 

W6/32 and BBM1 were used to evaluate HLA Class I expression on cultured cells.  



Chapter 2

46

 

 

HLA-A expression in the cultured UM cells correlated to the tissue expression (R=0.77) while 

HLA-B was less correlated (R=0.68). HLA-DR expression was decreased during culture, probably 

because the new microenvironment of the cells did not contain interferon-producing leukocytes. 

In a later study, De Waard-Siebinga et al. [69] established UM cell line 92.1 at the Leiden 

University Medical Center. Immunohistochemistry, flow cytometry and Northern blot analysis for 

HLA Class I revealed that this cell line had a low amount of HLA-B compared to HLA-A which, 

however, could be further induced by IFNγ. The effect of IFNγ and IFNα on the growth and 

expression of HLA Class I and II was studied on cell lines 92.1 and Mel202 by cytospins and flow 

cytometry [36]. Treatment with either IFNγ or IFNα decreased the growth of 92.1 but only IFNγ 

was able to inhibit the growth of Mel202. IFNα increased only HLA Class I on the two cell lines. 

At that time the exact mechanism of action of IFN on the cell lines was not well known but as 

differences were observed with regard to the induction of HLA among cell lines, this study 

reflected a potential individual difference in response to treatment with interferon’s in vivo. We 

investigated the expression of HLA Class I (using monoclonal antibody W6/32) on UM cell line 

92.1 (Figure 4) and show by FACS that IFNγ induces HLA Class I expression.  

 

Figure 4. Interferon gamma (IFNγ) treatment induces HLA Class I expression, determined with monoclonal  
antibody  W6/32  and  Fluorescence-Activated  Cell  Sorting  (FACS)  analysis  on  Uveal melanoma (UM) 
cell line 92.1, after 48h treatment. 
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8. HLA Class II in UM

Under normal physiological conditions, constitutive HLA Class II expression mainly occurs on 

the surface of antigen presenting cells and thymic epithelial cells [70]. Krishnakumar et al. 

analysed HLA Class II expression on 45 primary UM from Asian-Indian patients [71], using the 

anti-HLA Class II mAb LGII 612.14. In their study, 17 of the tumors were spindle cell type, 16 

mixed cell type and 12 epithelioid cell type. Thirty-five UM had no extrascleral extension and 

showed a low HLA Class II expression. Among the remaining 10 melanomas with extrascleral 

extension, 60% had developed metastases and revealed a high HLA Class II expression, while 

40% did not develop metastases and had a low HLA Class II expression (p < 0.001). 

8.1. Irradiation and HLA Class II Expression 

In 1988, it was shown that expression of HLA-DQ was correlated with the presence of a 

lymphocyte infiltrate, suggesting a potential regulatory relationship between HLA Class II and 

infiltrates [72]. Comparing non-irradiated tumors with irradiated ones showed differences in all 

three HLA Class II antigens: DR, DP and DQ, although the level of HLA Class I, B2M and various 

melanoma-associated antigens remained the same. This suggested that irradiation might directly 

influence the tumor cells or indirectly influence HLA Class II expression via alteration in the extent 

of the infiltrate, suggesting that radiotherapy decreases the amount of lymphocytic infiltration:  

less IFN is then produced that could upregulate HLA Class II expression. Ericsson et al. [29] found 

that HLA Class II expression was expressed on 30 out of 65 UM samples and expression was 

associated with a lower survival. This study found higher levels of HLA Class II expression than 

the study of Jager in 1988 and it was suggested that in the previous study, irradiation might have 

decreased the expression. 

8.2. Regulation of HLA Class II 

Radosevich et al.  found that UM cells have resistance to IFN induction of HLA Class II [73], but 

that this was not due to blocking of the biosynthetic pathway or the IFNγ signal transduction 

pathway. They used the Mel202, Mel270 and 92.1 cell lines, with Jurkat cells as control and found 

that, similar to other reports, CIITA expression was decreased in the UM cell lines. After addition 

of the DNA methylation inhibitor 5-aza-2’-deoxycytidine, the cells again expressed CIITA mRNA 
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and also HLA-DRA mRNA. They therefore concluded that DNA methylation is a strategy for the 

tumor cells to maintain themselves in the immune-privileged eye, by downregulating their HLA 

Class II expression. When examining leukemic T cells, Holling et al. found that CIITA gene 

expression is silenced by an epigenetic mechanism rather than lack of transcription factors [74].  

They subsequently investigated melanoma cell lines (Mel285, OMM1.3, OCM-1, OCM-3) [75] 

and observed a lack of response to IFNγ induction when there were high levels of DNA 

methylation of the MHC2TA promotor IV (CIITA-pIV), and with high levels of tri-methylated 

histone H3-lysine 27. This resulted in low CIITA and HLA Class II expression. Histone 

methyltransferase EZH2 (Enhancer of Zeste Homolog 2) contributed to this silencing of IFNγ-

inducible transcription of CIITA. Boyd et al. described the role of two other DNA-binding proteins 

that interact with CIITA pIV, namely Yin Yang 1 (YY1) and Jumonji domain containing protein 

2 (JARID2) [76]. They show that these proteins are involved in recruitment of the silencing 

complex Polycomb Repressive Complex 2 (PRC2) (which contains EZH2) to the pIV promoter. 

Jumonji domain containing protein 2 (JARID2) knockdown resulted in elevated levels of CIITA 

mRNA upon IFNγ stimulation, suggesting that JARID2 is an inhibitor of HLA Class II activation. 

Interestingly, other studies have also described a role for Yin Yang 1 (YY1) in regulating HLA 

[77, 78]. 

9. Environmental Influences  

Several studies have analyzed environmental influences, such as photodynamic therapy and 

hyperthermia, on expression of HLA in cultured UM cells. An early study [32] analyzed tumors 

that had previously been treated with either helium ions or I125 plaque. These tumors had a 

reduced staining with anti-melanoma antibody 13A3E because of tumor cell destruction or showed 

an altered antigen expression. No clear relationship was observed between HLA Class I expression 

and cell type. Blom et al. evaluated the effect of photodynamic therapy (PDT), using the 

hematoporphyrin ester bacteriochlorin on UM cell line 92.1 [79]. Flow cytometry analyses showed 

that HLA-A,-B,-C and B2M  microglubulin expression was reduced after PDT treatment, increased 

after 2h and normalized after 6h of treatment. Blom et al. similarly tested the effect of hyperthermia 

on HLA Class I, B2M, Heat Shock Protein (HSP)-60 and HSP-70 [80].  
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They found a time and temperature-dependent effect of this treatment on HLA Class I and HSP-

70: exposure to 45◦C increased HSP-70, but not HSP-60 and reduced HLA Class I expression. 

However, no effect was observed on NK cell susceptibility. Recently, we determined whether 

certain therapeutic drugs, which are being tested to treat metastasis of UM, influence HLA Class 

I expression (Figure 5). Our results show that 48h treatment with silmitasertib (an inhibitor of 

Casein Kinase 2 and Clks) reduced HLA Class I expression in OMM2.5 while foretinib (an 

inhibitor of c-Met, Vascular Endothelial Growth Factor (VEGF) receptor-2 and Tumor Associated 

Macrophage (TAM) receptors) increased HLA Class I expression. More small molecule 

compounds are being tested, but these data show it should be realized that (chemo) therapy can 

influence the expression of immunologically relevant molecules such as the HLA antigens. 

Figure 5. Treatment of cell line OMM2.5 with two different kinase inhibitors for 48h either reduced 
(silmitasertib) or increased (foretinib) HLA Class I expression (monoclonal antibody W6/32, measured by 
Fluorescence-Activated Cell Sorting (FACS) analysis). In the control, no drug was added. 

10. Potential for Immunotherapy: Function of HLA Antigens in Antigen Presentation

Murine  experiments  demonstrated  that  UM  cells  in  the  eye  are  potential  candidates  for  

Tcell mediated therapy [81]. Sutmuller et al. immunized HLA-A*0201/Kb (A2/Kb)-transgenic 

mice with recombinant canarypox virus (ALVAC-gp100) and isolated HLA-A*0201-restricted 

CTL against human gp100.  After injection of human HLA-A2 positive UM cells into the anterior 

chamber of A2/Kb-transgenic mice, these CTL’s were injected systemically, which resulted in a 

rapid elimination of the UM cells from the murine eye.  
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These data show that immunological treatment of intraocular tumors should be possible in spite of 

the immune privilege. Luyten et al. studied eight UM cell lines to assess their capacity to be used 

as stimulators in immunotherapy [82]. The expression of human Melanoma Associated Antigen 

(MAGE), -1, -2 and-3, gp100 and Tyrosinase was measured in UM cell lines. Cell lines OCM.1 

and OMM1 expressed MAGE-1,-2 and -3, whereas EOM-3, Mel202, 92.1, and OMM3 did not. 

Gp100 was expressed in all cell lines, while Tyrosinase was not expressed in EOM.29, OMM2 

and OMM3. They tested the effect of various CTLs in a complement-dependent micro-lympho 

cytotoxicity assay and showed the presence of HLA Class I expression on the primary UM cell 

lines and HLA-A1 or HLA-A2 allelic expression on the metastatic cell lines. Because the cell lines 

expressed HLA Class I molecules and at least two melanoma-associated antigens, they could be 

used as targets to improve experimental immunotherapy. Bosch et al. designed Major 

Histocompatibility Complex II (MHCII)-matched vaccines from UM individuals which could 

cross react with HLA-DR-restricted Tregs of other UM patients and induce IFNγ secretion in them, 

allowing for a CD8+ cell immune response in the eye [83]. In order to develop MHC II vaccines 

they used cell lines Mel202, Mel270 and OMM2.3 which express HLA Class I but not Class II or 

the invariant chain. Expression of HLA-DR and the co-stimulatory molecule CD80 was induced 

by transduction with retroviruses encoding HLA-DRB1*0101 (DR1) and/or the co-stimulatory 

molecule CD80. The MHC II generating vaccine cells were able to stimulate T cell responses, and 

were stable for 6 months in culture. Indoleamine-2,3-dioxygenase  1  (IDO1)  is  a  potential  

immune  modulator. Mondanelli et al. focused on two arginase 1 (Arg1) enzymes, both of which 

are involved in the regulation of the immune system [84]. When studying their activity in dendritic 

cells, they observed that the cytokine TGFβ was able to upregulate Arg1 and IDO1 together, with 

Arg1 getting upregulated earlier than IDO1. Their study led to their understanding that Arg1 is 

essential for the activity of IDO1 and both are expressed at the same time in dendritic cells. Li et 

al. used a special vector to induce IDO expression and observed that IDO suppressed HLA Class 

I expression in keratinocytes [85]. IDO1 is expressed in primary UM and at low levels also in 

metastases [86, 87]. It would be interesting to see whether induction of IDO could serve as a 

potential mechanism to downregulate HLA Class I and lower the tumor cell’s metastatic potential 

in UM. 
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11. New Technologies Might Serve to Improve Knowledge about HLA Expression in UM  

Many of the studies on HLA expression in UM used monoclonal antibodies on fresh-frozen tissue 

sections and mRNA expression. Nowadays, new techniques have become available that may help 

to further our knowledge of the immune system and improve cancer therapy. De Lange et al. 

showed that droplet PCR that identifies DNA differences is a very useful technique to determine 

�������������������;� ����� ���������� ���������used to determine the percentage tumor cells in a 

sample, as well as the percentage of T and B cells [88, 89]. Mass cytometery (CyTOF) is another 

method which can assess different subpopulations of infiltrating immune cells in small tissue 

samples [90]. Using this technology, antigen-presenting cells can be categorized into different 

subsets according to their phenotype and function. Lingblom et al. used this technology to 

characterize immune cell populations in the blood before and after administration of a vaccine 

against the respiratory syncytial virus (RSV). They found differences between HLA-DR 

expression on both CD4+ as well as CD8+ cells between responders and non-responders to the 

vaccine [91]. Other new molecular techniques use genetic and RNA information to precisely 

obtain information of the genome and transcriptome and classify the characteristics of different 

diseases. RNAseq analysis of primary UM and its metastases may help to assess the differential 

expression of different HLA alleles, and its association with different infiltrating leukocyte types, 

and molecular pathways. Robertson et al. not only used RNA but also microRNA and long non-

coding RNAs (lncRNA) to subdivide UM tumors according to their molecular characteristics in 

order to better understand how each population’s molecular signature is related to clinical outcome 

[18]. However, this study still needed fresh-frozen tumor tissue. A recent study used paraffin-

embedded tissues when applying nano-string technology for the analysis of RNA in addition to 

microarray data in cutaneous melanoma patients who had been treated with anti-PD1. Using this 

new technology, they found that a special pathway related to hypoxia was activated in hypoxic 

regions. This pathway induces autophagy and eventually leads to resistance of the tumor cells 

against T cell therapy [92]. Recently, hypoxia as defined by expression of Hypoxia-Inducible 

Factor 1 (HIF1a) was found to be associated with loss of BAP1 expression in UM, and may become 

a target for therapy [93, 94].  
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Using these new techniques to develop an insight in the pathophysiology of the relation between 

the function of BAP1, the immune system, and the development of metastasis may help to develop 

a treatment for UM patients.12.  

Conclusions  

Several studies have been performed on the role of HLA in UM and all confirm that a high HLA 

Class I expression is associated with a bad prognosis, in contrast to the situation in many other 

malignancies. A high HLA expression is associated with loss of one chromosome 3/loss of BAP1 

expression, and is associated with the presence of infiltrating lymphocytes and macrophages, in 

spite of the eye being an immune-privileged site. It is likely that a genetically-determined 

upregulation of HLA antigens attracts leukocytes, which produce IFN, which further stimulates 

HLA Class I expression [95]. 

Epigenetic modifications influence expression, and loss of expression of the ubiquitin protease 

BAP1 is associated with an increased expression of HLA Class I antigens. It is as yet unknown 

why BAP1 has such a great influence on HLA expression and infiltration of immune cells in UM. 

Further studies are necessary to determine whether this is also relevant inside metastases. The 

inflammatory microenvironment in the primary tumor creates an opportunity for the UM cells to 

evade NK cells when they migrate haematogenously from the eye to the liver.  As another strategy  

to  avoid  recognition  from  the  immune  system,  UM  cells  may  lose  expression  of  their 

genetically-determined HLA antigens, with allele-, locus- or haplotype loss, which helps tumor 

cells to escape from cytotoxic T cells. The cell lines which are currently used in research 

laboratories represent many of the characteristics of primary and metastatic UM and serve as good 

and comparable models of UM tumors for future observations, helping to understand the regulation 

of HLA antigen expression. Cell line studies may be useful to identify the effect of different drugs 

on the expression of HLA antigens and immune-modulating proteins such as IDO1 and PD-L1. 

As HLA antigens are necessary for T cell therapy, knowing how they are expressed and regulated 

helps to understand which patients are good candidates for immunotherapy. 
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Abstract 

One of the characteristics of prognostically infaust uveal melanoma (UM) is an inflammatory 

phenotype, which is characterized by high numbers of infiltrating T cells and macrophages, and a 

high HLA Class I expression. We wondered how this inflammation is regulated, and considered 

that one of the most important regulators of inflammation, the NFkB pathway, might play a role. 

We analyzed 64 UM samples for expression of HLA Class I, its regulators, and of members of the 

NFkB transcription family, using an Illumina HT12V4 array. HLA Class I expression and 

infiltrating immune cells were also determined by immune histochemical staining. Information 

was obtained regarding chromosome status by Affymetrix Nsp array. Our analysis shows that 

expression of NFkB1, NFkB2 and RELB positively correlates with the level of HLA Class I 

expression and the number of infiltrating T cells and macrophages, while SPP1 and PPARγ are 

negatively correlated. Increased levels of NFkB1 and NFkB2 and decreased levels of SPP1 and 

PPARγ are seen in Monosomy 3/BAP1-negative tumors. This is also the case in non-inflammatory 

UM, indicating that our observation not only involves infiltrating leukocytes but the tumor cells 

themselves. We report that the NFkB pathway is associated with inflammation and HLA Class I 

expression in UM, and is upregulated when BAP1 expression is lost. 

Keywords: Uveal Melanoma, Inflammation, HLA Class I, NFkB pathway, BAP1, Oncology 

 

1. Introduction 

Uveal melanoma (UM) is a malignancy that originates from melanocytes in the eye, and 50% of 

the patients will ultimately develop metastases [1,2]. Immune cell infiltration, secretion of 

inflammatory cytokines and an increase in HLA expression are frequently observed in UM, 

leading to an inflamed tumor environment, inside the immune-privileged eye [3]. This 

inflammatory phenotype is linked to an increased risk for metastasis [4,5,6,7], and has been 

associated with loss of chromosome 3 [8,9]. It was recently noticed that an extra copy of 

chromosome 8q in the tumor is associated with an influx of macrophages, while loss of 

chromosome 3 (Monosomy 3, M3) correlates with an increased influx of T cells [10]. M3 occurs 

in almost 50% of patients and is associated with a bad prognosis [11-13]. Almost all cases with  
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In cutaneous melanoma, the NFkB pathway is known as a molecular switch which is turned on 

during tumor progression [30,31]. 

Both the canonical and non-canonical NFkB pathway have been shown to be active in primary and 

metastatic UM and are related to progression of the disease [32,33,34], while inhibition of NFkB 

has been shown to reduce cell proliferation. As far as we know, the relation between NFkB 

signalling, HLA Class I expression and genetic tumor progression in UM has not been reported. 

As we observed in our previous studies that genetic aberrations in UM are related to progression 

of the inflammatory environment, we set out to investigate whether NFkB plays a role in the 

expression of HLA Class I and whether the expression of NFkB itself is related to the tumor’s 

chromosome 3/BAP1 status. 

2. Results

2.1. HLA Expression is related to NFkB Pathway Molecules 

As an increased HLA expression is one of the hallmarks of the inflammatory phenotype in UM, 

we wondered whether the NFkB pathway plays a role in the expression of HLA Class I (A, B) 

molecules. We investigated this by analysis of Illumina mRNA expression data. As we had several 

probes for the HLA Class I markers, we compared these probes with previously acquired 

immunohistochemistry data (Supplementary Table S1) [8, 35, and 36]. Three of four mRNA 

probes for gene expression of HLA-A correlated with the immune histochemical data on HLA-A. 

The probe for HLA-B correlated with HC10 staining (p = 0.001). Using the three best HLA-A 

probes and the HLA-B probe, we determined the relation between the NFKB pathway and HLA 

expression in UM (Table 1). 

Significant positive correlations were seen between most of the NFkB markers and HLA Class I: 

NFkB1, NFkB2-pr1 (probe 1) and RELB had a significant positive correlation with HLA-A and 

HLA-B. SPP1-pr2 (probe 2) showed a negative correlation with HLA-B, while PPARγ-pr1 

showed a negative correlation with HLA-A. 
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Table 1. Correlation between mRNA expression levels of different NFkB pathway molecules with mRNA 
expression markers of HLA-A and HLA-B. r = two-tailed Spearman correlation coefficient. p ≤ 0.05 is 
considered significant. Bonferroni correction was applied. 

Markers HLA-A Probe 1 HLA-A Probe 2 HLA-A Probe 3 HLA-B 
r p r p r p r p 

NFkB1 0.438 0.001 0.454 0.001 0.358 0.04 0.433 0.001 
NFkB2, pr1 0.417 0.01 0.403 0.01 0.258 0.40 0.395 0.01 
NFkB2, pr2 0.239 0.57 0.285 0.22 0.171 1 0.254 0.43 
RELA  −0.055 1 −0.270 0.31 −0.280 0.25 −0.147 1 
RELB      0.343 0.05 0.327 0.08 0.429 0.001 0.419 0.01 
SPP1, pr1    −0.285 0.23 −0.303 0.15 −0.241 0.55 −0.325 0.09 
SPP1, pr2   −0.311 0.12 −0.335 0.07 −0.263 0.36 −0.346 0.05 
PPARγ, pr1     −0.325 0.09 −0.355 0.04 −0.363 0.03 −0.327 0.08 
PPARγ, pr2   −0.294 0.18 −0.338 0.06 −0.327 0.08 −  0.265 0.35 
IkBkG       0.188 1 0.039 1 0.250 0.47   0.235 0.62 

 

2.2. NFkB Pathway is Associated with HLA Class I Regulatory Factors and the Antigen-Loading 

Machinery 

In order to further investigate the relationship between HLA Class I expression and the NFkB 

pathway, we investigated a putative relation between the NFkB-signalling pathway molecules and 

HLA Class I regulatory factors (Table 2). CIITA and NLRC5 are both known as regulators of HLA 

Class I expression. IRF1, IRF2 and IRF8 are all transcription factors which specifically bind to the 

interferon response element and are known to play a role in the induction of HLA Class I 

expression in many tissues [35]. TAP1, TAP2, tapasin and calreticulin all belong to the antigen-

loading machinery and play a role in the assembly of HLA Class I molecules on the cell surface 

[37].NFkB1 showed a correlation with IRF1 and TAP1, while NFkB2 had positive correlations 

with TAP1 and calreticulin. RELA did not show any significant correlations while RELB showed 

positive correlations with IRF1, IRF8, TAP1 and TAP2. Both probes of SPP1 showed negative 

correlations with IRF1 and TAP1. Both probes of PPARγ showed negative correlations with IRF1, 

IRF8 and TAP1.
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2.3. Expression of NFkB Pathway Molecules is related to the Presence of Infiltrating Leukocytes 

In order to investigate whether the NFkB pathway is involved in the regulation of leukocyte influx, 

we determined whether any correlation could be found between expression of members of the 

NFkB pathway and markers of infiltrate (determined by immunohistochemistry and mRNA 

analysis). Since several probes for T cell and macrophage markers were available, we looked at 

data from a comparison between previous immunofluorescence results and gene expression data 

and selected the probes with the highest correlation [9,10,38]. We decided to use the following 

markers to determine the presence of infiltrating leukocytes: CD3E and CD3D1 (part of the T-cell 

receptor-CD3 complex as a marker for T cells), CD4 as a marker for T-helper cells and 

macrophages, CD8A as a marker for cytotoxic T cells, and CD68 and CD163 as markers for 

monocytes and macrophages (Table 3). 

Table 3. Correlation between mRNA expression levels of various NFkB pathway molecules with mRNA 
expression markers of different types of infiltrating immune cells. r = two-tailed Spearman correlation 
coefficient. p ≤ 0.05 is considered significant. Bonferroni correction was applied. 

Markers  
CD3E CD3D1 CD4 CD8A CD68 CD163 

r p r p r p r p r p r p 
NFkB1 0.398 0.01 0.298 0.17 0.227 0.71 0.365 0.03 0.172 1 0.009 1 
NFkB2, pr1 0.378 0.02 0.213 0.91 0.195 1 0.258 0.39 0.375 0.02 −0.086 1 
NFkB2, pr2 0.361 0.03 0.242 0.54 0.278 0.26 0.267 0.33 0.411 0.01 0.040 1 
RELA 0.110 1 −0.095 1 −0.119 1 −0.125 1 −0.062 1 −0.065 1 
RELB 0.363 0.03 0.365 0.03 0.308 0.13 0.327 0.08 0.149 1 0.317 0.11 
SPP1, pr1 −0.295 0.18 −0.247 0.49 −0.337 0.06 −0.280 0.25 −0.442 0.001 −0.265 0.35 
SPP1, pr2 −0.297 0.17 −0.251 0.46 −0.330 0.08 −0.281 0.25 −0.447 0.001 −0.243 0.53 
PPARγ, pr1 −0.174 1 −0.327 0.08 −0.475 0.001 −0.256 0.41 −0.221 0.79 −0.399 0.01 
PPARγ, pr2 −0.195 1 −0.311 0.12 −0.460 0.001 −0.276 0.27 −0.209 0.97 −0.353 0.04 
IkBkG 0.184 1 0.196 1 0.233 0.64 0.188 1 −0.009 1 0.354 0.04 

Expression of NFkB1 was positively correlated with the presence of CD3 and CD8 T cells (CD3E p = 0.01, 

CD8A p = 0.03). Similarly, both probes for NFkB2 had a positive correlation with CD3E and CD68. RELA 

did not show any significant correlation, while expression of RELB was significantly correlated to CD3E 

and CD3D1. Both SPP1 probes showed a negative correlation with CD68, while expression of PPARγ (both 

probes) showed a negative correlation with CD4 and CD163. Expression of IkBkG showed a positive 

correlation with CD163. 
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2.4. Confirmation of Associations Found by Heatmap and Survival  

2.4.1. Distribution of NFkB Pathway and HLA Class I Gene Expression in Primary UM 

We put all different analyses together in a heat map, which displays the data of 64 UM, highlighting mRNA 

expression levels of relevant immune markers and tumor characteristics. According to the heatmap (Figure 

1), most D3/BAP1-positive tumors (indicated as blue in the legend) had low expression of HLA-A, HLA-

B, NFkB1, NFkB2 (indicated as blue in the expression array) and high levels of SPP1 and PPARγ (indicated 

as yellow-orange) while most M3/BAP1-negative tumors (indicated as red in the legend) had a high 

expression of HLA-A, HLA-B, NFkB1, NFkB2 (indicated as yellow-orange) and low levels of SPP1 and 

PPARγ (indicated as blue). 

 

Figure 1. Heat map of 64 UM, highlighting mRNA expression levels of inflammatory markers. The 
presence of BAP1 staining, the status of chromosome 3, 6p and 8q, and the presence of GNAQ and 
GNA11 mutations are also shown. Clusters were created by unsupervised clustering of the tumors. 
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2.4.2. Associations between Survival in UM and Chromosome 3, BAP1 and Inflammatory Factors 

Next, we investigated whether any differences could be found between survival with regard to the 

level of expression of HLA Class I and NFkB pathway molecules. Different levels of expression 

in HLA-A, HLAB, RELB and PPARγ significantly differed in survival (Figure 2). Tumors with a 

low expression of HLA-A, HLA-B and RELB led to a better overall survival (p < 0.001, p < 0.001, 

p < 0.001), while tumors with a high level of PPARγ correlated with better survival (p = 0.006). 

We also checked survival in relation to chromosome 3 status and BAP1 staining. Patients with M3 

tumors showed a much shorter survival compared to patients with D3 tumors (p < 0.001), and 

those with tumors that lacked BAP1 staining had a shorter survival compared to those with BAP1-

positive tumors (p < 0.001). 

Figure 2. Kaplan–Meier survival curves based on chromosome 3 status, BAP1 staining and mRNA 
expression of HLA-A, HLA-B, RELB and PPARγ. A log-rank test was used for the significance analysis. 
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2.5. NFkB Pathway and Chromosome 3/BAP1 Status 

As M3 and loss of BAP1 expression are well known risk factors for the development of metastasis 

in UM, we determined whether these genetic aberrations might be associated with expression of 

the NFkB-related molecules directly and, therefore, with the generation of the inflammatory 

environment. First, we analysed the gene expression levels of the NFkB-related markers versus 

chromosome 3 status in our cohort of 64 tumors (Figure 3a). M3 was associated with an increase 

in NFkB1, NFkB2, and RELB and a decrease in SPP1 (both probes) and PPARγ (both probes). 

Figure 3. Comparison of expression of factors involved in NFkB signalling pathways in (a) D3 (● blue) (n 
= 24) versus M3 (o white) (n = 40), and (b) BAP1-positive (● blue) (n = 25) versus BAP1-negative (o 
white) (n = 30) tumors. Mann–Whitney U test, p ≤ 0.05 is considered significant. Thick bars indicate the 
means. 
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Next, we analysed a group of 55 tumors with information on BAP1 staining (Figure 3b). Levels 

of NFkB1 and NFkB2 (both probes) were increased in tumors with BAP1 loss, while SPP1 (both 

probes) and PPARγ (both probes) were decreased in these tumors. 

2.6. NFkB Upregulation is Present in Tumor Cells 

However, the positive correlations may be (partially) due to the expression of NFkB in infiltrating 

lymphocytes and macrophages. In order to determine whether the association between loss of 

BAP1 and changes in the NFkB pathway occurs in the tumor cells themselves, we excluded the 

33% of tumors with the highest CD8 score, leaving a total of 43 tumors. Even with the decreased 

number of cases, one probe for NFkB2 was still positively correlated with two HLA-A probes and 

with HLA-B, while SPP1 and PPARγ probes remained significantly negatively correlated to some 

or all of the HLA probes (Table 4). 

Table 4. Correlation between the NFkB pathway molecules and HLA Class I expression, after exclusion 
of one-third of the tumors with the highest infiltrate, based on CD8 expression (n = 43). r = two-tailed 
Spearman correlation coefficient. p ≤ 0.05 is considered significant. 

Markers 
HLA-A Probe 1 HLA-A Probe 2 HLA-A Probe 3 HLA-B 

r p r p r p r p 
NFkB1 0.292 0.06 0.255 0.10 0.139 0.37 0.269 0.08 
NFkB2, pr1 0.408  0.007 0.431   0.004 0.251 0.11          0.463   0.002 
NFkB2, pr2 0.212 0.17 0.257 0.10 0.113 0.47  0.281 0.07 
RELA 0.095 0.55 −0.067 0.67 −0.153 0.33 −0.012 0.94 
RELB 0.097 0.54 0.188 0.23 0.199 0.20          0.248 0.11 
SPP1, pr1 −0.238 0.12 −0.372 0.01 −0.196 0.21 −0.286 0.06 
SPP1, pr2 −0.289 0.06 −0.425 0.01 −0.245 0.11 −0.331 0.03 
PPARγ, pr1 −0.354 0.02 −0.431   0.004 −0.445   0.003 −0.320 0.04 
PPARγ, pr2 −0.341 0.03 −0.403   0.007 −0.421   0.005 −0.228 0.14 
IkBkG 0.001  1,0 −0.023 0.89 0.188 0.23          0.061 0.70 

Most of the associations also remained significant when we performed the same comparison 

after exclusion of one-third of the tumors with the highest number of macrophages (CD68) 

(Supplementary Table S2). 
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We subsequently compared the levels of expression of NFkB pathway molecules in BAP1-positive 

and -negative tumors, using the whole panel, as well as after exclusion of one-third of the tumors 

with the highest CD8 scores. BAP1-negative tumors still had higher levels of NFkB2 and IkBkG, 

while the negative correlations with SPP1 and PPARγ remained (Table 5). 

Table 5. Correlation between BAP1 staining as defined by immunohistochemical staining and NFkB 
pathway molecules expression in all tumors for which BAP1 staining was available (n = 55) and again 
after exclusion of one-third of the tumors with the highest infiltrate, based on CD8 expression (n = 37). 
One-Way ANOVA was used to calculate the means. p ≤ 0.05 is considered significant. 

Markers 
All Tumors (n = 55) Exclusion of High CD8 Tumors (n = 37) 

BAP1 +  
(Mean n = 25) 

BAP1 - 
(Mean n = 30) p 

BAP1 +  
(Mean n = 22) 

BAP1 -  
(Mean n = 15) p 

NFKB1 9.19 9.42  0.018 9.16 9.26 0.37 
NFKB2-pr1 6.98 7.19  0.001 6.98 7.16   0.014 
NFKB2-pr2 6.94 7.14  0.003 6.94 7.15 0.01 
RELA 7.13 7.05 0.12 7.14 7.09 0.47 
RELB 6.68 6.73 0.23 6.66 6.70                  0.48 
SPP1-pr1 10.97 8.56 <0.001 10.91 8.38  0.001 
SPP1-pr2 10.41 7.97 <0.001 10.34 7.84 <0.001 
PPARγ-pr1 8.15 7.25 <0.001 8.22 7.15  0.001 
PPARγ-pr2 7.00 6.51  0.001 7.03 6.46  0.003 
IkBkG 7.94 7.85  0.085 7.93 7.78  0.006 

 

3. Discussion 

We hypothesized that the inflammatory phenotype with an increased HLA Class I expression in 

UM is linked to the activation of the NFkB pathway. Therefore, we explored the expression of 

some of the most important components of the NFkB signalling pathway and investigated their 

association with HLA-A and HLA-B expression and with different types of infiltrating leukocytes. 

In accordance with previous studies, we noticed an association between upregulation of most of 

the factors involved in the NFkB pathway with inflammatory factors [33,34]. We found that 

NFkB1, NFkB2 and RELB expression were positively correlated with the expression levels of 

HLA-A and HLA-B, their regulators and their antigen-loading machinery, suggesting that these 

NFkB pathway molecules may be positive regulators of HLA-A and HLA-B transcription. It has 

been suggested that NFkB is responsible for the secretion of several proinflammatory cytokines 

and chemokines and thereby guarantees the attraction, activation, survival and differentiation of  
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immune cells [39] which might lead to the increase of HLA Class I expression in the tumor cells. 

Singh et al. [34], in a recent study, similarly observed that infiltration increases during progression 

of UM and that the canonical NFkB pathway is more active in high-risk inflamed UM. They did 

not report on the chromosome or BAP1 status of the tumors they studied. 

We observed that M3 tumors showed higher expression levels of NFkB1, NFkB2, and RELB. 

Similarly, BAP1-negative tumors showed higher levels of NFkB1 and NFkB2. We previously 

demonstrated that M3/loss of BAP1 is related to increased leukocytic infiltration [8, 9], and now 

show an association between BAP1 loss and upregulation of the NFkB pathway. As the link 

between the expression of the NFkB molecules and T cell infiltrate may also be caused by the 

expression of these molecules in the immune infiltrate itself, we repeated the analyses on the same 

set but now without one-third of the tumors, which based on the expression of CD8, were highly 

infiltrated with T cells. We again looked for associations between HLA and NFkB, and the genetic 

constitution. In this group, we similarly observed that the tumors with M3/loss of BAP1 had an 

increased NFkB and HLA Class I expression, indicating that the infiltrating leukocytes may 

enhance expression, but that the genetic basis determines expression in the first place. We also 

explored the presence of negative regulators of inflammation in UM: SPP1 and PPAR-γ. The 

SPP1/osteopontin protein is involved in different aspects of tumor biology such as cell survival 

and proliferation, invasion and metastasis, and is involved in neural crest development. Kadkol et 

al. [40] reported that the level of SPP1 expression was increased in the serum of patients with UM 

metastasis, and that tumors with looping high-risk vasculogenic mimicry patterns had increased 

expression of osteopontin. Another study [41] also looked at protein expression using a 

monoclonal antibody and did not observe a relation between expression and survival. In contrast 

to Kadkol and Simoes, we looked at mRNA and observed that decreased levels of SPP1 mRNA 

were associated with an unfavorable prognosis in UM. Onken et al. have similarly reported a 

decreased expression of SPP1 mRNA in high-risk UM [42]. It is of interest to further investigate 

the mechanism of SPP1 downregulation during UM progression to determine its function. 
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The upregulation of the NFkB pathway upon loss of one copy of chromosome 3 could possibly be 

explained by the fact that the PPAR-γ gene is located on chromosome 3. The PPAR-γ protein is a 

negative regulator of the NFkB pathway, so it has been hypothesized that loss of chromosome 3 

leads to insufficient inactivation of NFkB by PPAR-γ [43]. In our study, SPP1 and PPAR-γ 

expression were negatively correlated to T lymphocyte and macrophage markers. As expected, we 

found a positive correlation between the expression of these two factors with BAP1 expression. 

We previously observed [35] that a high expression of HLA-A, HLA-B, B2M, TAP1, IRF1 and 

IRF8 was related to an increase in the presence of T cells. Van Essen and colleagues compared the 

expression levels of these genes in primary tumors with their corresponding xenograft in immune-

deficient mice, in which, of course, no human leukocytes are present. They showed that the 

expression of HLA-A, HLA-B, B2M, TAP1, TAP2, IRF1, IRF8, CIITA and NLRC5 were all 

down-regulated in xenografts compared to the primary tumors, suggesting that the increased 

expression depended on the presence of infiltrate. Cytokines potentially involved in the 

upregulation of these genes were interferon-gamma and CCL2. In the current study, we observed 

a correlation between the expression of the HLA and HLA-associated genes, the presence of 

infiltrating immune cells, and the NFkB pathway, but we also see this correlation in tumors without 

inflammation. From this, we conclude that the genetic basis of the tumor, i.e., Monosomy 3 with 

BAP1 loss, determines the primary upregulation of the NFkB pathway, which leads to an increase 

in HLA Class I expression in the tumor cells and production of cytokines and chemokines, which 

then attracts immune cells, further upregulating expression of HLA Class I. These data indicate 

that absence of the deubiquitinating function of BAP1 allows the NFkB pathway to be active, 

potentially by affecting the regulators of NFkB directly (Figure 4). 

These findings imply that BAP1 (UCHL2) might have a similar function in UM as observed for 

UCHL1 in Human papilloma virus (HPV)-infected keratinocytes. UCHL1 and UCHL2 are both 

ubiquitin hydrolase enzymes which belong to the ubiquitin hydrolase family [44]. HPV-infected 

keratinocytes produce increased levels of the ubiquitin protease UCHL1, which reduces tumor 

necrosis factor receptor-associated factor 3 (TRAF3) K63 poly-ubiquitination, resulting in the 

suppression of the production of interferon and other pro-inflammatory cytokines [45].  
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Higher UCHL1 expression also resulted in increased degradation of an essential NFkB modulator, 

IkBkG. In this manner, canonical NFkB signalling was reduced, thereby suppressing a potential 

anti-viral immune response. HPV-infected keratinocytes with a high UCHL1 expression showed 

greatly decreased HLA-A and -B levels [46]. The virus uses UCHL1 to escape from the immune 

system, while in UM, the presence of an inflammatory infiltrate helps to produce blood vessels 

[9]. 

Taken together, our data suggest that the main regulator of the NFkB pathway in uveal melanoma 

is loss of chromosome 3 and BAP1: loss of chromosome 3/loss of BAP1 expression correlates 

with upregulation of the NFkB pathway and affects the activity of the NFkB pathway in UM 

tumors, which leads to upregulation of HLA Class I expression and attraction of infiltrating cells 

to the tumor environment which is a well-known factor in the development of metastasis in this 

disease. 

a 

b 

Figure 4. Schematic illustration of the potential role of BAP1 protein in (a) Canonical and (b) non-
Canonical NFkB pathway. We propose that BAP1, as a deubiquitinating enzyme, inhibits NFkB activity. 



Chapter 3

78

 

 

4. Materials and Methods 

4.1. Study Population 

Tumor tissues were obtained from 64 enucleated eyes that underwent an enucleation for UM 

between 1999 and 2008 at the Leiden University Medical Center (LUMC) in Leiden, The 

Netherlands. In our cohort of 64 patients, 51% were male and 49% were female (see Table 6 for 

patient and tumor characteristics of this cohort). The mean age at the time of enucleation was 61 

years. The mean follow-up time (defined as the time period between enucleation and death) was 

77 months (range 2 to 196 months). At the end of follow-up in 2018, 58% of patients had died 

because of UM metastasis, 10% because of other causes, 5% due to an unknown cause and 28% 

were still alive. 

The collection of materials and the research protocol is compliant with the tenets of the Declaration 

��� ��������� ������� �������� ������������ ��� ������������ ����;� �������� ����������� ���� ��������

research involving human subjects). Tumor material was handled in accordance with the Dutch 

National Ethical Guidelines (‘Code for Proper Secondary Use of Human Tissue’). 

The Medisch Ethische Toetsingscommissie (METC) declared that it did not object to performing 

this study (19/10/2016, code G16.076/NV/gk). 
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Table 6. Characteristics of the cohort of uveal melanoma (UM) patients enucleated in the LUMC between 
1999 and 2008 (n = 64).  

Number of 
Cases or Mean 

% of Cases 
or SD 

Gender Male 33 51% 
Female 31 49% 

Age at enucleation (in years) 61 ±15.7 

Cell type Spindle 22 33% 
Mixed/epithelioid 41 62% 

Ciliary body involvement No 40 61% 
Yes 24 36% 

Chromosome 3 status Disomy 24 46% 
Monosomy 40 61% 

BAP1 Staining 
Positive 25 46% 

Negative 30 55% 
Unknown 9 16% 

GNA11 mutation No 31 48% 
Yes 33 52% 

GNAQ mutation No 36 56% 
Yes 28 44% 

Chromosome 6p gain No 43 65% 
Yes 21 32% 

Chromosome 8q gain No 19 29% 
Yes 45 68% 

Metastasis No 27 42% 
Yes 37 58% 

Follow-up time (in months) 77 ±55 

Vital status 

Dead due to UM metastasis 37 58% 
Dead due to other causes 6 10% 
Cause of death unknown 3   5% 

Alive at last follow-up date 18   28% 

4.2. Immunohistochemistry and Immunofluorescence 

Immunohistochemical staining was previously performed for HLA-A, HLA-B and BAP1. Mouse 

monoclonal antibodies HCA2 (staining HLA-A heavy chains) and HC10 (staining HLA-B/C) 

(produced by the Netherlands Cancer institute, Amsterdam, The Netherlands), were used [36]. 

Tumors were divided into BAP1-positive or -negative based on nuclear staining [47]. An example 

of positive and negative staining is shown in van Essen et al. [48]. Briefly, tissues were incubated 

with mouse monoclonal antibody against human BAP1 (clone sc-28383, 1:50 dilution, Santa Cruz 

Biotechnology, Dallas, TX, USA). Tumor cells positive for each marker were counted at 100X 

magnification and were shown as a percentage of the total number of the tumor cells. 
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Immunofluorescence staining was performed for T cell and macrophage markers as described 

[9,38] with anti-���� ������;� ������� ����������� ���� ������ ����-���� ������� �����;�

Novocastra Valkenswaard, The ������������������-������������;���������������������������

anti-������ ������� ����;����������������������-upon-����������������������� ���������� ���

����������������������������������������������������������������������������������������������

correlations bet���������������������������������������������������������� 

������������������������ 

��������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������

���������������������������������������������������������-wide micro-array of single nucleotide 

��������������������������������������������������������������������������������� 

�������������������� 

��������������������������������������������� ���� ���������������������� ����������� ����������

����������������������������������������������������������� ���������������������������

RELA, RELB, SPP1, PPARγ, IKBKG), HLA genes and its regulators (HLA-������-����������

������� ������ ������ ������������������-l��������������������������� ���������������������

���� ��������������� ��� ���������� ����������� ������ ��������� ������ �������� ���� ���������� ���

����������������������� 

������������������������� 

�������������������������������������������������������������� �������������������������������

����������������������������������������������������������������������������������������������

One-���������������������������������������������������������������������������������������

���������������������������������������erroni correction was applied for multiple testing and after 

correction, all p ����������������������������������������������–���������������������������

compare non-���������������������–����������������������������������������������������������

used for th������������������������ 
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5. Conclusions 

This study evaluated the association between HLA Class I expression, essential components of the 

NFkB signalling pathway and genetic evolution in UM. Loss of chromosome 3/loss of nuclear 

BAP1 protein in UM is associated with upregulation of the main components of the NFkB pathway 

(NFkB1-NFkB2 and RELB) and downregulation of two negative regulators of this pathway (SPP1 

and PPARγ). It seems that under normal conditions, BAP1 helps to keep the uveal pigment cells 

immunologically quiet, but that during evolution of a UM, loss of BAP1 expression results in lack 

of suppression of the NFkB pathway and subsequent inflammation. Functional studies will show 

how BAP1 molecularly targets the NFkB pathway. 
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Supplementary Materials 

The following are available online at https://www.mdpi.com/2072-6694/11/8/1102/s1, Table S1: 

Correlation between different probes obtained with an Illumina gene expression array with 

������������������������������������������������������;������������������������������������

���������������������������������������������������������������������������������������������

����������� ������������ ��� ������������������������������ ��������;����������� ���������������

number of factors which have been used in this study. 

Table S1. Correlation between different probes obtained with an Illumina gene expression array with 
�������������������������������������������������������������

����������������������������������������������������������������������������������������������������������
one������������������������������������������������������������������������������������������������

HLA-A Probe 1 HLA-A Probe 2 HLA-A Probe 3 HLA-B 
r p r p r p r p 

NFkB1 0.477 0.001 0.372 0.014 0.345 0.024 0.446 0.003 
NFkB2, pr1 0.466 0.002 0.393 0.009 0.297 0.053 0.426 0.004 
NFkB2, pr2 0.159 0.309 0.140 0.371 0.072 0.648 0.178 0.253 
RELA −0.014 0.931 −0.150 0.339 −0.245 0.113 −0.133 0.397
RELB 0.112 0.473 0.182 0.242 0.259 0.093 0.207 0.182 
SPP1, pr1 −0.393 0.009 −0.472 0.001 −0.366 0.016 −0.419 0.005
SPP1, pr2 −0.415 0.006 −0.483 0.001 −0.381 0.012 −0.429 0.004
PPARγ, pr1 −0.305 0.046 −0.398 0.008 −0.344 0.024 −0.268 0.082
PPARγ, pr2 −0.311 0.042 −0.386 0.011 −0.324 0.034 −0.211 0.174
IkBkG 0.091 0.563 0.056 0.720 0.182 0.242 0.159 0.307 

Gene-expression (Illumina) 
mAb HCA2 (HLA-A) mAb HC10 (HLA-B) 

r p r p 
HLA-A probe 1 ◊ 0.619 <0.001 
HLA-A probe 2 ◊ 0.459 0.014 
HLA-A probe 3 0.055 0.781 
HLA-A probe 4 ◊ 0.327 0.089 
HLA-B probe ◊ 0.601 0.001 
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Table S3. Illumina probe number of factors which have been used in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gene-Expression (Illumina) 
 Probe Number 

HLA-A probe 1 ILMN_1671054 
HLA-A probe 2 ILMN_2203950 
HLA-A probe 3 ILMN_2186806 
HLAB  ILMN_1778401 
CD3E  ILMN_1739794 
CD3D  ILMN_2261416 
CD4  ILMN_1727284 
CD8-A  ILMN_1768482 
CD163  ILMN_1733270 
NFkB1  ILMN_1714965 
NFkB2 probe 1 ILMN_1799062 
NFkB2 probe 2 ILMN_2390859 
RELA  ILMN_1705266 
RELB  ILMN_1811258 
SPP1 probe 1 ILMN_1651354 
SPP1 probe 2 ILMN_2374449 
PPARγ probe 1 ILMN_1800225 
PPARγ probe 2 ILMN_2364384 
IkBkG  ILMN_1707308 
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Simple Summary 

Chemotherapy and immunotherapy are both used to treat malignancies. The immunotherapy of 

cancer often involves T cells, which recognise the antigens presented in HLA molecules. Uveal 

melanoma (UM) is an intraocular malignancy, which often gives rise to metastases. We determined 

whether high-risk tumours expressed the target of two drugs, histone deacetylase (HDAC) 

inhibitor Quisinostat and Tazemetostat, an inhibitor of Enhancer of zeste homologue 2 (EZH2). 

We observed that especially high-risk UM tumours (monosomy 3, gain of 8q, loss of BAP1) 

expressed several HDACs, and showed a high HLA Class I expression. We further tested whether 

these drugs influenced HLA Class I expression on three UM cell lines. The drug Quisinostat led 

to an upregulation of HLA protein and mRNA levels in three UM cell lines, while Tazemetostat 

had little effect. We concluded that the use of drugs that influence epigenetic regulators may impact 

immunotherapy approaches. 

 

Abstract 

The treatment of uveal melanoma (UM) metastases or adjuvant treatment may imply 

immunological approaches or chemotherapy. It is to date unknown how epigenetic modifiers affect 

the expression of immunologically relevant targets, such as the HLA Class I antigens, in UM.  

We investigated the expression of HDACs and the histone methyl transferase EZH2 in a set of 64 

UMs, using an Illumina HT12V4 array, and determined whether a histone deacetylase (HDAC) 

inhibitor and EZH2 inhibitor modified the expression of HLA Class I on three UM cell lines. 

Several HDACs (HDAC1, HDAC3, HDAC4, and HDAC8) showed an increased expression in 

high-risk UM, and were correlated with an increased HLA expression. HDAC11 had the opposite 

expression pattern. While in vitro tests showed that Tazemetostat did not influence cell growth, 

Quisinostat decreased cell survival. In the three tested cell lines, Quisinostat increased HLA Class 

I expression at the protein and mRNA level, while Tazemetostat did not have an effect on the cell 

surface HLA Class I levels.  
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Combination therapy mostly followed the Quisinostat results. Our findings indicate that epigenetic 

drugs (in this case an HDAC inhibitor) may influence the expression of immunologically relevant 

cell surface molecules in UM, demonstrating that these drugs potentially influence 

immunotherapy. 

Keywords: Eye diseases, Uveal Melanoma, Oncology, HLA, HDAC, Immunology, Inflammation 

1. Introduction

Uveal melanoma (UM) is a rare malignancy of the eye, estimated to occur in 6–7 cases per million 

per year in northern Europe and the United States of America [1,2]. The risk of developing 

metastases is around 50% [3]. The tumour arises from the uveal tract, which involves the choroid, 

ciliary body, and the iris [4]. In spite of the immunologically privileged nature of the eye, high-

risk UM may show inflammation, and the presence of an inflammatory phenotype is related to a 

bad prognosis [5,6,7]. This inflammatory phenotype is characterised by the presence of high 

numbers of lymphocytes and macrophages, and a high HLA Class I and II expression [7,8,9,10]. 

All of these are related to the loss of one chromosome 3, a well-known risk factor for the 

development of metastases in this malignancy. 

A high HLA Class I surface expression may protect UM cells from killing by natural killer cells 

(NK), and as metastases in this disease occur hematogenously, where NK cells help to remove 

tumour cells, a high HLA expression may help tumour cells to escape destruction [11,12,13]. On 

the other hand, the loss of HLA Class I expression has been identified as a tumour-escape 

mechanism in for instance cutaneous melanoma [14]. Both genetic and epigenetic events have 

been identified as regulators of HLA Class I and II expression [15], which is also the case in UM 

[16,17]. A study from our lab showed that one epigenetic regulator, EZH2, part of the Polycomb 

Repressive Complex 2 (PRC2), was found to influence HLA Class II expression in UM through 

the histone methylation of promoter IV of CIITA [18]. In other malignancies, members of the 

histone deacetylase (HDAC) family were identified as HLA regulators [19- 22]. 

As HDACs are aberrantly expressed in UM [23], targeting these epigenetic regulators is 

considered for treatment [24]. In addition, the use of such inhibitors as adjuvant therapy in UM is 

being investigated [25, 26]. A trial for the treatment of UM metastases has been set up [27], in  
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which an immune checkpoint inhibitor (Pembrolizumab) is combined with the HDAC inhibitor 

Entinostat, under the hypothesis that the inhibition of HDACs may lead to an enhanced expression 

of HLA and cancer antigens, and a decreased activity of myeloid-derived suppressor cells. While 

this may help T cell-mediated immunotherapy, it may negatively affect NK cell-mediated lysis. 

We set out to investigate the effect of two clinically relevant inhibitors of epigenetic modifiers, 

Quisinostat, an HDAC inhibitor, and Tazemetostat, an EZH2 inhibitor, on the expression of HLA 

Class I molecules on UM cell lines. We first determined the expression of HDACs, EZH2, as well 

as HLA expression in a set of 64 UMs. 

2. Results

2.1. HDAC and EZH2 Expression in UM, Association with High Risk 

Inhibitors of HDACs may be used as adjuvant treatment in combination with immune checkpoint 

����������;������������������������������������������������������������������������������������

Class I give rise to metastases, we wondered whether these high-risk tumours would express 

HDACs. We studied the mRNA expression of HDACs in a panel of 64 primary UMs, and 

compared their expression with the tumour’s chromosome 3, chromosome 8q and BAP1 status, 

which are indicators of a high risk of metastases formation (Figure 1A–C). 
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Figure 1. The expression of histone deacetylases (HDACs) in uveal melanoma in relation to the tumour’s 
chromosome 3, chromosome 8q and BAP1 status. The expression of several HDACs and EZH2 was 
compared between tumours with (A) disomy for chromosome 3 (D3, n = 24) and a monosomy of 
�������������������������;��������������������������������������������;��������������������������������
����������������������������������������������������������������������–Whitney U test was applied. 
Horizontal bars indicate mean gene expression. 
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Expression of HDAC1 (p = 0.02), HDAC3 (p = 0.04), HDAC4 (p = 0.001), as well as HDAC8  

(p < 0.001) was significantly higher in M3 tumours compared to D3 tumours. In contrast, HDAC11 

had a significantly lower expression in high-risk M3 tumours (p < 0.001). With regard to both 

HDAC5 as well as HDAC7 expression, we found significant differences between D3 vs. M3 

tumours for only one of the two probes that had been used (HDAC5 probe 1 p = 0.90, HDAC5 

probe 2 p = 0.004, HDAC7 probe 1 p = 0.30, HDAC7 probe 2 p = 0.02). 

The patterns for chromosome 8q gain (Figure 1B) and BAP1 expression (Figure 1C) resembled 

those of chromosome 3. HDAC1 (p = 0.05), HDAC3 (p = 0.02), the second probe of HDAC5 (p 

= 0.04) and of HDAC7 (p = 0.03), and HDAC8 (p = 0.004), were increased in tumours with 8q 

gain, while HDAC11 was decreased (p = 0.002). The loss of BAP1 expression as assessed by 

immunohistology was associated with an increase in HDAC4 (p = 0.003), the second probe of 

HDAC5 (p = 0.03) and HDAC7 (p = 0.02) and a decrease in HDAC11 (p < 0.001). 

We also looked at EZH2, which is known to be higher in UM with a high mitotic count [28]. 

However, the EZH2 expression was not correlated with chromosome 3 or 8q status, or BAP1 status 

(p = 0.24, p = 0.06, p = 0.24). 

2.2. Association between HDAC and EZH2 Expression and HLA Class I in UM 

As high-risk tumours are known to have a higher HLA Class I expression than low risk tumours, 

we hypothesised that the expression of HLA Class I and M3-associated HDACs would be 

correlated. We tested this for all HDACs and EZH2 in our set of 64 tumours. 

Expression of HDAC1, HDAC4, and HDAC8 was convincingly positively correlated with HLA-

A and/or HLA-B (Table 1). The two HDAC7 probes showed diverging results, with the M3-

associated probe being positively correlated with one HLA-A probe and with the HLA-B probe. 

The HDAC11 expression showed a significant negative correlation with HLA-A and -B expression 

(all p s < 0.001). These data indicate that the expression levels of three of the four HDACs, which 

are upregulated in M3 tumours, correlate with a high HLA-A and -B expression. HDAC11 shows 

the opposite pattern. No significant correlation was seen between the EZH2 and HLA Class I 

expression in this set of 64 tumours. 
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Table 1. Correlation between mRNA expression levels (determined by Illumina array) of different HDACs 
and EZH2 and the expression of HLA-A (three probes) and HLA-B. R = two-tailed Spearman correlation 
coefficient. Following Bonferroni correction, p ≤ 0.005 is considered significant, and indicated in bold. 

HLA-A probe 1 HLA-A probe 2 HLA-A probe 3 HLA-B 
R p R p R p R p 

HDAC1 0.367 0.003 0.392 0.001 0.380 0.002 0.370 0.003 
HDAC2 −0.144 0.26 −0.167 0.19 −0.108 0.40 −0.162 0.20 
HDAC3 0.262 0.04 0.241 0.05 0.293 0.02 0.318 0.01 
HDAC4 0.143 0.26 0.371 0.003 0.354 0.004 0.305 0.01 
HDAC5 probe 1 0.029 0.82 0.090 0.48 0.018 0.88 −0.045 0.72 
HDAC5 probe 2 0.091 0.47 0.231 0.07 0.096 0.45 0.151 0.23 
HDAC6 −0.179 0.16 −0.136 0.28 −0.284 0.02 −0.196 0.12 
HDAC7 probe 1 −0.020 0.87 0.010 0.94 −0.014 0.91 0.108 0.39 
HDAC7 probe 2 0.225 0.07 0.382 0.002 0.263 0.04 0.352 0.004 
HDAC8 0.456 <0.001 0.588 <0.001 0.539 <0.001 0.550 <0.001 
HDAC9 −0.066 0.60 −0.091 0.48 −0.209 0.01 −0.190 0.13 
HDAC11 −0.541 <0.001 −0.548 <0.001 −0.515 <0.001 −0.607 <0.001 
EZH2 0.211 0.09 0.214 0.09 0.226 0.07 0.146 0.25 

2.3. In Vitro Analysis of Effect of HDAC and EZH2 Inhibition on UM Cell Lines 

As mentioned earlier, high-risk M3 UMs contain more infiltrating cells, which also express HLA 

antigens. The correlation between the expression of certain genes and high-risk tumours is, 

therefore, difficult to interpret, as it cannot be excluded that the increased levels of, e.g., HLA 

Class I and certain HDACs, is caused to a significant extent by the increased number of infiltrating 

cells and not so much by the UM tumour cells themselves. 

To be able to investigate an effect of HDAC activity on HLA Class I expression, we made use of 

the pan-HDAC inhibitor Quisinostat and treated the UM cell lines in vitro. 

Recent studies have shown that HDAC inhibitors are able to reduce growth in UM cell lines 

[29,30], but to our knowledge, no one has reported on the effect of epigenetic enzyme inhibition 

on the expression of immune modulators, such as HLA Class I, in UMs. We also used an EZH2 

inhibitor, Tazemetostat, and studied the effect of combination therapy. 
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2.3.1. Morphological Analysis of UM Cell Lines after 48h Treatment with Quisinostat and 

Tazemetostat 

First of all, we looked at the morphological characteristics of the cell lines after 48h treatment with 

Quisinostat and Tazemetostat compared with untreated cell lines (Figure 2). In the presence of 

Quisinostat (Q, 40 nM), at 48h, the cell sizes of all three cell lines was reduced and more floating 

����������������������������������������������������������������������������������������������������

morphology or confluency were observed compared to the controls. Cells which were treated with 

����������������� ���� ���������� ������������������changed morphologically and resembled 

Quisinostat single treatment: plates with OMM2.5 and MP38 seemed to have fewer cells than 

when treated with Quisinostat alone. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Photographs of uveal melanoma cell lines taken after 48h exposure to Quisinostat (Q) and/or 
Tazemetostat (T): the photographs (magnification 100×) show fewer and more rounded cells after 
incubation with 40 nM Q and after combination treatment. (A) = cell line OMM1, (B) = cell line OMM2.5, 
(C) = cell line MP38. C: control;���������������������;���������������������;��������������������������
���������������������������������� 
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2.3.2. Quisinostat and Cell Growth 

A quantitative analysis of cell numbers after 24 and 48h using the Cell Titer-Blue Cell Viability 

Assay (Figure 3) confirmed these findings: Quisinostat reduced the cell numbers of OMM2.5 and 

MP38 cells after 24h (p = 0.01, p = 0.03), and of all three cell lines after 48h (p < 0.001, p = 0.002, 

p < 0.001). Tazemetostat by itself did not influence cell numbers. However, at 48h, the 

combination of both drugs (QT) decreased cell numbers significantly in two cell lines (OMM1 and 

MP38) compared to the Q treatment alone (p < 0.001 for both). 
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Figure 3. Cell numbers of three uveal melanoma cell lines after 48 h of treatment with Quisinostat or 
Tazemetostat of uveal melanoma cell lines. Cell density was determined using a cell titer blue assay. C: 
�������;���������������������;���������������������;�����������������������������������������������
Tazemetostat. * p ≤ 0.05, ** p < 0.01, *** p < 0.001. Error bars indicate the standard error of the mean. 

2.3.3. Effect of Quisinostat and Tazemetostat on HLA Class I Cell Surface Expression 

We investigated the effect of Quisinostat and Tazemetostat on HLA Class I surface expression of 

the UM cell lines by flow cytometry after 48h treatment. The three cell lines (OMM1, OMM2.5, 

and MP38) expressed HLA Class I, as determined using monoclonal antibody W6/32 (Figure 4A–

C, controls). Quisinostat increased HLA Class I surface expression in all three cell lines (p < 0.01). 

Tazemetostat, on the other hand, did not affect the HLA Class I surface expression in the cell lines, 
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while the combination treatment resulted in a significant increase compared to Quisinostat alone 

in OMM2.5 and MP38 (p = 0.003 and p = 0.004). 

2.3.4. Effect of Quisinostat and Tazemetostat on HLA Class I mRNA Expression by qPCR 

We investigated the level of HLA Class I mRNA by qPCR after 48h of treatment with Quisinostat 

and/or Tazemetostat. HLA-A and HLA-B expressions were determined separately (Figure 4D–F 

and Figure 4G–I). In agreement with what we found regarding broad HLA Class I cell surface 

expression, Quisinostat increased HLA-A in all three cell lines (p < 0.01). Tazemetostat gave a 

slight increase in cell line OMM2.5, while in all three cell lines, combined treatment led to a lower 

expression than with Quisinostat alone. With regard to HLA-B, Quisinostat led to a higher 

expression in all three cell lines, while Tazemetostat by itself gave a significant but slight increase 

in MP38. The combination of the two drugs led to a high expression on all three cell lines, with 

divergent results when compared to Quisinostat alone. 

3. Discussion 

HDACs are a group of epigenetic regulators which have been shown to regulate inflammation in 

some malignancies [31,32]. Moreover, elevated HDAC expression has been associated with other 

inflammation-related diseases such as chronic hepatitis B [33] and rheumatoid arthritis (RA) [34]. 

To our knowledge, the relationship between the expression of these epigenetic regulators and the 

inflammatory phenotype in UM has not been investigated. As combinations of chemotherapy and 

immunotherapy are being used as adjuvant treatments and to treat metastases in e.g., cutaneous 

melanoma, we investigated the expression of several epigenetic regulators and their potential 

involvement in the regulation of HLA Class I, a molecule which plays an important role in immune 

responses, in UM. 

In a set of 64 UMs, the expression of HDACs 1, 4, and 8 was positively correlated with the 

expression of HLA Class I. Using malignant cell lines such as from colorectal carcinoma, e.g., 

HDAC1 has been shown to be related to inflammation, by inducing STAT1 activation and the 

transcription of downstream targets of the IFN-Ƴ signalling pathway [35, 36]; such targets include 

HLA Class I components. In addition, we show that particularly HDAC1, 3, 4, and 8 are expressed 

at higher levels in high-risk UM. 
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We tested the effects of two drugs, Quisinostat and Tazemetostat. The pan-HDAC inhibitor 

Quisinostat has been shown to effectively reduce UM cell viability in vitro [29, 37], and is 

currently being tested in clinical studies of advanced solid tumours and leukaemia [38]. Growth 

inhibition was accomplished by the induction of cell cycle arrest and apoptosis in other cancers 

such as lung cancer [39], and hepatocellular carcinoma [40]. Tazemetostat is a drug known to 

inhibit EZH2 and has been shown to reduce growth in medulloblastoma [41], B-cell non-Hodgkin 

lymphoma and epithelioid sarcoma [42]. When we applied the pan-HDAC inhibitor Quisinostat to 

UM cell lines, HLA Class I cell surface and mRNA expression increased, while the effect of 

Tazemetostat was marginal. As Quisinostat is a pan-HDAC inhibitor [30], the effect is likely due 

to the inhibition of deacetylation. Indeed, we have previously shown that treatment with 

Quisinostat strongly increased the level of acetylated Histone 3 [29]. In general, higher acetylation 

coincides with less chromatin compactness, higher promoter activity and increased gene 

transcription. We have no evidence that the effect of HDAC inhibition on HLA Class I gene 

transcription is caused by a direct effect on the chromatin modification around the Class I 

promoters. However, our results are generally in agreement with studies in other malignancies 

describing that HDAC inhibition will upregulate HLA Class I and some HLA regulatory 

components [19,20,21,22,43]. Whether increasing HLA expression in UM is helping the patient 

may depend on the situation: it may help to stimulate T cell-mediated cytotoxicity against 

����������;�������������n the primary UM is still in place, increasing HLA expression may limit 

the NK cell activity directed against metastatic cells which spread hematogeneously. 

HDAC11 expression was significantly lower in high-risk tumours (Figure 1A–C). In 2014, Herlihy 

and colleagues already showed a low expression of HDAC11 in a small series of M3 UMs [23]. 

The gene of this HDAC is located on chromosome 3, and the loss of chromosome 3 in high-risk 

UMs most likely explains these findings. However, it does not necessarily mean that low HDAC11 

expression has no causal relationship with an increased risk of the development of metastases. 

Although most studies on the function of HDAC11 suggest an oncogenic role, as in breast cancer 

the downregulation of HDAC11 provided the cells with an increased ability to invade from the 

lymph nodes to other organs [44]. It is therefore possible that the low HDAC11 expression may 

help the hematogenous spread to the liver. 
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In UMs, EZH2 plays a major role in silencing promoters and inhibiting transcription [18] and is 

associated with a high mitotic count [28]. Although this enzyme represses CIITA transcription by 

the K27m3 of histone 3, thereby silencing HLA Class II expression, we observed a high expression 

of EZH2 in high-risk M3 tumours, without any association to HLA Class I expression. EZH2 

inhibition with Tazemetostat did not have an effect on the cell surface expression of HLA Class I, 

while we observed a slight increase in HLA-A mRNA in OMM2.5 and HLA-B mRNA in cell line 

MP38. The combination with Quisinostat led to results that varied between cell lines and HLA 

allele. 

A Phase 1 trial is planned to use the HDAC 1, 2, and 3 inhibitor Domatinostat together with 

immune checkpoint inhibitors as the neo-adjuvant treatment of cutaneous melanoma patients with 

lymph node metastases (ClinicalTrials.gov NCT-4133048). This trial is set up under the 

assumption that the HDAC inhibitor will stimulate the interferon pathway, making the tumour 

“hot”. Such tumours may contribute to a good induction of cytotoxic T cells. As already mentioned 

earlier, high-risk UMs already have a high HLA expression, and it is unclear whether the same 

approach will help to treat the metastases of UMs. While HLA expression is important for tumour 

cell killing by T cells, a high expression blocks recognition by NK cells. Furthermore, the 

expression of other cell surface molecules such as checkpoint inhibitors may also be modified by 

blocking epigenetic regulators. 

4. Materials and Methods 

4.1. Study Population 

Tumours were derived from 64 eyes that underwent an enucleation for UMs between 1999 and 

�������� ������������������������������������� �������������������������������;�������� ����

������������������������������������������������������������������������������as 61 years. 

This work has been carried out in accordance with the Code of Ethics of the World Medical 

Association (Declaration of Helsinki). The project was approved by the LUMC Biobank 

committee and the LUMC METC committee (19 October 2016, code G16.076/NV/gk). 
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4.2. Chromosome Analysis 

DNA was isolated using the QIAmp DNA Mini kit (Qiagen, Venlo, The Netherlands). Single-

nucleotide polymorphism (SNP) analysis was performed using an Affymetrix 250K_NSP or 

Affymetrix SNP 6.0 array to detect chromosome 3 and 8 abnormalities [45]. 

4.3. Immunohistochemistry 

Tissues were incubated with mouse monoclonal antibody (clone sc-28383, 1:50 dilution, Santa 

Cruz Biotechnology, Dallas, TX, USA) for BAP1 evaluation [46,47]. Nuclear staining was 

evaluated by an experienced ocular pathologist. 

4.4. Tumour Gene Expression 

Gene expression profiling was performed with the Illumina HT12v4 array (Illumina, Inc., San 

Diego, CA, USA) and the data were obtained for the expression of epigenetic regulators (HDAC1, 

HDAC2, HDAC3, HDAC4, HDAC5, HDAC6, HDAC7, HDAC8, HDAC9, HDAC11, EZH2) and 

HLA Class I genes (HLA-A, HLA-B) as described previously [16]. Information regarding the 

Illumina probe numbers and gene expression levels is shown in Table S1. 

4.5. Reagents 

Quisinostat and Tazemetostat were purchased from Selleckchem (Houston, TX, USA). Drugs were 

dissolved in dimethyl sulfoxide (DMSO) to reach a stock concentration of 5 mM and diluted in 

the indicated fresh medium for in vitro studies. 

4.6. Cell Lines and Cell Culture 

The OMM1 cell line was established by Dr G.P.M. Luyten (LUMC, Leiden, The Netherlands) 

[48], while OMM2.5 was a gift from Dr B.R. Ksander (Schepens Eye Research Institute, Boston, 

MA, USA) [49]. Both were cultured in Roswell Park Memorial Institute Medium 1640 (RPMI) 

Dutch modified media (Life technologies, Europe bv, Bleiswijk, The Netherlands) supplemented 

with 10% foetal bovine serum (FBS) (Greiner Bio-one, Alphen aan den Rijn, The Netherlands), 

1% GlutaMAX and 1% penicillin/streptomycin (Life technologies). MP38 was kindly provided by 

the Curie Institute, Paris, France [50] and cultured in Iscove’s modified Dulbecco medium  
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(IMDM) (Life Technologies) containing 20% FBS (Greiner Bio-one) and 1% 

penicillin/streptomycin (Gibco). Cells were incubated in 5% CO2 at 37 °C in monolayers in tissue 

culture flasks in a humidified incubator 

4.7. Cell Proliferation Study 

�����������������������������������������������������������;����������������������������������������

10× concentrated drug in media was added to each well. Cell viability was determined by the Cell 

�������������������������������������������������������������������������������������������������

����� �������� ���������� ����������� ���� ����� ���� ������ ��� ����� ����� ���� ������ ��� �����

�����������������������������������������������������������������������������������������������

4.8. Flow Cytometry 

Cells were incubated with an optimal dilution of mouse monoclonal anti-HLA Class I antibody 

�������������������������������;�����������������������������������������������������������

�����������������–����������������������������������������������������������������������������

������� ��������;� �������� ����� ��������� ������ ��������� ��������� ������������������ ������

���������������������������������������������

�������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

������������� ������ ������������ ���� �������������� �������������� ����� ���� �������������

������������� ���������� ����������� ������ ��������� ����������� ���������� ��� ������ ������������

������������������ �������������������������� ������������������� ���������������� �������� ����

����������������������������������������������������������������������������������������������

������ ��� �������������� ����������� �������� ���� ��������������� ��� ������������� �������������

����������������������������������������������������������������������������������������

Table S2. 
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4.10. Statistical Analysis 

Data were analysed with SPSS software version 22.0 (SPSS, nc. Chicago, IL, USA). Spearman 

correlation was performed in order to test correlations between non-parametric data. Bonferroni 

correction was applied for multiple testing, where appropriate. The Mann–Whitney U test was 

used to compare non-normal groups. Graphs were obtained using GraphPad Prism version 5.0 for 

Windows (GraphPad Software, La Jolla, CA, USA). An independent t-test was used to compare 

the difference between the means of the in vitro studies. 

5. Conclusions 

To the best of our knowledge, this is the first study which reports the association between HDAC 

epigenetic regulators and HLA Class I expression in UMs. We showed that high-risk UMs not 

only show a higher expression of HLA Class I antigens but also of several HDACs. The pan-

HDAC inhibitor Quisinostat increases HLA Class I expression at the protein and mRNA level 

while EZH2 inhibition by Tazemetostat has a slight effect on HLA expression. As epigenetic anti-

cancer drugs may influence the expression of immunologically relevant molecules such as HLA 

in UMs, they may influence the function of T cells and NK cells, and thereby the effect of 

immunotherapy. 
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Supplementary Materials 

The following are available online at https://www.mdpi.com/2072-6694/12/12/3690/s1, Table S1: 

Gene expression (Illumina) Probe Number in an Illumina HT12v4 array and mean expression of 

����������������������������;������������������������������������������������������� 

Table S1. Geneexpression (Illumina) Probe Numberin an Illumina HT12v4 array and mean expression ofthe 

genes used in thisstudy. 

 
Gene of interest 

 
Illumina probe number 

 
Mean expression± SD 

 
HLA­A probe 1 

 
ILMN_1671054 

 
11.40 ± 0.90 

HLA­A probe 2  ILMN_2203950 13.84 ± 0.77 
HLA­A probe 3  ILMN_2186806 10.71 ± 1.45 
HLA­B  ILMN_1778401 11.33 ± 1.67 
HDAC1  ILMN_1727458 10.18 ± 0.45 
HDAC2  ILMN_1767747   9.28 ± 0.48 
HDAC3  ILMN_1772455   8.49 ± 0.20 
HDAC4  ILMN_1764396   7.57 ± 0.39 
HDAC5 probe 1  ILMN_2388166   6.52 ± 0.10 
HDAC5 probe 2  ILMN_1810856   6.63 ± 0.13 
HDAC6  ILMN_1798546   7.94 ± 0.26 
HDAC7 probe 1  ILMN_3266186   6.86 ± 0.20 
HDAC7 probe 2  ILMN_1728521   6.89 ± 0.21 
HDAC8  ILMN_1651544   6.85 ± 0.24 
HDAC9  ILMN_2408885   6.68 ± 0.12 
HDAC11  ILMN_1684690   7.49 ± 0.40 
EZH2   ILMN_1708105   6.65 ± 0.15 
 

����������������������������������������������� study. 

 
Primers 

 
Forward 

 
Reverse 

 
HLA­A 

 
5'- ������������������ 

 
5'- ������������������� 

HLA­B  5'- �������������������� 5'- ������������������ 
RPS11  5'- �������������������� 5'- ������������������ 
CAPNS1  5'- ���������������������� 5'- ������������������ 
SRPR  5'- ���������������������� 5'- ������������������ 
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Simple Summary  

Uveal melanoma (UM) is an ocular malignancy which is derived from melanocytes in the uveal 

tract. Epigenetic regulators such as Histone deacetylase enzymes (HDACs) are being tested as 

treatment of UM metastases. Expression of different HDACs is variable, and some are increased 

in high-risk tumours with loss of one chromosome 3. As this genetic abnormality is also associated 

with an inflammatory phenotype, we analysed whether HDAC expression was associated with 

inflammation. In two cohorts of UM cases, several HDACs showed a positive correlation with 

tumour-infiltrating leukocytes. Interferon-gamma stimulated expression of some HDACs on UM 

cell lines. These data suggest that cytokines produced by leukocytes may be responsible for the 

increased expression of some HDACs in UM with monosomy 3. 

Abstract 

In Uveal Melanoma (UM), an inflammatory phenotype is strongly associated with the 

development of metastases, and with chromosome 3/BAP1 expression loss. As expression of 

several Histone Deacetylases (HDACs) was associated with loss of chromosome 3, this suggested 

that HDAC expression might also be related to inflammation. We analysed HDAC expression and 

the presence of leukocytes by mRNA expression in two sets of UM and determined the T 

lymphocyte fraction through ddPCR. Four UM cell lines were treated with IFNɤ (50IU, 200IU). 

Quantitative PCR (qPCR) was used for mRNA measurement of HDACs in cultured cells. 

In both cohorts (Leiden and TCGA), a positive correlation occurred between the presence of a T 

cell infiltrate and expression of HDACs 1, 3, and 8, while a negative correlation was observed 

between macrophages and HDACs 2 and 11. After stimulation of UM cell lines with IFNɤ, a slight 

increase of HDACs 1, 4, 5, 7, and 8 occurred in two out of four UM cell lines. 

We conclude that the observed positive correlations between HDAC expression and chromosome 

3/BAP1 loss may be related to the presence of infiltrating T cells.  

Keywords: Uveal Melanoma, Inflammation, Metastasis, Chromosome 3, Histone deacetylase 
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1.  Introduction  

Histone Deacetylases (HDACs) are epigenetic enzymes which regulate gene expression primarily 

by modifying the chromatin structure through the removal of acetyl groups from histones, acting 

in balance with Histone Acetyl Transferases (HATs). Eighteen types of HDACs have been 

identified in man, classified into four classes: HDAC Class I includes HDACs 1, 2, 3, and 8, which 

are located in the nucleus, HDAC Class II includes HDACs 4, 5, 6, 7, 9, and 10, with both nuclear 

and cytoplasmic locations, HDAC Class III consists of sirtuins 1-7, and HDAC Class IV is made 

up by HDAC 11 [1, 2]. Several types of HDACs show overexpression in cancer cells, which has 

been associated with invasive behavior [3-5] and a poor clinical outcome, for instance in oral 

squamous cell carcinoma [6].  

Inhibitors of HDACs (HDACi) are being investigated as treatment of a wide range of 

malignancies, one of which is Uveal Melanoma (UM), which constitutes a rare ocular tumour 

arising from the uveal tract. It mainly involves the choroid but may also develop in the iris or 

ciliary body, and gives rise to metastases in 50% of cases [7]. Specific somatic mutations and 

chromosome aberrations in primary UM are associated with the risk of metastases: loss of one 

chromosome 3 (monosomy 3) and a mutation in the BRCA1-associated protein 1 (BAP1) gene on 

the other chromosome 3 are associated with a very high-risk of developing metastases [8, 9]. In a 

recent study, we described that high-risk UM showed an elevated expression of several HDACs, 

which was associated with monosomy 3 [10].  

It has been known for quite some time that monosomy 3 is related to an inflammatory phenotype, 

which is characterized by the presence of tumour-infiltrating lymphocytes (TILs), tumour-

associated macrophages (TAMs) and high expression levels of HLA Class I and HLA Class II [11-

15]. Infiltration of UM with immune cells is associated with an increased risk of metastasis [16- 

18]. Specific genetic abnormalities are associated with the development of inflammation in UM: 

extra copies of chromosome 8q are related to macrophage influx, while monosomy 3/BAP1 loss 

are also associated with the presence of lymphocytes [16, 19]. As differences in expression levels 

of HDACs were related to monosomy 3/BAP1 loss, we considered a relation between their 

expression and inflammation. 
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We set out to investigate the hypothesis that the variation in expression of HDACs is related to the 

inflammatory phenotype, due to the production of cytokines produced by the infiltrating 

leukocytes. We analyzed this by determining HDAC expression and the presence of an 

inflammatory phenotype in two cohorts of UM patients, and by treating four UM cell lines with 

IFNɤ. 

2.    Materials and Methods  

2.1. Study samples 

The studied tumours came from 64 eyes that underwent an enucleation for UM at the Leiden 

University Medical Center (LUMC), Leiden, The Netherlands, between 1999 and 2008. In this 

group, 51% of the patients were male and 49% female. Their mean age at the time of enucleation 

was 61 years. The mean follow-up time (defined as the time period between enucleation and death) 

was 83 months (range 2 to 229 months). Follow-up was updated in 2020. At the end of follow up, 

17 patients (27%) were alive, 37 patients (58%) had died because of metastases, four (6%) had 

died because of other causes, while for six patients (9%) the cause of death was unknown.  

MRNA levels of patients included in the TCGA database were investigated for validation of our 

results (n=80) [18]. 

This work has been carried out in accordance with the Code of Ethics of the World Medical 

Association (Declaration of Helsinki). The project was approved by the LUMC Biobank 

committee and the LUMC METC committee (19/10/2016, code G16.076/NV/gk). 

2.2. Chromosome analysis 

Tumour DNA was isolated using the QIAmp DNA Mini kit (Qiagen, Venlo, The Netherlands). 

Single-nucleotide polymorphism (SNP) analysis was performed using an Affymetrix 250K_NSP 

or Affymetrix SNP 6.0 array to detect chromosome 3 loss [20]. Additional copies of chromosome 

8q were detected by Affymetrix SNP 6.0 array and analysed using the GISTIC 2.0 algorithm [19]. 
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2.3. Tumour gene expression 

RNA was isolated using the RNeasy mini kit (Qiagen, Venlo, The Netherlands). Gene expression 

levels were determined using an Illumina HT12v4 array (Illumina, Inc., San Diego, CA, USA) and 

data were obtained for expression of epigenetic regulators (HDAC1, HDAC2, HDAC3, HDAC4, 

HDAC6, HDAC7, HDAC8, HDAC9, and HDAC11) and infiltrate markers (CD3E, CD8A and 

CD68). Information regarding the Illumina probe numbers and gene expression levels has been 

published [10]. 

2.4. Droplet Digital PCR (ddPCR) 

Droplet digital PCR (ddPCR) was used in order to measure the T cell fraction as previously 

described [21, 22], applying a specifically-designed probe directed at a locus of the TCR-β gene. 

2.5. Cell lines and cell culture 

Four UM Cell lines were used in this study: the OMM1 cell line was previously established by Dr 

G.P.M. Luyten (LUMC, Leiden, The Netherlands) [23]. OMM2.5 was a gift from Dr B.R. Ksander 

(Schepens Eye Re-search Institute, Boston, MA, USA) [24]. Both are BAP1-positive and cultured 

in Roswell Park Memorial Insti-tute Medium 1640 (RPMI) Dutch modified media (Life 

Technologies, Europe bv, Bleiswijk, The Netherlands) supplemented with 10% fetal bovine serum 

(FBS) (Greiner Bio-one, Alphen a/d Rijn, The Netherlands), 1% GlutaMAX and 1% penicillin/ 

streptomycin (Life Technologies).  

Two BAP1-negative UM cell lines (MP46 and MP38) were provided by the Curie Institute, Paris, 

France [25] and cultured in Iscove’s modified Dulbecco medium (IMDM) (Life Technologies), 

supplemented with 20% FBS (Greiner Bio-one) and 1% penicillin/streptomycin (Life 

Technologies). 

2.6. Quantitative Real­Time Polymerase Chain Reaction (qPCR) 

The procedure for RNA isolation and quantitative real-time polymerase chain reaction (qPCR) has 

been described previously [26]. In summary, total RNA was extracted from cells using an RNeasy 

Mini Kit (Qiagen Benelux B.V., Venlo, The Netherlands).  
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The IScript cDNA synthesis kit (Bio-Rad Laboratories B.V., Veenendaal, The Netherlands) was 

used for complementary cDNA synthesis according to the manufacturer’s instructions. 

Quantitative real-time polymerase chain reaction (qPCR) was performed in three independent 

experiments using the CFX-384 machine (Bio-Rad), with triplicates. Data were analysed using 

CFX manager 3.1 (Bio-Rad). CT values of genes of interest were normalized against the geometric 

mean of housekeeping genes RPS11 and CAPNS1. The sequences of primers used in the study are 

shown in Table 1. 

Table 1. Sequences of primers used in the qPCR test. 

 

 

 

 

 

 

 
 

2.7. Statistics 

Data were analyzed with SPSS software version 22.0 (SPSS, nc., Chicago, Il, USA). Spearman 

correlation was performed in order to test correlations between non-parametric data. Pearson’s chi 

square test was used for categorical data analysis. Graphs were obtained using GraphPad Prism 

version 5.0 for Windows (GraphPad Software, La Jolla, CA, USA). An Independent t test was 

used to compare qPCR data. 

3.        Results 

3.1. HDAC expression is related to clinical and genetic tumour characteristics 

When we looked at the mRNA levels of the different HDACs, we noticed a moderate variable 

expression in the Leiden cohort (Figure 1A) as well as in the TCGA panel (Figure 1B).  

Primers  Forward  Reverse 
 
HDAC1 

 
5'- CATCGCTGTGAATTGGGCTG 

 
5'- CCCTCTGGTGATACTTTAGCAGT 

HDAC2  5'- CATGGCGTACAGTCAAGGAG 5'ATAATTTCCAATATCACCGTCGTAG 
HDAC3  5'- AGTTCTGCTCGCGTTACACA 5'- CCGAGGGTGGTACCTCAAAC 
HDAC4  5'- TGGGAGTTTGGAGCTCGTTG 5'- AGTCCATCTGGATGGCTTTGGG 
HDAC5  5'TGGTCTACGACACGTTCATGCT 5'- TCAGGGTGCACGTGTGTGTT 
HDAC6  5'-GGAGAATCAGATCGCAACCGC 5'- ACTGGGGGTTCTGCCTACTT 
HDAC7  5'- GACAAGAGCAAGCGAAGTGC 5'- GAGGTGTGGGGACACTGTAG 
HDAC8  5'- CCAAGAGGGCGATGATGATC 5'- GTGGCTGGGCAGTCATAACC 
HDAC9  5'- GAGGACGAGAAAGGGCAGTG 5'- GTACCAGAGCTTGGGATGGC 
HDAC11  5'- TGTCTACAACCGCCACATCT 5'- GGTGCCTGCATTGTATACC 
RPS11  5'- AAGCAGCCGACCATCTTTCA 5'- CGGGAGCTTCTCCTTGCC 
CAPNS1  5'ATGGTTTTGGCATTGACACATG 5'- GCTTGCCTGTGGTGTCGC 
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We already knew that expression of some of the HDACs was related to the tumour’s chromosome 

3 status, but now also investigated the possible association between HDACs and other high-risk 

tumour characteristics, such as cell type, tumour location (involvement of the ciliary body), tumour 

size (indicated as cTNM stage), BAP1 expression as determined by immunohistochemical staining 

in the Leiden cohort of 64 cases as well as in the TCGA cohort (mRNA expression) of 80 cases. 

Increased expression of HDACs 1 and 8 was associated with the presence of epithelioid cells (p= 

0.002 and p = 0.005), increased HDAC4 expression was associated with ciliary body involvement 

(p = 0.04) and high cTNM stage (p = 0.04). Expression of HDACs 1, 4, and 8 was higher in 

tumours with monosomy 3 (p = 0.002, p = 0.01, and p < 0.001, respectively), while HDAC11 

showed a lower expression in cases with monosomy 3 (p < 0.001). Increased expression of HDAC4 

and HDAC8 was associated with loss of BAP1 (p = 0.004, p = 0.001 respectively), while the 

opposite relation was observed for HDAC11 (p = 0.004) (Table 2). When we looked at disomy 3 

tumours only, HDAC4 and HDAC7 were associated with chromosome 8q gain (p = 0.01, p = 

0.007). As expected, when we looked at the TCGA cohort, HDACs 4 and 8 but also HDAC3 

showed a negative correlation with the BAP1 mRNA expression level (p < 0.001, p < 0.001, p = 

0.02), while HDACs 6 and 11 (p < 0.001, p < 0.001) showed a positive correlation (Supplementary 

Table 1). 
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3.2. HDACs and relation with infiltrating leukocytes 

As already observed [10] and confirmed (Table 2), expression levels of some of the HDACs were 

related to the tumour’s chromosome 3/BAP1 status [10]. As monosomy 3 is associated with the 

presence of an inflammatory phenotype, we speculated that the epigenetic enzymes might be 

upregulated due to the presence of infiltrating leukocytes which produce cytokines that stimulate 

HDAC expression. We set out to test this hypothesis (Table 3).  

Expression of HDACs 1, 3, 7, and 8 was positively correlated with the expression of the T cell 

markers CD3E and CD8A, while these correlations were negative for HDAC11. HDAC2 and 11 

were inversely correlated with macrophage marker CD68 (p < 0.001, p = 0.001). 
When performing the same analysis using the TCGA cohort, the results showed that HDACs 1, 3, 

and 8 were (again) positively correlated with to the presence of CD3E and CD8A TILs, while 

HDACs 2 and 11 were (again) negatively correlated with CD3E (p = 0.003, p = 0.002), and 

HDAC2 and HDAC9 with CD68 (p < 0.001, p < 0.001) (Table 4). 

Table 3. Correlation between mRNA expression levels (determined by Illumina array) of different HDACs 
and expression of TILs (CD3E and CD8A) and TAMs (CD68) in the LUMC cohort (n=64). R = two-tailed 
Spearman correlation coefficient. p ≤0.05 is considered significant (indicated in bold). 

Table 4. Correlation between mRNA expression levels of different HDACs and expression of TILs (CD3E 
and CD8A) and TAMs (CD68) in the TCGA cohort (n=80). R = two-tailed Spearman correlation 
coefficient. p ≤0.05 is considered significant (indicated in bold). 

CD3E  CD8A  CD68 
R  p  R  p  R  p 

HDAC1  .340 .006  .407 .001  .082 .52 
HDAC2  -.197 .12 -.153 .23 -.430 < 0.001 
HDAC3  .256 .04  .315 .01  .129 .31 
HDAC4  .074 .56 .217 .08 .029 .82 
HDAC6  -.109 .39 -.228 .07 .017 .89 
HDAC7   .329 .01  .395 .001  .260 .04 
HDAC8  .350 .005  .429 < 0.001  .241 .05 
HDAC9  -.136 .28 -.168 .18 -.034 .79 
HDAC11  -.259 .04  -.254 .04  -.415 .001 

CD3E  CD8A  CD68 
R  p  R  p  R   p 

HDAC1  .409 < 0.001  .446 < 0.001  -.124 .27 
HDAC2  -.329 .003  -.143 .20 -.445 < 0.001 
HDAC3  .323 .003  .373 .001  .201 .07 
HDAC4  .076 .50 .229 .04  .076 .50 
HDAC6  -.211 .06 -.270 .01  .074 .51 
HDAC7  .003 .98 -.089 .43 .060 .59 
HDAC8  .364 .001  .478 < 0.001  -.202 .07 
HDAC9  -.098 .39 .020 .86 -.396 < 0.001 
HDAC11  -.339 .002  -.452 < 0.001 -.169 .13 
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In order to obtain the real percentage of T cells as part of the tumour, we used a ddPCR technique 

to quantify the T cell infiltrate (Supplementary Table 2). A comparison of the T cell fraction versus 

the expression of HDACs 1, 4, 8, and 11 is provided in Figure 2. Significant positive correlations 

were observed between T cell fraction and HDACs 1, 3, and 8, and a negative correlation with 

HDACs 6 and 11. 

Figure 2. Correlations between mRNA expression levels (determined by Illumina array) of different 
HDACs and T cell fraction (%) (Determined by ddPCR) (n=59). HDAC1 R2 = 0.124, p = 0.002, HDAC4 
R2 = 0.019, p = 0.13, HDAC8 R2 = 0.071, p = 0.01, HDAC11 R2 = 0.160, p = 0.005.

3.3. HDAC expression in UM cell lines 

The correlation between some infiltrate markers and expression levels of HDACs 1, 3, 4, 6, and 8 

�����������������������������������������������������������������������������������������������;������

may be due to the production of cytokines such as interferon ɤ (IFNɤ).  
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To test this option, we looked at the level of expression of a range of HDACs in four UM cell lines 

and exposed them to two different doses of IFNɤ for 48 hrs (Figure 3). HLA-A and HLA-B mRNA 

levels were measured as positive controls, and show a strong response to IFNɤ exposure 

(Supplementary Figure 1). 

We observed low levels of HDACs 3, 6, and 7 in all cell lines, with slightly higher levels of HDACs 

8 and 11. IFNɤ induced a slight but significant increase in HDACs 1, 4, 5, 7, and 8 in cell lines 

OMM2.5 and MP38 cell lines, and of HDAC11 in MP38. No significant changes were observed 

in cell lines OMM1 and MP46. 

4. Discussion 

Previously, we reported that expression of several HDACs was increased in high-risk UM with 

monosomy 3/loss of BAP1 and gain of 8q [10]. However, we observed variation in expression of 

several HDACs. As we wanted to get a better insight into the cause of this variable expression, we 

determined whether expression was related to any specific histological or genetic tumour 

characteristics. For this, we first used the set of 64 primary UM from Leiden which had been 

analysed for their chromosome 3 and 8q status, their BAP1 staining and their mRNA expression 

levels. Expression levels of two HDACs (1 and 8) were higher in case of epithelioid cells, and 

three HDACs (1, 4, 8) were increased in tumours with monosomy 3, an indicator of bad prognosis 

in this di�����;� �����nosomy 3 is related to the presence of an inflammatory phenotype with 

increased levels of HLA Class I expression and the presence of TIL and TAM, we considered the 

option that the inflammatory microenvironment may be responsible for the upregulation of 

HDACs in UM. In the Leiden cohort, we observed that four of the HDACs (HDACs 1, 3, 7, and 

8) showed a positive correlation between expression levels and TIL, while this was the case for 

three of the HDACs in the TCGA study (HDACs 1, 3, and 8). HDAC11 showed a consistently 

negative association with TIL as well as TAM. In order to test our hypothesis that the presence of 

infiltrating leukocytes led to HDAC expression through the production of cytokines, we treated 

four UM cell lines (two BAP1 positive ones: OMM1 and OMM2.5, and two BAP1-negative ones: 

MP46 and MP38) with two different doses of IFNɤ, an inflammatory cytokine normally expressed 

by immune cells such as CD8. After 48hrs we found that IFNɤ led to some induction of HDAC 

expression in two out of four treated cell lines (OMM2.5 and MP38).
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This suggests a potential difference in the regulation of HDACs between individuals in response 

to IFNɤ. HDACs contribute towards malignancy: they block the activity of cell cycle inhibitors, 

inhibit differentiation and apoptosis and thereby enhance uncontrolled proliferation and survival 

of cancer cells.  HDAC expression might be related to invasive and stem cell behavior of UM 

cells: a change in epigenetic regulation has been proposed by Landreville in 2012, who noticed 

that loss of melanocytic behavior and a shift toward stem cell behavior occurred during BAP1 

�����������������;����������������������������������������������������������������������������������

However, we did not notice a basic difference in expression between the BAP1-positive and 

BAP1-negative cell lines. Beside their role in the induction of malignancy and invasive behavior, 

HDACs are also involved in inflammatory processes: HDACs could act as inducers of interferon-

stimulated genes: inhibition of HDACs by trichostatin inhibited the recruitment of RNA poly II 

and expression of the ISRE element-containing genes ISG54, ISG15, and ISG56 in primary human 

�����������;������������������������������������������������������������������������������������

a potential regulator for inflammatory processes [28].  

We may be dealing with a circular process, in which cytokines stimulate expression of some 

HDACs, which subsequently stimulate inflammatory cellular pathways. As we saw a negative 

association between HDAC2 and the presence of macrophages, some HDACs may have a similar 

negative immunomodulatory effect.  

We previously reported that HDACs are associated with HLA expression, which is part of the 

inflammatory phenotype in UM: mRNA expression of HDACs (1, 4, and 8) was positively 

associated with HLA-A and HLA-B expression [10]. When we now look at the relations with 

����������������������������������������������������������������������������������������and 

HDACs 2 and 11 a strong negative association. HDAC1 is involved in the expression of type I 

IFN-responding genes: when cells were treated with the HDAC inhibitor Sodium Butyrate, 

expression of interferon-��������������������������������������������������������;��������������

HDAC1 by siRNA reduced the mRNA level of ISG54 [29].  

HDAC8 has been shown to have increased enzymatic activity and play a pathogenic role in 

����������������;��������������������������������������������������������������������������

the level of HDAC8 protein expression was significantly increased in the lungs, together with high  
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numbers of CD68 and CD163 macrophages, while treatment with the specific HDAC8 inhibitor 

PCI-34051 reduced these effects. The study reported a role for HDAC8 and Galectin-3 for the 

development of inflammatory macrophages [30]. Another study found that the use of PCI-34051 

downregulated inflammatory cytokines in peripheral blood mononuclear cells (IL-18, IL-1β, MIP-

1b, MCP-1, TNFa, and IL-6) [31]. These reports demonstrate a role for HDAC8 in the induction 

of inflammation.  

HDAC2 and HDAC11 showed a negative correlation with markers of inflammation such as the 

presence of lymphocytes and macrophages, both in the Leiden cohort as well as the TCGA cohort. 

In a study on human cervical cancer cell lines, HDAC2 was found to inhibit transcription of MHC 

genes, which are associated with the inflammatory phenotype in UM [32]. HDAC2 has been 

studied extensively in relation to pulmonary inflammation: HDAC2 mRNA and protein expression 

were reduced in lung epithelial cells and macrophages after exposure to hypoxia [33]. We have 

previously shown that high-risk UM are characterized by a hypoxic environment [34]. It has been 

similarly shown that HDAC11 has a low expression in high-risk UM [35, 10]. The best explanation 

for this phenomenon is that HDAC11 is located on chromosome 3 and expression is decreased 

after loss of one of the two chromosomes 3. We previously published that monosomy 3 is 

associated with tumour inflammation: here, we observe a negative correlation between HDAC11 

expression and inflammatory TIL and TAM markers. However, a low HDAC11 level may still 

contribute to the invasiveness of malignant cells: low levels of this HDAC have been reported to 

increase the risk of metastasis in breast cancer [36]. The expression of some of the HDACs not 

only shows a correlation with infiltrating lymphocytes, but has also been shown to associate with 

immune checkpoint expression, suggesting a possible role for these HDACs in the immune evasion 

of tumour cells: high levels of HDACs 1, 3, 6, and 8 were positively correlated with expression of 

the B7 homolog 1 checkpoint inhibitor (B7-H1) in gastric cancer. When gastric cell lines were 

treated with the HDAC inhibitor vorinostat after IFNɤ induction, B7-H1 was reduced, showing 

that HDACs play a role in the IFNɤ enhancement of B7-H1 in gastric cancer and are involved in 

the evasion phenotype of these malignant cells [37]. 
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5. Conclusion 

We report that expression of several HDACs is related to high-risk characteristics in UM and to 

inflammation, and is possibly regulated by inflammatory cytokines produced by the infiltrated 

immune cells. The upregulation of HDACs might contribute towards the progression of 

inflammation and subsequently increase the malignant behavior in this disease. 
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Supplementary Table 1. Correlation between mRNA expression levels (determined by Illumina array) of 
different HDACs and expression of BAP1 in the TCGA cohort (n=80). R = two-tailed Spearman correlation 
coefficient. p ≤0.05 is considered significant, and indicated in bold. 

 

 

 

 

 

 

 

 

 

Supplementary Table 2. Correlation between mRNA expression levels (determined by Illumina array) of 
different HDACs and T cell fraction (%) as determined by ddPCR (n=59). R = two-tailed Spearman 
correlation coefficient. p ≤0.05 is considered significant, and indicated in bold 

 

 

 

 

 

 

 

 

 

 

 

   BAP1 
   R  p 

HDAC1  -.201 .07 
HDAC2  -.010 .93 
HDAC3  -.268 .02 
HDAC4  -.625 <0.001 
HDAC6  .427 <0.001 
HDAC7   -.022 .84 
HDAC8  -.560 <0.001 
HDAC9  -.069 -.069 
 HDAC11  .739 <0.001 

   T cell fraction 
   R  p 

HDAC1  .399 .002 
HDAC2  -.232 .08 
HDAC3  .319 .01 
HDAC4  .200 .13 
HDAC6  -.314 .02 
HDAC7   .183 .16 
HDAC8  .357 .01 
HDAC9  -.122 .36 

HDAC11  -.363 .005 



Expression of HDACs 1, 3, and 8 is upregulated in the presence of infiltrating lymphocytes in Uveal Melanoma 

131

 

 

Supplementary Figure 1: Influence of adding IFNɤ on HLA-A and HLA-B mRNA expression on cultured 
UM cell lines. * p ≤ 0.05, ** p < 0.01, *** p < 0.001. 
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Simple Summary  

Uveal melanoma (UM) is a rare ocular malignancy that often gives rise to metastases. Tumours 

with an inflammatory phenotype have an especially worse prognosis. As an increased HLA ex-

pression and the presence of tumour-infiltrating lymphocytes and macrophages may be regulated 

by miRNAs, we set out to investigate whether any miRNAs are associated with inflammatory 

parameters. Some miRNAs were increased in UM with a high HLA expression and high T cell 

numbers, while others were decreased, showing two oppos������������;������������������terns 

were related to chromosome 3 status. We conclude that specific miRNAs are related to the 

inflammatory phenotype and that these are differentially expressed between disomy 3/BAP1-

positive versus monosomy 3/BAP1-negative UM 
 

Abstract 

MicroRNAs are known to play a role in the regulation of inflammation. As a high HLA Class I 

expression is associated with a bad prognosis in UM, we set out to determine whether any miRNAs 

were related to HLA Class I expression and inflammation. We also determined whether such 

miRNAs were related to the UM’s genetic status.  

The expression of 125 miRNAs was determined in 64 primary UM. Similarly, the mRNA 

expression of HLA-A, HLA-B, TAP1, BAP1, and immune cell markers was obtained from the 

array. Expression levels of 24 of the 125 miRNAs correlated with at least three out of four HLA 

Class I probes. Four showed a positive correlation with HLA expression and infiltration with 

leukocytes, 20 a negative pattern. High miRNA levels in the first group correlated with 

chromosome 3 loss/reduced BAP1 mRNA expression.The positive associations between miRNA-

22 and miRNA-155 with HLA Class I were confirmed in the TCGA study, with TAP1 in the 

Rotterdam data set, the negative one between HLA-A, TAP1 and CD4 with miRNA-125b2 and 

miRNA-211 in the Rotterdam set. We demonstrate two patterns: miRNAs can either be related to 

a high or a low HLA Class I and TAP1 expression and the presence of infiltrating lymphocytes 

and macrophages.  
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However, both patterns are associated with chromosome 3/BAP1 status, which suggests a role for 

BAP1 loss in the regulation of HLA expression and inflammation in UM through miRNAs. 

Keywords: Eye disease, Uveal Melanoma, Oncology, Inflammation, miRNA, HLA, TAP1, 

Monosomy3, BAP1 

Introduction 

Uveal melanoma (UM) is the most common type of primary intraocular malignancy in adults and 

carries a high risk of metastases. Tumours with monosomy of chromosome 3 (M3), gain of 8q [1–

4], a mutation in the BAP1 (BRCA1-associated protein-1) gene [5,6], or a class 2 gene expression 

profile [7–9] are more prone to develop metastases. Tumours that have these high-risk 

characteristics often show an inflammatory phenotype [10,11], characterized by the presence of 

high numbers of tumour-infiltrating lymphocytes and macrophages [12,13], and a high expression 

of the HLA Class I and II antigens [14–16]. HLA Class I molecules are essential for the 

presentation of processed tumour antigens to cytotoxic T cells and are therefore important for 

immunotherapeutic approaches. However, while a high HLA expression might theoretically make 

the tumour cells more susceptible to killing by cytotoxic T cells, it may decrease their susceptibility 

to NK (natural killer) cell-mediated lysis, which is probably especially relevant during 

hematogeneous tumour cell migration from the eye to the liver [17,18]. 

Although there are effective treatments available for primary UM (radioactive plaque, proton beam 

therapy, stereotactic irradiation), a treatment to cure metastases is still missing and survival of 

high-risk cases has not improved during the last 50 years [19–���;� ��� ��� ���������� ���������� ���

identify new potential therapies to treat metastases of this disease. 

MiRNAs are short noncoding RNAs, usually with a length of 17–22 base pairs. By binding to 

3ʹUTR regions of complimentary mRNAs, they either stimulate or delay translation of specific 

genes and thereby play an important role in gene regulation [23]. In recent years, miRNAs have 

been identified as new players in tumorigenesis and metastases formation, and they have been 

associated with angiogenesis [24,25], the induction of epithelial-to-mesenchymal transition [26] 

and increased proliferation [27–29]. Several miRNAs have been identified to play a role in 

tumorigenesis of UM [30], and differences in miRNA expression occur between UM tumors with  
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a low or high metastatic risk [31–34]. Smit reported that miRNAs were potential actors for the 

progression of metastasis in UM: 13 out of 423 mature miRNAs, which were expressed in UM 

samples, were differentially expressed between low, intermediate, and high-risk UM [35]. 

MiRNAs may act as oncomirs leading to cell growth and invasion [36,37], or as tumour 

suppressors, having antitumor activity [38].  

Inflammation is a bad prognostic sign in UM, but it is as yet unclear how this inflammation is 

regulated. The presence of tumour-associated macrophages (TAMs) has been associated with loss 

of one chromosome 3 (M3, monosomy 3) and gain of chromosome 8q, while both TAMs as well 

as tumour-infiltrating lymphocytes (TILs) are increased in UM with loss of chromosome 3/BAP1 

[10,13,39]. 

As miRNAs may influence inflammation, we analysed 125 miRNAs in 64 UM samples and 

����������� ������������������������������� �� ��������������� ���������������� ��� ����������;����

furthermore investigated whether the levels of inflammation-associated miRNAs were related to 

the tumour genetic status. Outcomes were compared with data from the Department of 

Ophthalmology, ErasmusMC, Rotterdam, The Netherlands [35], and TCGA data [11] (See 

Schedule in Figure 1).   
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Figure 1. Schedule for analyses. 

 

Figure 1. Schedule for analyses. 

 Analysis of 125 miRNAs in 64 
tumours from Leiden cohort 

Comparison of expression 
between miRNA and HLA-A 
(three probes) and HLA-B 

24 miRNAs, shown in Figure 2. 

Comparison with presence of T 
cells, macrophages, antigen 
loading machinery 

Two clusters of miRNAs: three (22, 
155, 636) with a positive association 
with inflammation, one 
intermediate, 20 negative 
associations. 

Both clusters are related to 
chromosome 3/BAP1 status.   

Comparison with Rotterdam (n=26) 
and TCGA (n=80) 

Different cohorts have different 
miRNAs. 

Correlations for miRNA22 and 155 
are confirmed in TCGA, miRNA125-
B2 and 211 in the Rotterdam cohort. 
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2. Materials and Methods 

2.1. Study Population Leiden Cohort 

Tumour material was obtained from 64 eyes that underwent an enucleation for UM between 1999 

and 2008 at the Leiden University Medical Center (LUMC) in Leiden, The Netherlands. 

Characteristics of the cohort have been added as Table S1. 51% of the patients were male and 49% 

were female. The mean age at the time of enucleation was 61 years. The mean follow-up time 

(defined as the time period between enucleation and either date of last follow-up or death) was 83 

months (range 2 to 229 months). Follow-up was updated in 2020. At the end of follow up, 17 

(27%) patients were alive, 37 (58%) patients had died because of metastasis, four (6%) had died 

because of other causes and six (9 %) had died but the cause of death was unknown. 

2.2. Chromosome Status 

DNA isolation was performed on frozen tumour tissue using the QIAmp DNA Mini kit for single 

nucleotide polymorphism (SNP) detection (Qiagen, Venlo, The Netherlands). Chromosome 3 

abnormality was detected by SNP microarray analysis using an Affymetrix 250K_NSP 

(Affymetrix, Santa Clara, CA, USA) array as described previously [4, 13]. 

2.3 Gene expression 

RNA isolation was performed on frozen tumour tissue using the RNeasy mini kit (Qiagen, Venlo, 

The Netherlands). Gene expression was determined with the Illumina HT12v4 array (Illumina, 

Inc., San Diego, CA, US) for 125 miRNA, HLA Class I (HLA-A, HLA-B), HLA Class I 

Regulatory Factors and the Antigen-Loading Machinery (CIITA, NLRC5, IRF1, IRF8 and TAP1), 

Immune markers (CD3, CD4, CD8, CD68, CD163), and BAP1 as described previously [40]. 

2.4 Rotterdam Cohort 

The 26 cases analysed from the ErasmusMC were described by Smit [35]. Both miRNA and 

mRNA libraries were sequenced with the Ion Proton sequencer.  
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Readtrimming using Cu-tadapt Version 3.4, alignment to the hg19 reference genome using 

HISAT2Version 2.1.0. Aligned reads were counted using htseq-count Version 0.9.1 (mirBasev20, 

Ho-mo_Sapiens.GRCh37.75) and normalised using DESeq2. 

2.5 TCGA data 

MiRNA expression data of 80 UM samples were retrieved from the repository of the Genomic 

Data Commons Data Portal (https://portal.gdc.cancer.gov) [11]. 

2.6 Statistical analysis 

Data were analysed with SPSS software version 22.0 (SPSS, nc, Chicago, Il, USA). Graphs were 

obtained using GraphPad Prism version 5.0 for windows (GraphPad Software, La Jolla, California, 

USA). Spearman correlation was performed in order to make correlations between non-parametric 

data. The Mann-Whitney U test was used to compare non-normal groups. Kaplan-Meier survival 

curves were made and the log rank test was used to determine significance. 

We used R-package heatmaply to produce the heatmaps. We use 1 - cor(X, Y) to define the 

distance between mRNA X and Y to be used for the hiarchical clustering. The linkage function 

was average linkage. R version 3.6.1 was used. 

2.7. Institutional Review Board Statement and informed consent 

This project was approved by the METC of the LUMC (B14.003/SH/sh Approval Biobank OOG-

2 “Oogtumoren (of een verdenking hierop)”). The research adhered to Dutch law and the tenets of 

the Declaration of Helsinki (World Medical Association of Declara���������;��������������������

for medical research involving human subjects). Informed consent was obtained from all subjects 

involved in the study. 
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3. Results 

3.1. MiRNAs and HLA Class I 

As HLA antigens are one of the characteristics of high-risk UM and may play an important role in 

immunotherapy, it is important to know how their expression is regulated. As a relation between 

miRNAs and HLA expression has been observed in other malignancies, we determined whether 

we could identify miRNAs that were related to HLA expression, one of the markers of the 

inflammatory phenotype of UM. Using a set of 64 UM from the LUMC, we compared the 

expression levels of miRNAs with expression of HLA Class I, using four HLA Class I probes 

(three for HLA-A, one for HLA-B). Of the 125 studied miRNAs, 24 showed a correlation with at 

least three of the four HLA probes (Table S2).  

Two different patterns were observed: four miRNAs (miR-155, miR-22, miR-635 and miR-1276) 

showed positive correlations with at least three of the four HLA Class I probes and 20 miRNAs 

showed negative correlations with at least three of the four HLA Class I probes. For these 24 

miRNAs, we compared the miRNA expression levels not only with HLA-A and -B expression, 

but also with the expression of probes for HLA regulators (TAP1, TAP2, IRF1, IRF8, CIITA, 

NLRC5) [40], and markers of infiltrating T cells and macrophages (see Figure 2 and Figure S1 for 

TAP1). A clear pattern emerged, with the same four miRNAs showing positive correlations with 

most markers, and the other twenty mainly showing negative correlations. In order to validate our 

findings, we investigated the association between miRNAs, HLA Class I and TAP1 expression in 

a cohort of 26 UM from the Rotterdam ErasmusMC (Table S4). Of the 47 miRs, only eleven 

showed a high enough expression to be able to use them in a comparison with HLA mRNA 

expression data from the same cohort. MiR-155 showed a positive correlation with TAP1 (R = 

0.502, p = 0.02). MiR-211 showed a negative correlation with HLA-A, and TAP1, and miR-125 

with HLA-A, HLA-B and TAP1. MiR-635 and miR-1276 were not available in this set.  
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Of the other miRs that were in both sets, miR-18B, miR-31, miR-98, miR-361, miR-454, and miR-

507 did not show any significant correlations with HLA-A, HLA-B, or TAP1 expression in the 

Rotterdam data. We then screened the data of the TCGA, where only three of the 24 miRNA of 

interest were identified: miR-155 and miR-22 were positively correlated with HLA-A (R = 0.630, 

p �������;������������p = 0.003, respectively) and HLA-B (R = 0.694, p �������;������������p < 

0.001), while miR-98 did not show a significant association with HLA-A nor HLA-B (R = 0.113, 

p ������;���� 0.054, p = 0.63). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Heat map of the correlations between the expression levels of 24 miRNA expression with the 
mRNA expression of three HLA-A probes (probes HLA-A1, HLA-A2 and HLA-A3) and HLA-B, several 
regulators of HLA, members of the Antigen Loading Machinery, and T cell and macrophage markers. An 
analysis of 64 Uveal Melanoma was used to obtain the correlations. Red indicates a positive correlation and 
blue a negative correlation. 
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3.2. MiRNA expression and correlation with TILs and TAMs in Uveal Melanoma  

As not only HLA expression but also the presence of an infiltrate is an important characteristic of 

an inflammatory phenotype, we analyzed whether the association was not only with HLA 

expression but also with the presence of TILs and TAMs. Out of the 101 miRNAs that were not 

associated with HLA expression, only three showed significant correlations with the presence of 

TILs and TAMs, indicating that HLA expression and a leukocyte infiltrate are strongly related 

(Table S3).  

We then focused on the 24 miR-NAs which were correlated with HLA Class I expression.  

When looking at the correlation matrix, all four miRNAs (miR-22, miR-155, miR-635, miR-1276) 

that had shown a positive correlation with at least three of the four HLA probes, cluster together 

with the HLA probes, the T lymphocyte markers (CD3, CD4 or CD8) and the macrophage markers 

(CD68 and CD163), while this is not the case for the negatively-���������������;�����������������

an opposite pattern (Figure 3).  

The two opposing patterns are clearly visible in the correlation between the miRs with HLA-B 

(Figure 4), and macrophage marker CD68 (Figure 5): MiR-22, miR-155, and miR-635 show a 

positive correlation with HLA-B (p values ≤ 0.003) and MiR-22 and miR-155 with CD68 (both p 

values = 0.007), while miR-330, miR-599, and miR-1228 show negative correlations with HLA-

B and CD68 (all p values ≤ 0.001). 
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Figure 3. Expression of miRNAs was compared to the mRNA expression of HLA Class I and markers of 
infiltrate. Relation between miRNAs and mRNA levels from 64 Uveal melanoma are shown in a pairwise 
correlation matrix. Red indicates a high correlation, blue a low correlation. 

 

 
 

Figure 4. The expression levels of six different miRNAs (A-F) were compared to HLA-B mRNA levels in 
64 Uveal Melanoma from Leiden. Positive and negative patterns are observed. p values were determined 
by Spearman correlation. p ≤ 0.05 was considered significant. A: miR-22, B: miR-155, C: miR-635, D: 
miR-���;�������-���;�������-1228 versus HLA-B expression. 
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Figure 5. The expression levels of six different miRNAs (A-F) were compared to the mRNA levels of 
CD68, a macrophage marker, in 64 Uveal Melanoma from Leiden. p values were determined using 
Spearman correlation. p ≤ 0.05 was considered significant. A: miR-22, B: miR-155, C: miR-635, D: miR-
���;�������-���;�������-1228 versus CD68 expression. 

As a control, we looked at the association between miRs of the Rotterdam cohort of 26 UM and 

the mRNA levels of infiltrating cells: in agreement with the prior findings, miR-155 was positively 

correlated with CD4 (p = 0.02), while miR-211 was negatively correlated with CD4 and CD8 and 

miR-125b2 with CD4 and CD163 (Table S4). 

Of the four miRs in the Leiden cohort that had shown a positive correlation with HLA Class I and 

infiltrating leukocytes, three were present in the TCGA cohort: miR-155 was positively associated 

with CD4 (R = 0.336, p = 0.002), CD8 (R = 0.563, p < 0.001), CD68 (R = 0.277, p = 0.01) and 

CD163 (R = 0.365, p ��������;����-22 was positively associated with CD8 (R = 0.296, p = 0.01) 

and CD163 (R = 0.254, p = 0.02) and not with CD4 (R = 0.142, p = 0.21) or CD68 (R = −0.105, p 

= 0.35), while miR-98 was only correlated with CD163 (R = 0.246, p = 0.03) and not with other 

markers: CD4 (R = 0.056, p = 0.62), CD8 (R = 0.162, p = 0.15), CD68 (R = −0.103, p = 0.36). 
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3.3.  MiRNA  expression  and  HLA  Class  I  Regulatory  Factors  and  the  Antigen­Loading 

Machinery 

HLA expression is influenced by regulatory factors such as IRF1, IRF8, NLRC5, and CIITA, but 

also through the Antigen-Loading Machinery (ALM). We investigated whether there was an 

association between the miRNAs that were associated with HLA Class I and these regulatory 

factors (Figure 6). Indeed, miR-22 and miR-155 were positively associated to the ALM 

components TAP1 and TAP2, and the HLA regulatory factors CIITA, NLRC5, IRF1, and IRF8, 

while the opposite was found for miR330, miR-599, and miR-1228. 

Figure 6. Correlation coefficients of the relation between several miRNAs and regulators of HLA 
expression and of members of the Antigen-Loading Machinery. The expression of three miRNAs (miR-22, 
155, 635) that are positively associated with HLA expression and of three (miR-330, 599, 1228) that are 
negatively associated with HLA expression were compared to Class I Regulatory Factors and members of 
the Antigen-Loading Machinery. The correlation coefficients based on Spearman correlations (n=64) are 
shown. The intensity of colors indicates the strength of the correlation. 

3.4. MiRNA expression and chromosome 3 status 

As we and others [10–12] have shown that an inflammatory infiltrate is associated with M3, we 

subsequently determined whether the differential expression of miRNAs was related to the tumour 

chromosome 3 status. Of the four miRNAs which were high in tumours with a high HLA 

expression and infiltrate, three (miR-22, miR-155, and miR-635) were significantly higher in M3 

tumours than D3 tumours (Figure 7A). Of the 20 miRs that were negatively correlated to HLA 

Class I, ten showed a lower mean expression in M3 tumours than in D3 tumours (Figure 7B). 
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Figure 7. The expression of miRNAs in D3 (n = 24) and M3 (n = 40) tumours was compared. MiRNAs that 
are positively (A) or negatively (B) associated to HLA Class I are shown. Using a Mann-Whitney U test, p 
≤ 0.05 was considered significant. MiRNA name is indicated as numbers. Horizontal bars indicate mean 
expression. 

3.5. MiRNA expression and BAP1 expression 

In addition to loss of chromosome 3, loss of expression of BAP1 is associated with increased 

inflammation in UM [13]. We compared mRNA expression levels of BAP1 with HLA expression 

������������������������;�������������������������������������������������������p < 0.001) 

and CD68 (p = 0.006) (see Figure 8).  
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Moreover, BAP1 expression was negatively correlated to the pro-inflammatory miR-22, miR-155, 

and miR-635 (p < 0.001, p < 0.001, p = 0.01, respectively), and had a positive correlation with the 

anti-inflammatory miR-330, miR-599, and miR-1228 (p = 0.05, p = 0.01, and p = 0.001, 

respectively). 

 

Figure 8. Correlation between BAP1 mRNA expression and HLA-B (A), CD68 (B), and examples of the 
two groups of miRNAs (C-F). p values were determined by Spearman correlation. p ≤ 0.05 was considered 
significant. A: HLA-B, B: CD68, C: miR-22, D: miR-���;� ��� ���-���;� �: miR-599 versus BAP1 
expression. 

3.6. MiRNA expression and survival 

As we found associations between miRNA expression and loss of chromosome 3/BAP1 mRNA 

expression, we checked whether the levels of miRNAs were related to survival in UM patients 

(Figure 9). 

According to Kaplan-Meier survival curves, high levels of miR-22 (p = 0.02) and miR-155 (p = 

0.04) were related to decreased survival in UM patients while the opposite was found for miR-330 

(p = 0.04) and miR-599 (p = 0.009). Differences with regard to miR-635 (p = 0.09) and miR-1228 

(p = 0.08) did not reach statistical significance. When we looked at the miRNA from the TCGA, 

we found that high levels of miR-22 (p = 0.003) and miR-155 (p = 0.004) were related to a 

decreased survival while this was not the case for miR-98 (p = 0.26). 
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Figure 9. The relation between low and high miRNA expression and survival was determined in a group 
of 64 Uveal Melanoma patients from Leiden, using Kaplan-Meier survival curves (A–F). A log-rank test 
was used to determine significance. p ≤ 0.05 was considered signi�����������������;�����������;��������
���;�����������;�����������;��������������

4. Discussion

UM are defined by mutations which carry different risks of metastases. Most UM carry a mutation 

�������������������������������������������������������������������������–����������������

������ ���������� ������ ����������� ��� ��������� ��� �������� ������ ������ ����� ���������� ����

��������� �������� ���������������� ������ ���� ��������������������� �������� ������ ����� ���

inflammatory phenotype. However, despite all the different investigations regarding inflammation 

as a contributor towards metastasis in UM, it is still unclear how inflammation is regulated and 

�����������������������������������������
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We therefore set out to explore which miRNAs are associated with inflammation in UM and 

whether their expression is related to chromosome 3/BAP1 loss. Robertson et al. previously 

identified different miRNA clusters in UM which were associated with chromosome 3 status and 

also suggested that expression of some miRNAs might be related to the immune environment [11]. 

Similar to previous studies [11,31–35], we observed a difference in miRs between low and high-

risk UM. 

One of the problems when looking at miRs is that different studies identify different miRs as being 

relevant: as stated in an extensive review by Aughton et al. [33], it should be noted that many 

studies looked at miRNAs in UM and hardly ever were the same miRNAs reported as significantly 

associated with an increased metastatic risk in UM. As they stated, differences may be due to 

differences in tissue sampling, classifications or miRNA detection systems. As we were interested 

in relations between miRs and inflammation, we first tried to identify patterns. HLA Class I 

expression is a key component in the development of inflammation in the eye, an immune-

privileged organ. In spite of this immune privilege, inflammation occurs in many intraocular UM. 

A study from our laboratory in 1996 already described positive correlations between HLA 

expression and the presence of infiltrating leukocytes such as CD3 and CD4 lymphocytes, 

monocytes/macrophages and NK cells in UM [46]. In addition, van Essen in 2016 found a positive 

association between HLA Class I, members of the Antigen Processing Machinery, such as TAP1, 

and the amount of lymphocyte and macrophage infiltration in UM [40]. He showed that mRNA 

expression correlated with immune-histochemical staining for HLA Class I, and we therefore used 

mRNA expression with four different HLA Class I probes to compare HLA expression with 

miRNA levels in the same tumours. Out of the 125 miRNAs for which we had information from 

the Leiden cohort, we identified 24 that were associated with HLA Class I expression. Among 

these 24 miRNAs, we identified two clusters, one with a positive association with HLA Class I 

and infiltrating leukocytes, and the other cluster showing negative associations. Three of the four 

miRNAs (miR-22, 155, 635, and 1276) that were associated with a high HLA expression, were 

also related to high numbers of TILs and/or TAMs and were increased in tumours with M3.  
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Most of the 20 miRNAs that showed an inverse correlation with HLA Class I expression also 

����������������������������������������������������������;������������������������������������

in tumours with M3. Several of the miRs have previously been associated with HLA expression 

or with inflammation. Aughton et al. [33] compared the information from several papers on 

miRNAs in uveal melanoma and only found a few that had been reported in multiple papers. They 

described that miRNA that were associated with an increased metastatic risk could either be 

upregulated or downregulated. Earlier, Worley et al. [31] had also shown that miRNA clustered 

into an upregulated and downregulated group, both related to prognosis. One of the upregulated 

miRs was miR-155 [33]. This miR is not only upregulated in UM, it is also increased in plasma of 

UM patients at the time of metastasis [47]. One possibility is that miR-155 functions as an immune 

stimulator: Mir-155 is known as an important regulator of the NFkB pathway in macrophages and 

thereby may modulate inflammatory responses [48]. We previously described that NFkB activity, 

one of the most important signaling pathways in inflammation, is increased in BAP1-negative UM 

����;����������������������-155 is elevated in M3 tumours which we know are mostly BAP1-

negative. Further studies are needed in order to determine whether miR-155 plays a role in the 

regulation of NFkB in UM. Our data do not exclude the possibility that we are looking at the 

presence of miR-155 containing macrophages, as it is known that this miR is expressed in 

monocytes in peripheral blood and in CD68+ cells obtained from healthy brain tissue [50]. The 

association of miR-155 with TAM may therefore be due to its presence within these cells, thereby 

explaining its high expression in M3 UM, which are known to carry many macrophages [10]. The 

presence of infiltrating cells may influence the tumour cells, HLA expression, as we previously 

described [40]. In a study involving epithelial ovarian cancer (another immune-privileged organ), 

miR-22 was similarly associated with the presence of an intra-tumoural immune infiltrate [51]. 

When we analysed which miRNAs were correlated with HLA expression, several strong positive 

correlations were observed, but, in addition, many other miRs showed a negative correlation. This 

group of miR also showed a negative correlation with the presence of TILs and TAMs, and with 

members of the Antigen Processing Machinery, such as TAP1. One of the downregulated miRNAs 

in high-risk M3 UM was miR-599. One study induced inflammation in endothelial cells by 

lipopolysaccharide (LPS) and found down-regulation of mir-599 in endothelial cell injury, with 

upregulation of TNF, IL-6, ICAM-1, and VCAM-1 [52]. Overexpression of miR-599 led to the  
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suppression of the inflammatory factors and downregulation of the JAK-STAT pathway known to 

be important in migration, proliferation, and inflammation by targeting ROCK1, a suppressor of 

inflammatory processes. Another miR with potential immunosuppressive capacity was miR-1228. 

In gastric cancer, miR-1228 was decreased in cell lines, and its induction led to a decrease of 

mesenchymal markers and invasiveness [53]. This decrease of miR-1228 was held responsible for 

NFkB upregulation.That miR expression may play a role in HLA expression was demonstrated by 

the group of Seliger, which observed that in renal cell carcinoma, overexpression of specific 

miRNAs led to a reduction of HLA-G, enhancing NK-cell mediated cytotoxicity in vitro. Tumours 

expressing HLA-G had a significantly higher frequency of CD3+ and CD8+ T cells [54]. In 

cutaneous melanoma, TAP1 was the target of regulation by miRs. MiR-200a-5p was found to bind 

to the 3′untranslated region (UTR) of TAP1, and overexpression in a cell line was accompanied 

by a decrease in HLA-Class I surface expression, more so of HLA-B/C than HLA-A [55]. High 

levels of miR-200a-5p were associated with a shorter overall survival of the cutaneous melanoma 

patients. Mari et al. (2018) observed that in esophageal adenocarcinoma, miRs were able to 

regulate expression of TAP1 and HLA-Class I [56]. It looks as if a similar mechanism may play a 

role in a range of malignancies, including UM, but every malignancy may involve different miRs, 

and that some may be immune-suppressive, while others may have the opposite effect. We not 

only observed strong positive correlations between several miRNA and TAP1 (with miR-22, miR-

155, and miR-635), but also identified many negative correlations, such as, e.g., with miR-330, 

miR-599, and miR-1228 (Table 1, Figure S1). 
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Table 1. Overview of correlations between different miRNAs and HLA-A, HLA-B and TAP1 in the Leiden 
cohort (n = 64), TCGA cohort (n = 80) and the Rotterdam cohort (n = 26). r = two-tailed Spearman 
correlation coefficient. p ≤ 0.05 considered significant. Significant correlations are indicated as bold. 
Negative associations are underlined. 

 

 

 

 

In UM, the group of three miRs were not only positively related to HLA Class I and TAP1 

expression, but also with the HLA-transcription factors CIITA, NLRC5, IRF1, and IRF8. We 

suggest that a group of miRs suppress HLA expression and that during tumour progression 

(associated with addition of copies of chromosome 8q and loss of one chromosome 3 and loss of 

BAP1 expression) the HLA-suppressive miRNAs are lost and the stimulatory ones get expressed. 

While affecting HLA expression, miRNAs may also function as oncogenes, affecting proliferation, 

and as regulators of inflammation, influencing the influx of inflammatory cells during tumour 

progression. Such a function has been attributed to eg. miR-330, which has a tumour suppressive 

role in ovarian cancer, being able to downregulate MAPK signaling and ERK proteins [57], but 

also influencing inflammation: a forced expression of miR-330 led to the inhibition of oxidative 

stress and inflammation in macrophages [58]. Overall, we report two patterns for the expression 

of miRNA in UM, both related to the tumour chromosome/BAP1 expression status: one showing 

a relation between an increase in specific miRNAs and infiltrate, the other an opposite relationship. 

When looking at the miRNAs that are increased in UM that display inflammation, two options 

appear: as both miRNAs as well as leukocytes are present in a higher concentration in M3 tumours, 

it may be that we are looking at expression of miRNAs in infiltrating leukocytes. Another option 

is that loss of chromosome 3/BAP1 led to an upregulation of certain miRNAs in the UM cells 

themselves, which subsequently influenced the influx of inflammatory cells and led to 

upregulation of HLA antigens. It is clear that the genetic make-up of the tumour greatly influences 

miR expression and may thereby regulate HLA expression and inflammation. Using the TCGA 

gene expression data, Sharma et al. [59] observed that a cluster of miRNAs was embedded in the  

miRNA 
  HLA-A  HLA-B  TAP1 

Leiden 
(n = 64) 

TCGA 
(n = 80) 

Rotterdam 
(n = 26) 

Leiden 
(n = 64) 

TCGA 
(n = 80) 

Rotterdam 
(n = 26) 

Leiden 
(n = 64) 

TCGA 
(n = 80) 

Rotterdam 
(n = 26) 

miRNA-22 <0.001 0.003 0.17 <0.001 <0.001 0.24 0.06 0.002 0.74 
miRNA-155 <0.001 <0.001 0.08 <0.001 <0.001 0.07 <0.001 <0.001 0.02 
miRNA-125-B2 0.04  0.007 0.02  0.05 0.15  0.004 
miRNA-211 0.004  0.05 0.04  0.11 0.002  0.005 
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3′UTR region of the BAP1 gene. They analysed which miRNAs would best bind to BAP1 and its 

mutations. These BAP1-associated miRNAs affected at least 69 target genes. Among them were 

e.g., histone deacetylases (HDAC1, HDAC2, HDAC3 and HDAC4), and immune regulators such 

as TGFbeta1, TNF, and NFkB1, RELA and RELB. We have described associations between 

upregulation of the NFkB pathway and these molecules in UM with BAP1 loss [49]. Their 

miRNAs differed from the ones we identified. The loss of one chromosome 3 has for a long time 

been associated with a worse prognosis in UM [1]. It has been shown that a mutation in BAP1 on 

chromosome 3 is similarly associated with a bad prognosis, leading to loss of BAP1 expression. 

We previously described an association between chromosome 3/BAP1 loss and inflammatory 

phenotype in UM [10,12,13], which has been confirmed by others [11,60,61]. We therefore 

propose that BAP1 loss may influence the presence of miRs, which may regulate inflammation. 

We propose a functional network of miRs, some of which have a pro-inflammatory role, as seen 

for miRs miR-22, miR-155, and miR-635, and some which have an anti-inflammatory function, 

or are just bystanders. However, both groups seem to be regulated by BAP1. It may be interesting 

to use the identified infiltrate-associated miRNAs to reduce local inflammation and decrease the 

level of cytokine production at the tumour site. Furthermore, it is important to look at other types 

of RNA: in addition to coding genes which may contribute to the development of UM, and 

miRNAs, non-coding genes that express non-translating RNAs such as lncRNA’s have also been 

shown to be involved in the pathogenesis of this disease. The long non-coding RNA LINC00518, 

controlled by MITF, has been shown to be involved in the progression of UM [62] while RHPN1­

AS1 was an inducer of migratory characteristics [63]. 

5. Conclusions 

We have identified two patterns of miRNAs: a set of miRNAs are either related to an up- or to a 

downregulation of HLA Class I expression, TAP1, and an inflammatory infiltrate in UM, while 

both show a relation to chromosome 3 status and BAP1 expression. Specific miRNAs may 

therefore be regarded as immune-stimulatory miRNAs, while others act as immune-suppressants. 

The upregulated miRNAs may serve as therapeutic targets, while the downregulated miRs could 

be investigated for their potential to inhibit inflammation. Taken together, our study provides the  
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basis to consider the miRNAs as important regulators of inflammation in UM, under the regulation 

of BAP1.  
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Figure   S1. The expression levels of six different miRNAs (A-F) were compared to the mRNA levels of 
TAP1 in 64 Uveal Melanoma in the Leiden cohort. Three pro-inflammatory miRNAs (miR-22, 155 and 
635) show positive as-sociations while three anti-inflammatory miRNAs (miR-330, 599, and 1228) show 
negative associations. Spearman cor-relation. p ≤0.05 was considered significant. 
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Table S1. Characteristics of patients and tumours in the Leiden cohort of 64 uveal melanoma used in the 

miRNA study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Number 
of Cases  % of Cases  

Gender 
Male 

Female 

 
33  
31  

 
51% 
49% 

Age (Years) at Enucleation (SD) 
≤60 
>60 

 
30  
34  

 
47% 
53%   

Cell Type 
Spindle 

Mixed/epithelioid  

 
22 
41 

 
33% 
62% 

Largest Tumour Diameter (LBD) in mm 
  < 13.0 (median) 
  ≥ 13.0 (median) 

 
27  
37 

 
42% 
58% 

Tumour Prominence in mm 
  < 8.0 (median)  
  ≥ 8.0 (median)  

 
29 
35 

 
45% 
55% 

Ciliary Body Involvement 
Not involved 

Involved 

 
40 
24 

 
62% 
37% 

cTNM Stage  
Stage I-IIB 

Stage IIIA-IIIC 

 
37 
25 

 
58% 
39% 

Metastasis 
No 
Yes 

 
26 
38 

 
41% 
59% 
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Table S2. Correlation between different miRNAs and HLA Class I in UM (n = 64). r = two-tailed 
Spearman correlation coefficient. p ≤ 0.05 considered significant and indicated as bold. Shaded in 
��������������������������;������������������������������������������������������������������������
���������������������������������������������������������������������������������������������� 

HLA-A pr1 HLA-A pr2 HLA-A pr3 HLA-B 

R p R p R p R p 

mir-let7-B-HG -.038 .76 -.049 .70 -.102 .42 -.025 .84 
mir-let7-G -.091 .47 -.089 .48 -.090 .48 -.103 .42 
mir-7-3-HG -.302 .01 -.302 .01 -.275 .03 -.274 .03 
mir-10-A -.162 .20 -.063 .62 -.145 .25 -.176 .16 
mir-17-HG -.208 .10 -.095 .45 -.095 .46 -.070 .58 
mir-18-B -.235 .06 -.303 .01 -.255 .04 -.270 .03 
mir-21 -.227 .07 -.194 .12 -.116 .36 -.122 .32 

.569 <.001 .654 <.001 .565 <.001 .600 <.001 
-.191 .13 -.257 .04 -.199 .12 -.255 .04 
-.213 .09 -.106 .41 -.181 .15 -.148 .24 
-.197 .12 -.153 .23 -.229 .07 -.159 .21 
-.324 .009 -.242 .05 -.367 .003 -.263 .04 
-.147 .24 -.095 .46 .011 .93 -.080 .53 
-.088 .49 .019 .88 -.061 .63 .028 .83 
-.339 .006 -.384 .002 -.263 .04 -.340 .006 
-.296 .08 -.209 .10 -.180 .15 -.250 .04 
-.125 .32 -.104 .41 -.124 .33 -.107 .40 
-.090 .48 -.042 .74 -.105 .41 -.108 .39 
-.254 .04 -.300 .02 -.272 .03 -.288 .02 
.038 .76 -.052 .68 .007 .96 -.020 .87 
-.242 .05 -.201 .11 .007 .96 -.132 .30 
.000 1 -.008 .95 .010 .94 -.023 .86 
-.132 .30 -.073 .57 -.122 .34 -.109 .39 
.536 <.001 .579 <.001 .619 <.001 .686 <.001 
-.142 .26 -.287 .02 -.171 .18 -.227 .07 
-.313 .01 -.217 .08 -.219 .08 -.282 .02 
-.154 .23 -.142 .26 -.159 .21 -.148 .24 
.025 .85 -.081 .52 -.024 .85 -.005 .97 
-.180 .15 -.128 .31 -.130 .31 -.164 .20 
.042 .74 -.079 .53 -.007 .96 -.007 .96 
-.351 .004 -.381 .002 -.354 .004 -.262 .04 
-.127 .32 -.142 .26 -.197 .12 -.133 .29 
-.085 .50 -.048 .70 -.033 .80 .048 .71 
.043 .74 .058 .65 .071 .58 .029 .82 
.363 .003 .229 .07 .133 .30 .250 .05 
-.067 .60 -.046 .72 -.089 .49 -.135 .29 

*mir-22-HG
mir-25
mir-29-B1
mir-30-D
mir-31
mir-34-A
mir-96
mir-98
mir-100-HG
mir-106-A
mir-125-B1
mir-125-B2
mir-129-2
mir-130-A
mir-135-B
mir-149
*mir-155-HG
mir-181-C
mir-185
mir-194-1
mir-199-B
mir-202
mir-203
mir-211
mir-212
mir-215
mir-218-2
mir-219-2
mir-221
mir-297 -.052 .68 -.048 .70 .017 .90 .020 .88 
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mir-300 -.096 .44 -.139 .27 -.293 .02 -.261 .04 
mir-302-C .157 .21 .029 .82 .100 .43 .094 .46 
mir-302-D -.322 .01 -.243 .05 -.269 .03 -.271 .03 
mir-320-C1 .094 .46 .078 .54 -.003 .98 -.030 .81 
mir-330 -.404 .001 -.541 <.001 -.415 .001 -.400 .001 
mir-335 .011 .93 .067 .60 -.066 .60 -.081 .53 
mir-342 -.012 .92 -.085 .51 -.093 .47 -.005 .97 
mir-345 -.195 .12 -.198 .12 -.209 .10 -.190 .13 
mir-361 -.229 .07 -.301 .02 -.285 .02 -.333 .007 
mir-365-A .129 .31 .065 .61 .153 .23 .037 .77 
mir-369 -.094 .46 -.089 .48 -.062 .62 -.047 .71 
mir-373 -.049 .70 -.149 .24 -.083 .52 -.106 .41 
mir-382 .119 .35 .196 .12 .166 .19 .189 .13 
mir-423 .153 .23 .192 .13 .094 .46 .172 .17 
mir-429 .210 .10 .243 .05 .115 .36 .221 .08 
mir-448 -.138 .28 -.052 .69 -.052 .69 -.058 .65 
mir-450-A1 -.172 .17 -.160 .21 -.226 .07 -.209 .10 
mir-454 -.357 .004 -.241 .05 -.237 .06 -.279 .03 
mir-486 -.046 .72 -.108 .40 -.048 .70 -.161 .20 
mir-488 -.343 .005 -.545 <.001 -.397 .001 -.377 .002 
mir-489 .209 .10 .240 .06 .181 .15 .230 .07 
mir-496 -.049 .70 -.076 .55 -.150 .24 -.121 .34 
mir-504 -.084 .51 .036 .78 .022 .86 -.075 .56 
mir-505 -.147 .25 -.156 .22 -.054 .67 -.049 .70 
mir-507 -.415 .001 -.442 <.001 -.239 .06 -.333 .007 
mir-518-E -.015 .91 .101 .43 .146 .25 .121 .34 
mir-525 -.098 .44 .048 .71 -.030 .81 -.028 .83 
mir-526-A2 -.386 .002 -.214 .09 -.212 .09 -.244 .05 
mir-539 -.272 .03 -.103 .42 -.229 .07 -.229 .07 
mir-541 .136 .28 .161 .21 .102 .42 .154 .22 
mir-551-A -.053 .68 .001 .99 -.064 .62 -.096 .45 
mir-557 -.043 .74 -.189 .13 -.135 .29 -.115 .37 
mir-558 -.114 .37 -.084 .51 -.063 .62 -.065 .61 
mir-559 .008 .95 .047 .71 -.063 .62 .072 .57 
mir-564 -.306 .01 -.353 .004 -.308 .01 -.363 .003 
mir-568 -.147 .24 -.195 .12 -.181 .15 -.133 .30 
mir-574 .167 .18 .178 .16 .252 .04 .176 .16 
mir-576 -.138 .28 -.039 .76 -.006 .96 -.006 .96 
mir-577 .093 .47 .087 .49 .137 .28 .123 .33 
mir-586 -.427 <.001 -.557 <.001 -.441 <.001 -.466 <.001 
mir-590 -.129 .31 -.007 .96 -.070 .58 -.104 .41 
mir-593 -.087 .50 -.166 .19 -.149 .24 -.204 .11 
mir-599 -.386 .002 -.570 <.001 -.462 <.001 -.490 <.001 
mir-600-HG -.391 .001 -.310 .01 -.409 .001 -.372 .002 
mir-604 -.139 .27 -.115 .36 -.117 .36 -.161 .20 
mir-607 -.307 .013 -.409 .001 -.362 .003 -.352 .004 
mir-630 .117 .36 .253 .04 .207 .10 .194 .12 
mir-631 .030 .81 .084 .51 .056 .66 .036 .77 

.383 .002 .375 .002 .322 .009 .371 .003 *mir-635
mir-637 .080 .53 .170 .18 .075 .56 -.039 .76 
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mir-638 -.003 .98 .001 .10 .007 .96 .004 .97 
mir-639 -.018 .89 -.026 .84 .008 .95 -.019 .88 
miR-640 -.065 .61 -.144 .26 -.159 .21 -.105 .41 
mir-642-A -.141 .27 -.128 .31 -.210 .10 -.134 .29 
mir-645 -.017 .89 .030 .81 .065 .61 -.070 .58 
mir-657 -.074 .56 -.069 .59 -.184 .15 -.077 .54 
mir-708 -.029 .82 .009 .94 -.031 .81 .016 .90 
mir-759 .091 .47 .009 .94 .113 .37 .009 .94 
mir-760 .155 .22 .159 .21 .145 .25 .167 .19 
mir-877 -.005 .97 .110 .38 .102 .42 .092 .47 
mir-933 -.158 .21 -.166 .19 -.209 .10 -.197 .12 
mir-939 .140 .27 .085 .51 .172 .17 .162 .20 
mir-940 .063 .62 -.017 .89 .036 .78 .037 .77 
mir-943 -.086 .50 -.043 .74 -.059 .64 .031 .81 
mir-1208 -.138 .28 -.183 .15 -.088 .49 -.145 .25 
mir-1224 .065 .61 .198 .12 .220 .08 .138 .28 
mir-1228 -.428 <.001 -.564 <.001 -.469 <.001 -.521 <.001 
mir-1237 -.079 .53 .051 .69 .002 .99 .059 .64 
mir-1246 -.005 .97 .077 .55 .073 .57 .024 .85 
mir-1247 -.132 .30 -.109 .40 -.176 .16 -.120 .34 
mir-1253 .025 .85 .111 .38 .094 .46 .109 .39 
mir-1258 -.325 .009 -.420 .001 -.229 .07 -.332 .007 
mir-1267 .041 .75 -.001 .10 -.001 .10 .023 .86 
mir-1269-A -.108 .40 .077 .54 .010 .94 -.078 .54 
mir-1271 -.215 .09 -.151 .23 -.135 .29 -.180 .15 
mir-1275 -.258 .04 -.197 .12 -.266 .03 -.249 .05 
*mir-1276 .129 .31 .242 .05 .299 .02 .249 .05 

-.135 .29 -.076 .55 -.066 .60 -.108 .39 
.081 .53 .117 .36 .140 .27 -.018 .88 
-.078 .54 .064 .61 .009 .95 -.003 .98 
-.059 .64 -.223 .08 -.163 .20 -.121 .34 
-.124 .33 .073 .57 .025 .85 -.022 .86 
.125 .32 .111 .38 .088 .49 .085 .50 
-.123 .33 -.101 .43 -.071 .58 -.181 .15 
-.121 .34 -.062 .63 -.019 .88 -.054 .67 
.055 .67 -.034 .79 -.080 .53 -.061 .63 
-.041 .75 .059 .64 -.170 .18 -.070 .58 

mir-1277
mir-1281
mir-1282
mir-1323
mir-1537
mir-1909
mir-1914
mir-1915
mir-2115
mir-2116
mir-2278 -.022 .86 -.114 .37 -.075 .56 -.078 .59 
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Table S3. Correlation between the miRNAs (which are not associated with HLA Class I) with TIL and 
TAM markers in UM (n=64). r = two-tailed Spearman correlation coefficient. p ≤0.05 considered 
significant and indicated in bold. 

   
CD3E 

 
CD4 

 
CD8A 

 
CD68 

 
CD163 

  R  p  R  p  R  p  R  p  R  p 
miR­let7­B­HG  .160 .20 -.067 .60 .068 .60 .188 .14 -.121 .34 
miR­let7­G  -.092 .47 .061 .63 -.025 .85 .012 .93 .048 .71 
miR­10­A  -.073 .56 -.033 .79 -.080 .53 -.179 .16 -.022 .86 
miR­17­HG  -.010 .94 -.098 .44 .000 .10 .087 .49 -.095 .46 
miR­21  -.132 .30 .057 .65 -.015 .91 -.096 .45 .042 .74 
mir­25  -.183 .15 -.159 .21 -.106 .41 -.233 .06 -.197 .12 
mir­29­B1  -.078 .54 -.140 .27 -.126 .32 .042 .74 -.028 .82 
mir­30­D  -.151 .23 -.169 .18 -.215 .09 -.164 .20 -.195 .12 
mir­34­A  -.199 .12 -.069 .59 -.026 .84 -.032 .80 -.041 .74 
mir­96  -.040 .75 .057 .66 -.022 .86 .080 .53 -.023 .86 
mir­100­HG  -.176 .16 -.276 .03  -.191 .13 -.191 .13 -.141 .27 
miR­106­A  .012 .93 -.003 .98 .095 .45 -.036 .78 -.056 .66 
mir­125­B1  -.073 .57 .080 .53 -.050 .70 -.116 .36 .045 .72 
miR­129­2  -.103 .42 -.131 .31 -.186 .14 -.343 .005  -.031 .80 
mir­130­A  -.011 .93 -.016 .90 -.022 .86 -.038 .76 .077 .54 
mir­135­B  -.046 .72 .091 .47 .109 .39 .032 .80 .015 .90 
miR­149  -.072 .57 -.097 .44 -.113 .37 .100 .43 -.035 .78 
mir­181­C  -.064 .61 -.013 .92 -.208 .10 -.223 .08 .151 .23 
mir­185  -.304 .01  -.265 .03  -.302 .01  -.298 .02  -.040 .76 
mir­194­1  -.010 .94 -.193 .13 -.055 .67 .047 .71 -.250 .05 
mir­199­B  .052 .68 -.249 .05  -.125 .32 -.179 .16 -.252 .04 
mir­202  -.097 .44 -.010 .94 -.146 .25 -.221 .08 .084 .51 
mir­203  .201 .11 .067 .60 .064 .61 -.026 .84 -.031 .81 
mir­212  -.232 .06 -.125 .32 -.160 .21 -.220 .08 -.040 .75 
mir­215  -.031 .81 -.269 .03  -.010 .93 -.059 .64 .022 .86 
miR­218­2  .200 .11 .100 .43 .171 .18 .051 .69 .184 .14 
mir­219­2  .254 .04  .344 .005  .113 .38 .229 .07 .230 .07 
mir­221  -.210 .10 -.238 .06 -.200 .11 -.290 .02  -.067 .60 
mir­297  -.006 .96 -.112 .38 .029 .82 -.036 .78 -.057 .65 
mir­300  -.148 .24 -.029 .82 -.223 .08 -.141 .26 -.081 .53 
mir­302­C  .236 .06 .057 .65 .239 .06 .139 .27 .093 .46 
mir­320­C1  -.034 .79 .075 .56 -.026 .84 .064 .61 .101 .43 
mir­335  -.024 .85 -.148 .24 -.042 .74 -.140 .27 -.154 .23 
mir­342  .011 .93 -.154 .22 -.044 .73 -.330 .01  -.182 .15 
mir­345  -.114 .37 -.146 .25 -.158 .21 -.112 .38 -.197 .12 
mir­365­A  .079 .53 -.219 .08 -.006 .96 -.127 .32 -.094 .46 
miR­369  -.299 .02  -.081 .52 -.100 .43 .020 .88 -.125 .32 
mir­373  -.184 .14 -.153 .23 -.207 .10 -.282 .02  -.088 .49 
mir­382  .401 .001  .157 .21 .326 .01  .270 .03  .138 .28 
mir­423  .197 .12 .165 .19 .157 .22 .155 .22 -.149 .24 
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mir­429  .388 .002  -.047 .71 .171 .18 .272 .03  -.151 .23 
mir­448  -.075 .56 -.234 .06 -.042 .74 -.036 .78 -.190 .13 
mir­450­A1  -.119 .35 -.033 .80 -.122 .34 -.108 .40 -.222 .08 
mir­486  -.314 .01  -.176 .16 -.259 .04 -.333 .01  -.001 .99 
mir­489  .048 .70 -.029 .82 .104 .41 .093 .47 .096 .45 
mir­496  -.041 .75 -.132 .30 -.215 .09 -.226 .07 -.189 .14 
mir­504  .086 .50 -.023 .86 .030 .82 .103 .42 .091 .47 
mir­505  -.029 .82 -.057 .65 -.044 .73 -.119 .35 -.052 .68 
mir­518­E  .102 .42 .090 .48 .133 .29 .177 .16 .121 .34 
mir­525  .011 .93 -.080 .53 .098 .44 .171 .18 .041 .75 
mir­526­A2  -.219 .08 -.160 .21 -.011 .93 -.051 .69 -.142 .26 
mir­539  -.207 .10 -.267 .03  -.128 .31 -.158 .21 -.190 .13 
mir­541  .242 .05 .016 .90 .262 .04  -.004 .97 -.035 .78 
mir­551­A  .001 .99 -.024 .85 -.112 .38 .022 .87 .069 .59 
mir­557  -.189 .13 -.208 .10 -.143 .26 -.376 .002  -.191 .13 
mir­558  -.103 .42 -.089 .49 -.054 .67 .043 .74 -.276 .03 
mir­559  .200 .11 .038 .77 .091 .47 .215 .09 .052 .68 
mir­568  .016 .89 -.165 .19 -.108 .39 -.212 .09 -.313 .01 
mir­574  .074 .56 .158 .21 .063 .62 .067 .60 .180 .15 
mir­576  -.183 .15 -.066 .60 .024 .85 -.263 .04  .082 .52 
mir­577  .183 .15 -.059 .65 .084 .51 -.102 .42 .098 .44 
mir­590  .044 .73 -.203 .11 .032 .80 .100 .43 .022 .86 
mir­593  -.175 .17 -.143 .26 -.217 .08 -.157 .22 -.134 .29 
mir­604  .199 .11 .017 .90 .155 .22 .018 .90 .283 .02 
mir­630  .083 .51 .178 .16 .104 .41 .229 .07 .221 .08 
mir­631  .229 .07 .035 .78 .008 .95 .060 .64 -.018 .89 
mir­637  -.054 .67 -.253 .04  -.076 .55 -.069 .59 -.254 .04 
mir­638  .032 .80 -.193 .13 -.032 .80 .088 .49 -.235 .06 
mir­639  -.019 .88 .117 .36 .103 .42 .047 .71 -.018 .89 
miR­640  -.009 .95 -.046 .72 .061 .63 -.156 .22 .029 .82 
mir­642­A  .085 .50 .001 .99 .014 .91 .066 .60 .157 .22 
mir­645  -.170 .18 .054 .67 -.012 .92 -.017 .89 -.035 .78 
mir­657  .077 .54 -.066 .61 -.041 .75 .008 .95 -.144 .26 
mir­708  -.060 .63 -.092 .47 .051 .69 -.116 .36 .011 .93 
mir­759  -.066 .61 -.134 .29 .031 .81 -.042 .74 -.125 .32 
mir­760  .141 .27 .290 .02  .125 .32 .169 .18 .359 .004 
miR­877  -.025 .85 .043 .74 .153 .23 .259 .04  .093 .46 
mir­933  .023 .85 -.106 .40 -.133 .30 -.071 .58 -.159 .21 
mir­939  .205 .10 .106 .41 .223 .08 .104 .41 .109 .39 
mir­940  .144 .25 .011 .93 .040 .75 .198 .12 .044 .73 
mir­943  -.006 .96 -.053 .67 -.045 .72 -.069 .59 .074 .56 
miR­1208  .052 .68 -.185 .14 .001 .99 -.336 .01  .052 .68 
miR­1224  .157 .22 .161 .20 .262 .04  .085 .51 .227 .07 
miR­1237  .145 .25 .138 .28 .156 .22 .245 .05  .242 .05 
miR­1246  -.002 .99 -.135 .29 -.072 .57 -.008 .95 -.084 .51 
miR­1247  -.149 .24 -.178 .16 -.105 .41 -.160 .21 -.230 .07 
miR­1253  .059 .64 .140 .27 .032 .80 .227 .07 .144 .26 
mir­1267  .107 .40 -.042 .74 .173 .17 -.013 .92 -.178 .16 
mir­1269­A  -.011 .93 -.078 .54 .114 .37 .011 .93 .088 .49 
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Table S4. Correlation between miRNA gene expression and HLA Class I and infiltrate markers in a cohort 
�������������������������������;�����������������������p ≤ 0.05 considered significant and indicated as 
bold. 

 

 

 

 

 
 
mir­1271 

 
-.204 

 
.11 

 
-.339 

 
.006 

 
-.217 

 
.08 

 
-.201 

 
.11 

 
-.169 

 
.18 

mir­1277  -.117 .36 .089 .48 .010 .94 -.088 .49 .201 .11 
mir­1281  -.240 .06 -.117 .36 -.091 .47 -.277 .03  .159 .21 
mir­1282  -.081 .52 .011 .93 .059 .64 .026 .84 -.034 .79 
mir­1323  -.019 .88 -.104 .41 -.096 .45 -.003 .98 -.174 .17 
mir­1537  .033 .79 .033 .79 .022 .86 .113 .37 .019 .88 
mir­1909  .121 .34 .101 .43 .027 .83 .015 .91 .102 .42 
mir­1914  -.065 .61 -.053 .68 -.044 .73 -.082 .52 -.066 .60 
mir­1915  -.082 .52 -.116 .36 -.180 .15 .071 .58 -.132 .30 
mir­2115  .043 .73 .053 .68 -.031 .81 -.110 .39 -.117 .36 
mir­2116  .042 .74 .020 .88 -.024 .85 .240 .06 -.243 .05 
mir­2278  .002 .99 -.127 .32 -.237 .06 -.175 .17 .020 .87 

   
Descriptive  

 
HLA­A 

 
HLA­B 

 
TAP1 

 
CD4 

 
CD8 

 
CD163 

 Mean      SD  R  p  R  p  R  p  R  p  R  p  R  p 
mir­125B1_3p  9 12 -.248 .29 -.116 .63 -.392 .09 -.247 .29 -.373 .10 -.420 .06 
mir­125b2_3p  36 24 -.585 .007  -.456 .05  -.617 .004  -.473 .03  -.317 .17 -.441 .05 
mir­125b_5p  1088 2358 -.525 .02  -.359 .12 -.620 .004  -.411 .072 -.360 .12 -.469 .04 
mir­155_5p  94 100 .397 .08 .415 .07 .502 .02  .526 .02  .308 .19 .355 .12 
mir­18B_5p  45 38 -.403 .08 -.156 .51 -.268 .25 -.144 .543 -.237 .31 -.271 .25 
mir­211_3p  273 141 -.420 .06 -.316 .17 -.580 .007  -.524 .02  -.489 .03  -.397 .08 
mir­211_5p  26040 14088 -.442 .05  -.364 .11 -.605 .005  -.594 .006  -.449 .05  -.403 .08 
mir­22_5p  268 113 .317 .17 .275 .24 .080 .74 .066 .78 .105 .66 -.027 .91 
mir­31_3p  9 12 -.180 .45 -.206 .38 -.080 .74 .160 .502 .159 .50 -.033 .89 
mir­31_5p  75 76 -.077 .75 -.009 .97 .117 .62 .287 .22 .271 .25 -.036 .88 
mir­361_3p  539 214 .395 .08 .389 .09 .499 .02  .187 .43 .513 .02  .149 .53 
mir­361_5p  1351 515 -.314 .17 -.346 .13 -.392 .09 -.548 .01  -.283 .23 -.302 .19 
mir­454_3p  202 43 .006 .98 .042 .86 .111 .64 -.157 .51 -.002 .99 -.152 .52 
mir­507  65 117 -.200 .40 -.111 .64 -.210 .37 -.136 .57 -.012 .96 -.267 .25 
mir­7_1_3p  55 27 -.414 .07 -.227 .34 -.411 .07 -.276 .24 -.191 .42 -.205 .39 
mir­98_3p  23 7 -.239 .31 -.223 .35 -.432 .06 -.351 .13 -.136 .57 -.319 .17 
mir­98_5p  270 64 .388 .09 .389 .090 .120 .61 .011 .96 .196 .41 -.023 .92 
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Simple Summary: Uveal melanoma (UM) is a rare type of intraocular malignancy, which often 

gives rise to metastases. While treatment with immune checkpoint inhibitors is often effective in 

the treatment of cutaneous melanoma metastases, it is hardly effective in case of UM metastases. 

Lymphocyte Activation Gene 3 (LAG3) is a recently ����������� ������� ����������;� ���

determined the distribution of LAG3 expression and its ligands in three sets of primary UM. High 

risk UM (epithelioid cell type, loss of chromosome 3/BAP1 staining) had a higher expression of 

LAG3 and its ligands, which correlated with the presence of infiltrating immune cells. We 

conclude that LAG3 is especially expressed in high risk UM and may be a target for adjuvant 

immunotherapy in UM. 

Abstract 

Uveal melanoma (UM) is a rare ocular malignancy which originates in the uveal tract, and often 

gives rise to metastases. A potential target for immune checkpoint inhibition is Lymphocyte-

Activation Gene 3 (LAG3). We set out to analyse the distribution of this immune checkpoint and 

its ligands in UM. Expression of mRNA was determined using an Illumina array in 64 primary 

UM from Leiden. The T lymphocyte fraction was determined by digital droplet PCR. In a second 

cohort, mRNA expression was studied by Fluidigm qPCR, while a third cohort consisted of 80 

UM from TCGA. In the Leiden cohort, LAG3 expression was associated with the presence of 

epithelioid cells (p = 0.002), Monosomy of chromosome 3 (p = 0.004), and loss of BAP1 staining 

(p = 0.001). In Leiden and the TCGA, LAG3 expression correlated positively with expression of 

its ligands: LSECtin, Galectin-3, and the HLA Class II molecules HLA-DR, HLA-DQ, and HLA-

DP (all p < 0.001).  

Furthermore, the LAG3 ligands Galectin-3 and HLA Class II were higher in monosomy 3 tumours 

and expression of LAG3 correlated with the presence of an inflammatory phenotype (T cell 

fraction, macrophages, HLA-A and HLA-B expression: all p < 0.001). High expression levels of 

LAG3 (p = 0.01), Galectin-3 (p = 0.001), HLA-DRA1 (p = 0.002), HLA-DQA1 (p = 0.04), HLA-

DQB2 (p = 0.03), and HLA-DPA1 (p = 0.007) were associated with a worse survival.  

We conclude that LAG3 shows a higher expression in high risk Monosomy 3 UM than in low risk 

Disomy 3 tumours, and that this expression is strongly correlated with expression of its ligands  



LAG3 and its ligands show increased expression in high-risk Uveal Melanoma

173

 

 

Galectin-3 and HLA Class II. The distribution suggests a potential benefit of anti-LAG3 

monoclonal antibodies as adjuvant treatment in patients with high risk UM. 

Keywords: Uveal Melanoma, Inflammation, Metastasis, Immunotherapy, LAG3 

Introduction 

Uveal Melanoma (UM) is a rare ocular malignancy which is especially seen in people with a fair 

skin and light eyes [1, 2]. Up to 50% of patients develop metastases and no improvement in 

survival has occurred over the last 50 years [3, 4]. The presence of an inflammatory phenotype is 

associated with a bad prognosis and involves the presence of a mixed leukocytic infiltrate, which 

is made up of tumour-infiltrated lymphocytes (TIL), tumour-associated macrophages (TAM), and 

an increased HLA Class I and II expression [5-9]. In spite of the presence of large numbers of 

lymphocytes and macrophages, local immune responses are not effective against intraocular 

�������� ���� ��� ���� �������� ������ ������� ���� ����������� ���������;� ��������� ���� ��������� ���

infiltrating leukocytes seems to stimulate growth [10-12]. In order to get an effective immune 

response, it is important to find the reason behind the unresponsiveness of the immune cell 

population. T cell responses are modulated through binding of stimulatory and inhibitory ligands 

to cell surface receptors. Some of these ligands are known as immune checkpoints, which can 

prevent immune overstimulation and auto-immune responses. Well-known immune checkpoints 

are Cytotoxic T-Lymphocyte-Associated Protein 4 (CTLA-4) and Programmed Cell Death 

Protein-1 (PD-1) [13, 14]. Another immune checkpoint is Lymphocyte Activation Gene-3 

(LAG3), which is present on the surface of T cells, NK cells, and plasmacytoid dendritic cells [15]. 

The LAG3 protein forms a stable connection with HLA Class II via its 30-amino acid loop 

structure, and selectively binds to peptide-containing Major Histocompatibility Class II (MHC II) 

molecules [16, 17]. Under normal circumstances, LAG3 may help to prevent auto-immune 

responses, or excessive responses against virus infections [18]. However, tumour cells may use 

immune checkpoints to avoid immune recognition and exhaust cytotoxic T cells. LAG3 is highly 

associated and synergistic with PD-1 as it is co-expressed with this immune checkpoint on CD4 

and CD8 T cells: one study found that more macrophages, CD3, CD4, and CD8 T cells were 

present in murine tumours when LAG3 and PD-1 were both knocked out, which suggests that the  
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combined deletion of these two factors alters regulator T cell homeostasis while enhancing tumour 

immunity [19]. 

Recently, Durante et al. called attention to the potential role of LAG3 in UM, indicating that LAG3 

may be the dominant “exhaustion” marker in this malignancy [20]. Single cell RNA sequencing 

showed that most CD8 cytotoxic T cells in UM expressed LAG3 at a high level. The authors 

suggested that this was the reason that anti PD-1 and anti-CTLA-4 therapies had not been effective 

[21, 22]. Several studies have addressed the beneficial usage of anti-LAG3 therapy in different 

malignancies: one monoclonal anti-LAG3 antibody, IMP321, was able to activate Antigen-

Presenting Cells (APCs) and T cells in breast cancer [23]. Another anti-LAG3 therapeutic 

approach proved efficacious with a high safety profile when it was combined with anti-PD-1 

blockade in cutaneous melanoma patients [24, 25]. Many different trials, especially combining 

antibodies against different immune checkpoints, are ongoing. While LAG3 is expressed on 

regulator T cells, it may interact with multiple cell surface receptors, such as LSECtin, Galectin-

3, and HLA Class II. In general, the effectiveness of targeted therapies is influenced by the 

expression of the target and this would also apply to the use of monoclonal antibodies against 

������������������;�������������������������������������� expression of LAG3 and its ligands 

in primary UM to determine which tumours can be a target for adjuvant therapy. 

 

2. Materials and Methods 

2.1. Study Population 

UM tissue was obtained from two groups of patients from the Leiden University Medical Center 

(LUMC) in Leiden, The Netherlands: the first group consisted of 64 patients who underwent an 

enucleation for UM between 1999 and 2008, of which 51% were male and 49% female.  

The mean age at the time of enucleation was 61 years. The mean follow-up time (defined as the 

time period between enucleation and death) was 83 months (range 2 to 229 months). Follow-up 

was updated in 2020. At the end of follow up, 17 (27%) patients were alive, 37 (58%) patients had 

died because of metastasis, four (6%) had died because of other causes and six (9 %) had died but 

������������������������������;�������������������������������������������������������������� 
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enucleation for UM at the LUMC between 2016 and 2017: 60% of these patients were male while 

40% were female. The mean age at the time of enucleation was 59 �����;����������������-up time 

was 26 months (range 9 to 34 months). At the end of follow up, 13 (87%) patients were alive, 

while 2 (13%) patients had died because of metastases. We also looked at mRNA levels of tumours 

included in the TCGA database (n=80) [9]. 

2.2. Chromosome Status 

DNA was isolated by using the QIAmp DNA Mini kit (Qiagen, Venlo, The Netherlands). Chromo-

some 3 aberrations were detected by SNP analysis using the Affymetrix 250K_NSP and 

Affymetrix SNP 6.0 array [26, 27]. 

2.3. Illumina array 

Gene expression was determined with the Illumina HT12v4 array (Illumina, Inc., San Diego, CA, 

US) for LAG3, Galectin-3, LSECtin, HLA Class II (DRalpha, DQalpha1, DQbeta2, DPalpha1), 

and immune cell markers (CD3, CD4, CD8, CD68, CD163), as described previously [28]. 

2.4. T lymphocyte fraction 

The T cell fraction was obtained as previously described, by using a Digital Droplet PCR (ddPCR) 

assay directed at a specific locus of the TCR-β gene [12, 29]. 

2.5. Fluidigm qPCR 

Fluidigm qPCR (Fluidigm Corporation, South San Francisco, CA, USA) was performed on 15 

UM tumours, as previously described [30]. Briefly, total RNA (50–200 ng) was used for cDNA 

����������������������������������������� ���� ���������������������������������������������

Taqman Preamp master mix ��������������������������������������������������������������

primer mix for 14 cycles. QPCR reactions were performed using Eva-green dye and final results 

were collected using the BioMark HD system (Fluidigm).  Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH), β-actin, Hypoxanthine Phosphoribosyltransferase 1 (HPRT­1), 

Ribosomal Protein L13a (RPL13a) and Hydroxymethylbilane Synthase (HMBS) were used as 

reference genes. The geometric mean of these references genes was used to standardize the gene 

expression signals of interest. The normalized data were log-transformed using Z-scores. 
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2.6. Statistical Analysis 

Data were analyzed by SPSS version 22.0 (SPSS, nc., Chicago, Il, USA). Graphs were obtained 

by GraphPad Prism version 5.0 for windows (GraphPad Software, La Jolla, CA, USA). Spearman 

correlation was performed for correlations between non-parametric data. The Mann-Whitney U 

test was used to compare non-normal groups. A log-rank test was used for the significance analysis 

of survival graphs. 

3. Results

3.1. Association between LAG3 and high risk characteristics of UM 

We compared the expression level of LAG3 with the distribution of clinico-pathological 

characteristics in a cohort of 64 cases of UM from Leiden, The Netherlands. For this, we first 

sorted LAG3 expression from lowest to highest and observed two potential inflection points 

(Figure 1). We subsequently separated the cohort into two groups, with expression below and 

above the inflection point of 6.87. Forty-six tumours fell into the low expression group, and 18 

into the high expression group. LAG3 expression was increased in cases with age >60 years (p = 

0.04), in the presence of epithelioid cells (p = 0.002), loss of BAP1 staining (p = 0.001) (Table 1), 

and chromosome 3 loss (Monosomy 3, p = 0.004) (Figure 3). 

Figure 1. LAG3 expression in UM. The LAG3 expression level of 64 UM as seen in an Illumina 
���������������������������������;�������������������������������������������������������������
inflection point of 6.87 to divide the cases into a low and high expression group. 



LAG3 and its ligands show increased expression in high-risk Uveal Melanoma

177

Table 1. LAG3 expression compared to clinico-pathological and genetic characteristics of a set of 64 UM. 
Groups were separated according to the inflection point of 6.87. L = low expression, H = high expression. 
Using Pearson's Chi Square test, p ≤0.05 is considered significant. Numbers in brackets represent percent-
ages. 

Number of Patients (%) 

Clinical and Histopathologic Characteristics 
L H P 

Gender 
Male 

Female 
23 (36%) 
23 (36%) 

10 (16%) 
 8 (12%) 0.69 

Age (Years) at Enucleation (SD) 
≤60 
>60

26 (41%) 
20 (31%) 

 5 (      8%) 
13 (20%)  0.04 

Cell Type 
Spindle 

Mixed/epithelioid  
21 (33%) 
25 (37%) 

 1 (       1%) 
17 (26%) 0.002 

Largest Tumour Diameter (LBD) in mm 
  < 13.0 (median) 
>= 13.0 (median) 

20 (31%) 
26 (41%) 

  7 (11%) 
11 (17%) 0.74 

Tumour Prominence in mm 
  < 8.0 (median)  
>= 8.0 (median) 

24 (37%) 
22 (34%) 

  5 (        8%) 
13 (20%) 0.08 

Ciliary Body Involvement 
Not involved 

Involved 
31 (48%) 
15 (23%) 

 9 (14%) 
 9 (14%) 0.20 

cTNM Stage (n = 62) 
Stage I-IIB 

Stage IIIA-IIIB 
27 (43%) 
17 (27%) 

10 (16%) 
 8 (13%) 0.67 

Metastasis 
No 
Yes 

22 (34%) 
24 (37%) 

 4 (       6%) 
14 (22%) 0.06 

BAP1 status (n = 55) 
BAP1 staining positive 
 BAP1 staining negative 

24 (44%) 
15 (27%) 

 1 (          2%) 
15 (27%) 0.001 
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3.2 Association between LAG3 and cell surface ligands 

As LAG3 on T lymphocytes binds to ligands on APCs or tumour cells, we subsequently analysed 

which tumours express these ligands. LAG3 is known to form stable complexes with different cell 

surface receptors such as LSECtin, Galectin-3, and HLA Class II isoforms. In our cohort of 64 

UM, the expression of LSECtin and Galectin-3 was positively correlated with LAG3 (both p 

<0.001). Messenger RNA expression levels of the HLA Class II genes (HLA-DRalpha, HLA-

DQalpha, and HLA-DQbeta2 and HLA-DPalpha1) were positively associated with LAG3 

expression (all p ≤0.001) (Figure 2; supplemental Table 1A). 

In order to validate our findings, we made the same analysis using the TCGA database of 80 UM 

samples [9] and found almost identical results: LAG3 expression showed a positive correlation 

with LSECtin, Galectin-3, HLA-DRalpha, HLA-DQalpha, HLA-DQbeta2, and HLA-DPalpha (all 

p ≤0.001) (Supplemental Table 1B). 

Figure 2. Correlation between LAG3, LSECtin, Galectin-3, and HLA-DRalpha in 64 UM from Leiden co-
�������������������������������������������������������������������������������;������������������
lation was applied. 
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3.3. LAG3 and inflammatory phenotype 

As chromosome status is related to the presence of an inflammatory phenotype, we checked the 

associations of LAG3 with immune cell markers: LAG3 showed a positive association with the 

presence of TILs and TAMs (Spearman correlation coefficient, CD3E R = 0.727, CD4 R = 0.596, 

CD8A R= 0.832, CD68 R = 0.542, CD163 R = 0.485, all p <0.001), as well as with HLA-Class I 

expression (HLA-A probe 1 R= 0.712, HLA-A probe 2 R= 0.731, HLA-B R= 0.791, all p <0.001) 

�����������������������;�����������������������������������������������������������������������

1B). As mRNA and RNAseq data show expression levels but not cell numbers, we additionally 

looked at the T cell fraction as determined using a specifically-developed ddPCR that quantifies 

the rearranged T cell genes [12, 29]. A good correlation was present between LAG3 levels and the 

tumour’s T lympocyte fraction (R= 0.553, p < 0.001, Figure 2D).   

3.4. UM with Monosomy 3 express higher levels of LAG3 ligands than with Disomy 3  

As we had found a positive association between LAG3 expression and its ligands, and an 

association between LAG3 and loss of BAP1 expression/the presence of Monosomy 3, we 

wondered whether the ligands would similarly show associations with high risk tumour 

characteristics. When looking at the Leiden 64-case cohort, expression of Galectin-3 (p = 0.002), 

of one of the probes for HLA-DRalpha (p = 0.02), of HLA-DQbeta2 (p = 0.02) and of HLA-

DPalpha (p = 0.01) was significantly higher in high risk M3 tumours compared to low risk D3 

tumours (Figure 3). 

In the TCGA cohort, we observed similar correlations: M3 tumours showed a higher expression 

than D3 tumours for LAG3, LSECtin, Galectin-3, HLA-DRalpha, HLA-DQalpha, and HLA-

DPalpha (all p = 0.001, Mann-Whitney U test).  

As a control for having used mRNA/RNAseq expression levels, we analysed an additional 15 UM 

from Leiden by Fluidigm qPCR, and compared the expression of LAG3, HLA-DR, and Galectin-

3 between D3 vs M3 tumours (Table 2). Similar to prior results, the mean value of LAG3 (p = 

0.004) and HLA-DR (p = 0.004) was higher in M3 than in D3 tumours while this was not the case 

for Galectin-3 (p = 0.61). 
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Figure 3. Comparison of gene expression of LAG3, LSECtin, Galectin-3, and several HLA Class II 
�����������������������������������������������������������������;���������������������������
applied. Horizontal bars indicate mean gene expression. 

��������������������������������������������������������������������������������������������������
���������������������������������������������p ≤ 0.05 is considered significant (indicated in bold). 

3.5. Association between LAG3 and its ligands with survival 

�������������� ��� ���������������� �������� �������������� ����� ��������� ���� ��������� ��������

������������������������������������������������������������������������������������������������

Leiden set of 64 UM (Figure 4). �����������������������������������������������������������������

D3 (n=9) M3 (n=6) 

Mean ± SD Mean ± SD p 

LAG3  4 ± 3 98. ± 80 0.004 

Galectin-3 1179 ± 1489 581± 345 0.61 

HLA-DR 721 ± 606 4953 ± 4751 0.004 

0

5

10

15

20

  LAG3    LSECtin    Galectin-3    HLADRA-pr1    HLADRA-pr2    HLADQA    HLADQB2    HLADPA

P=0.01

P=0.10

P=0.002

P=0.06
P=0.02

P=0.10

P=0.02

M3

P=0.004

D3

in
te

ns
ity

 v
al

ue
s 

(l
og

2)



LAG3 and its ligands show increased expression in high-risk Uveal Melanoma

181

point into high and low, p = 0.01), Galectin-3 (split at the median, p =  0.001), HLA-DRalpha (split 

at the median, p =  0.002), HLA-DQalpha (split at the median, p = 0.04), HLA-DQbeta2 (split at 

the median, p = 0.02) and HLA-DPalpha (split at the median, p = 0.007) were associated with a 

significantly worse metastasis-related survival, while mRNA expression levels of LSECtin (not 

shown) did not show an association with survival (p =  0.39). 

Figure 4. Kaplan-Meier survival curves based on mRNA expression of LAG3, Galectin-3, and HLA Class 
II molecules. A log-rank test was used for the significance analysis. 
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3.6. LAG3 and immunemodulators 

Combining several monoclonal antibodies directed against checkpoint inhibitors as treatment 

might boost the overall response to therapy in patients [24, 25]. We therefore decided to look at 

the correlation between expression of LAG3 and other immune-modulators: LAG3 showed a 

positive correlation with PD-1 (two-tailed Spearman correlation coefficient R = 0.655, p < 0.001), 

CTLA-4 (R = 0.298, p =  0.02), IDO-1 (R = 0.759, p < 0.001) and one of the probes of TIGIT (R 

= 0.413, p = 0.001), while it did not show a significance association with TIGIT second probe (R 

= -0.207, p = 0.10) (Supplemental Table 1A). Even higher associations were seen in the TCGA 

cohort (Supplemental Table 1B). 

4. Discussion

High risk primary UM is associated with inflammation and its metastases are non-responsive to 

most current immunotherapy approaches. A treatment for metastases is eagerly awaited: many 

different studies have tested anti-PD-1 and anti-CTLA-4 therapies in UM patients but results have 

been unsatisfactory, especially in comparison with metastasized cutaneous melanoma, with very 

few complete or partial responses [31-33]. As tumours with a high risk of developing metastases 

can be recognized because they carry specific chromosome aberrations and mutations, developing 

an early adjuvant therapy for preventing metastases would be most welcome. Such an adjuvant 

treatment has proved useful in treating cutaneous melanoma patients [34]. Chromosome 3/BAP1 

loss is a leading event in the development of the highest risk UM, which often give rise to 

metastases. A strong association has been observed between Chromosome 3/BAP1 loss and an 

inflammatory phenotype, consisting of a mixed arrangement of leukocytes and enhanced 

inflammation [7, 8, and 35].  

The immune checkpoint that we investigated here is LAG3, which is expressed on a wide range 

of lymphocytes. We found that high levels of LAG3 expression in UM were positively associated 

with high risk tumour parameters, such as epithelioid/mixed cell type and chromosome 3/BAP1 

loss, and the presence of inflammatory cells. Although we and others have previously indicated 

that there are more T cells and macrophages in M3 than D3 tumours, this association between 

LAG3 and Monosomy 3 has as far as we know not yet been described [7, 9, 27]. A high expression 

of LAG3 and of its ligands was found to be associated with bad survival.  
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Recently, the group of Harbour commented that LAG3 was the most dominant immune checkpoint 

molecule in UM [20]. They studied a small series of primary UM and metastases by single cell 

RNAseq analysis. It might be that the CD8 cytotoxic T cell population in UM is functionally 

exhausted by the LAG3-signaling cascade. Such a situation was described in follicular lymphoma, 

with T cells forming a heterogenic population: some of the T cells which expressed PD-1 were 

also LAG3-positive. The PD-1+LAG-3+ CD8 population was poor in cytokine production 

compared to the group which was LAG3 negative and hence was immunologically non-����������;�

moreover, in accordance to what we found in UM, the high level of LAG3 correlated with worse 

survival in this disease [36]. Hoefsmit recently described that liver metastases from UM patients 

often contain LAG3-expressing lymphocytes [37]. 

One of the ligands for LAG3 is LSECtin which is a member of the Selectin family, and is highly 

expressed in liver tissue [38]. In one study, LSECtin was expressed on murine B16 melanoma 

cells: interaction between LSECtin and LAG3 led to inhibition of Interferon γ (IFNγ) secretion by 

CD8 T cells and reduced their cytotoxic activity, promoting tumour growth [39]. We found 

positive associations of this protein with the expression of LAG3 (p<0.001), but no significant 

difference between D3 and M3 tumours. Galectin-3 is a type of Lectin with immune checkpoint 

inhibitory activity through its capacity to bind to LAG3 on CD8+ effector T cells. It can serve as 

a chemoattractant for macrophages and is reported to be highly expressed during inflammation 

[40]. One biological process in which this protein might be involved is the suppression of T cell-

mediated lysis: Galectin-3 was shown to interact with LAG3 present on CD8 cells in pancreatic 

ductal adenocarcinoma. Depletion of Galectin-3 improved CD8 cytotoxicity [41]. In cutaneous 

melanocytic lesions, melanoma and metastases more often displayed nuclear and cytoplasmic 

Galectin-3 than naevi [42]. In accordance to what we observed, Galectin-3 has been identified as 

a marker for a low overall survival of different cancers such as colorectal, ovarian, and non-small 

cell lung cancer, serving as an anti-apoptotic, proangiogenic and invasive agent [43]. It has been 

reported that Galectin-3 promotes ocular inflammation and when knocked down decreases 

angiogenesis signaling pathways in human endothelial cells [44]. From these studies and the 

association of elevated expression of Galectin-3 and LAG3, we can assume that the interaction  
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between Galectin-3/LAG3 may take place in UM and may be a cause for the blunted activity of 

CD8 cells. 

A third set of LAG3 ligands is made up of the HLA Class II antigens, which are expressed on 

tumour cells, antigen-presenting cells, and a subset of T cells. These heterodimer cell surface 

molecules consist of alpha and beta chains. The HLA antigens can present antigens to CD4 T cells 

through binding to their T cell receptors. HLA Class II molecules consist of three isotypes: DR, 

DQ, and DP which differ slightly in structure [45, 46]. Cutaneous melanoma cells express high 

levels of HLA Class II, which have been shown to inhibit T cell anti-tumoural activity through 

their LAG3 receptor [47]. In UM, HLA Class II is expressed in primary UM and carries prognostic 

significance [6]. In 1988, Jager et al. reported that HLA Class II is expressed in UM although less 

than HLA Class I. Our prior study showed that HLA-DQ was associated with increased numbers 

of infiltrating TILs [48]. When we compared expression levels between D3 and M3 tumours in the 

64-case Leiden cohort, most Class II molecules were higher in high risk M3 tumours. We

confirmed that HLA Class II expression was enhanced in M3 tumours by analysing the TCGA 

study and by testing a second Dutch cohort of fifteen UM using Fluidigm PCR. It has been reported 

that HLA-DR is the dominant isoform for antigen-restricted T cell stimulation with HLA-DQ 

contributing less in different diseases [49-51]. 

IFNγ is a strong inducer for HLA Class II molecules in UM [52]; we suggest a positive feedback 

loop between the tumour cells HLA Class II expression, and the infiltrate: genetically bad tumours 

with loss of one chromosome 3 and a mutation in the BAP1 gene upregulate surface LAG3 ligands 

(LSECtin, Galectin-3, and HLA Class II) to attract T cells which express LAG3. High risk M3 

tumours not only contain more infiltrating lymphocytes and macrophages, but also express higher 

levels of immune check-point inhibitors: we show that LAG3 is co-expressed with other immune 

checkpoints (PD-1, CTLA-4, and IDO-1), suggesting that the combination of anti-checkpoint 

therapies might be more appropriate in UM than single anti-checkpoint antibodies, as others also 

find this appropriate in other diseases such as cutaneous melanoma [24]. 



LAG3 and its ligands show increased expression in high-risk Uveal Melanoma

185

 

 

5. Conclusions 

Taken together, our data demonstrate elevated levels of LAG3 checkpoint expression in high risk 

M3 tumours and associations between LAG3 expression and bad prognosis. Moreover, we indicate 

that a positive association is found between expression of LAG3, its ligands, and other immune 

checkpoints. As increased levels of CD8 cells are present in the same tumours, suggesting that 

LAG3 could be considered as a potential silencer for CD8 T cell cytotoxicity in UM. 
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Supplementary Table 1. Correlation between mRNA expression levels (determined by Illumina array) of 
LSECtin, Galectin-3, HLA Class II genes and infiltrate markers versus expression of LAG3 in: A. the 
Leiden cohort (n=64), and B. the TCGA cohort (n = 80). R = two-tailed Spearman correlation coefficient. 

 

 

 

 

 

 

 

 

 
A.  Leiden 

cohort 

 
LAG3 

 R  p 
LSECtin .428 <0.001 
Galectin-3 .672 <0.001 
HLA-DRalpha-pr1 .633 <0.001 
HLA-DRalpha-pr2 .669 <0.001 
HLA-DQalpha1 .607 <0.001 
HLA-DQbeta2 .735 <0.001 
HLA-DPalpha1 .619 <0.001 
CD3 .727 <0.001 
CD4 .596 <0.001 
CD8 .832 <0.001 
CD68 .542 <0.001 
CD163 .485 <0.001 
HLA-A-pr1 .712 <0.001 
HLA-A-pr2 .731 <0.001 
HLA-B .791 <0.001 
PD-1 .655 <0.001 
CTLA-4 .298 0.02 
IDO-1 .759 <0.001 
TIGIT-pr1 .413 .001 
TIGIT-pr2 -.207 .10 

 
B.  TCGA 

cohort 

 
LAG3 

 R  p 
LSECtin .579 <0.001 
Galectin-3 .666 <0.001 
HLA-DR-alpha .780 <0.001 
HLA-DQalpha1 .787 <0.001 
HLA-DQbeta2 .665 <0.001 
HLA-DPalpha1 .805  <0.001 
CD3 .886 <0.001 
CD4 .609 <0.001 
CD8 .846 <0.001 
CD68 .301 .007 
CD163 .638 <0.001 
HLA-A .773 <0.001 
HLA-B .796 <0.001 
PD-1 .878 <0.001 
CTLA-4 .690 <0.001 
IDO-1 .838 <0.001 
TIGIT .831 <0.001 
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Summary and discussion 

While Uveal Melanoma (UM) is quite rare, it is often a deadly disease, with 50% of UM patients 

developing metastases (Augsburger 2008). The increased risk of metastases is associated with loss 

of one chromosome 3 and a mutation in the BAP1 gene in the tumour cells (Harbour 2010), while 

other genetic factors such as additional copies of chromosome 8q or mutations in the SF3B1 gene 

also play a role (Versluis 2015, Yavuzyigitoglu 2016). Loss of one chromosome 3/BAP1 

expression in UM is associated with the presence of an inflammatory phenotype, although the 

mechanism that leads to inflammation has not yet been properly identified (Robertson 2017, 

Gezgin 2017). The survival rate of UM has not improved over the last five decades (Roelofsen 

2021), and even the introduction of the new immune checkpoint inhibitors has not led to improved 

survival of UM patients (Rodrigues 2019).  

The purpose of this thesis is to increase insight into the regulation of inflammation in UM. We 

study the main features of the inflammatory phenotype in UM (the presence of tumour-infiltrating 

lymphocytes and macrophages and the expression of HLA antigens), analysing the relation of 

these factors with the NFkB system, epigenetic HDAC regulators and miRNAs, and finally the 

relation with the LAG3 immune checkpoint molecule.  

A comprehensive overview regarding the HLA system in UM showed that the level of HLA 

expression is determined by tumour genetics (chapter  2). HLA molecules are cell surface 

glycoproteins that present antigens to the immune system. This molecular mechanism can be 

hijacked by tumour cells and expression of HLA molecules downregulated to avoid T cell 

recognition. While specific HLA antigens may be downregulated, the overall expression of HLA 

antigens in UM may be upregulated: a high expression of HLA Class I and II is associated with 

high-risk tumour characteristics (de Waard-Siebinga 1996, Blom 1997, Ericsson 2001).  

As already shown by Maat in 2008, upregulation of backbone HLA Class I is seen in tumours with 

loss of chromosome 3 (Maat 2008). However, UM cells might alter the expression of specific 

alleles or loci, which helps to avoid T cell immunity. This could take place at different levels such 

as genetic haplotype loss, individual allele loss and complete HLA-A or HLA-B loss (Hurks 2000, 

Anastassiou 2003). When investigating the expression of individual HLA-A and HLA-B alleles in 
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UM cell lines, we found defects in HLA-B locus which could not be revived by IFNɤ, although a 

genetic analysis showed the presence of the specific genes. This confirmed earlier results (de 

Waard-Siebinga 1995, Hurks 2000).  

Following our review of the published literature about HLA expression as an inducer of metastasis 

in UM, we next investigated the possible role of the NFkB pathway in the inflammation of high-

risk UM (chapter 3). NFkB is a transcription factor activated by inflammatory cytokines which, 

upon activation, is known to enhance the expression of proliferative, anti-apoptotic and pro-

inflammatory downstream genes, affecting cancer cells at an early stage (as reviewed by Taniguchi 

2018). 

Using data from an Illumina mRNA array and long-term follow-up, we analyzed the mRNA 

expression of inflammatory markers in 64 primary UM samples. We found that components of the 

NFkB pathway are positively associated with the expression of HLA-A, HLA-B, major HLA Class 

I regulators including IRF1 and IRF8, and components of the antigen-processing machinery TAP1 

and TAP2. Moreover, we highlighted the fact that the NFkB pathway is associated with infiltrating 

inflammatory cells, and with the tumour’s chromosome/mutation status: high levels of HLA-A, 

HLA-B, NFkB1 and NFkB2 expression were associated with loss of one chromosome 3 and loss 

of expression of BAP1, which characterizes high-risk tumours. It may be that upon chromosome 

3 loss combined with a BAP1 mutation, the inflammatory pathway loses its normal regulation. It 

is important to consider the possible role of PPAR-ɤ in NFkB regulation: this gene is located on 

chromosome 3 and may therefore be influenced by chromosome 3 loss. The reason for the high 

expression of NFkB pathway components in M3 tumours might be explained by insufficient 

negative regulation provided by PPAR-ɤ.  

Inflammatory cytokines such as TNF-α, IL-1 and IL-17 can upregulate NFkB in colon cancer 

�������� �����;� �ere in UM, similarly, the inflammatory cytokines might contribute to the 

upregulation of this signalling pathway in the tumour cell which in turn can lead to the upregulation 

of HLA Class I and secretion of chemoattractants, thereby further enhancing local inflammation.  

In addition to genetic aberrations, epigenetic changes may also alter gene expression. Identifying 

epigenetic alterations in high-risk UM is very important as the effects could be reversed by certain  
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drugs, and specific changes have been associated with the risk of metastases development 

(Robertson 2017). Different types of epigenetic regulation have been observed in the development 

of different cancers such as cutaneous melanoma, with DNA methyltransferases and Histone 

deacetylases playing a major role (Sigalotti 2010).   

In chapter 4, we analysed the distribution of a wide range of histone deacetylase (HDAC) enzymes 

and a histone methyltransferase, enhancer of zeste homolog 2 (EZH2), and compared the level of 

their expression between low and high-risk UM tumours (disomy 3 = D3 vs monosomy 3 = M3 

tumours). Some HDACs (HDAC1, HDAC3, HDAC4, and HDAC8) were higher while HDAC11 

was lower in M3 compared to D3 tumours. The high expression of HDACs in high-risk UM 

tumours could be a possible mechanism for the enhancement of inflammation since HDAC 

enzymes have been shown to play a stimulating role in NFkB and IFNɤ signalling (Shakespear 

2011). The association between a low expression of HDAC11 and M3 can be explained by the 

location of the HDAC11 gene on chromosome 3.  

Because we found that HDACs are expressed in UM and are co-expressed with HLA Class I, we 

focused on the potential use of a combination of immunotherapy and anti-HDAC chemotherapy. 

To take an initial step towards this idea, we performed in-vitro studies using the HDAC inhibitor 

Quisinostat, which reduced cell growth in all three tested UM cell lines (Heijkants 2017). Although 

Quisinostat reduced UM cell growth, it also modified the expression of HLA Class I gene 

expression, increasing it both at the protein and mRNA level. The upregulation of HLA Class I is 

possibly due to the drugs ability to open the chromatin structure by inhibiting de-acetylation and 

increasing gene expression. This could have consequences: if the metastasis has already developed 

and reached the liver, the use of this drug could enhance HLA Class I expression and thereby T 

�������������� �����;� ��� ����� ���� �������� ������� ��� ��������� ����� ����� ������ ����������� ��� ����

progression of the disease by further upregulation of HLA Class I, which may block NK cell-

mediated lysis in the blood.  

As we observed that especially high-risk UM showed a high expression of different epigenetic 

HDAC enzymes, together with upregulation of HLA Class I, we wondered whether HDAC 

expression is also associated with the presence of infiltrating leukocytes. Indeed, the expression of 

some of the HDACs (1, 3 and 8) was related to the presence of lymphocytes (chapter 5).  
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These HDACs were subsequently identified as being susceptible to upregulation by IFNɤ. This 

also explains the positive correlation observed between several HDACs and the loss of one copy 

of chromosome 3: it is likely that not only HLA expression but also expression of these HDACs 

is stimulated by the secretion of inflammatory cytokines.  

Not only HDACs are involved in epigenetic regulation, but there are many other regulators as well. 

In chapter  6 we focused on a set of non-translational RNAs named miRNAs as epigenetic 

regulators. MiRNAs have been shown to be involved in the progression of UM (reviewed by Smit 

2019). We looked at the distribution of 125 miRNAs for which we had Illumina array expression 

information from 64 UM and investigated their association with different factors related to the 

inflammatory characteristics in UM. Since we know from previous studies that elevated HLA 

Class I expression is related to a bad prognosis and chromosome 3 loss, we wondered whether we 

could find any associations between miRNA expression and HLA-A and HLA-B expression 

levels. We found that among the 125 miRNAs, 24 showed significant associations: four miRNAs 

(22, 155, 635, and 1276) were positively correlated with HLA-A and HLA-B expression, while 

the other 21 miRNAs showed a negative correlation. Moreover, miRNAs with a positive 

association with HLA expression were often upregulated in M3 UM, while the opposite pattern 

existed for many of the downregulated miRNAs. 

Loss of chromosome 3 together with a mutation in the BAP1 gene probably affects the normal 

miRNA regulatory network: the upregulated miRNAs might be involved in silencing tumour 

suppressors and act as positive regulators of inflammatory pathways (Onco-miRs) while the 

miRNAs which are lower in M3 UM may have an opposite role (a tumour-suppressive role). 

It has been reported that inflammation can modify miRNA expression: the level of mir-192 

�������������������������������������������������������������������;��������������������������������

miRNA was the inflammatory chemokine, macrophage inhibitory peptide (MIP)-2α (Wu 2008). 

Despite the presence of immune cells in UM, the local immune responses seem to be ineffective. 

In order to mount an anti-tumour action, it is very important to increase the knowledge on how 

immune cells and especially CD8 T cells are regulated. The immune checkpoint Lymphocyte 

activation gene-3 (LAG3) has recently been shown to be highly expressed in UM (Durante 2020).  
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Immune checkpoints are cell surface inhibitory receptors that normally control autoimmune 

reactions in the body.  

In chapter 7, we studied LAG3 expression in 64 primary UM samples from the Leiden cohort and 

verified our results using an independent cohort of another set of 15 tumours from Leiden and 80 

samples from the TCGA cohort. With the knowledge that loss of chromosome 3 contributes to 

inflammation, we hypothesized that this cell surface inhibitory receptor would be especially 

expressed in M3 tumours and therefore could be used as a target for anti-immune checkpoint 

therapy. We found that elevated levels of LAG3 are associated with the presence of prognostically-

bad markers such as an epithelioid cell type, loss of chromosome 3 and loss of BAP1 expression. 

Positive associations were found between LAG3 and the presence of tumour-infiltrating immune 

cells.  

LSECtin, HLA Class II and Galectin-3 are ligands of LAG3. We found that HLA Class II 

molecules are highly correlated with LAG3. In addition to HLA Class I, HLA Class II expression 

is also linked to higher numbers of infiltrating T cells (Jager 1988) and metastasis formation 

(Ericsson 2001, Krishnakumar 2003). In addition to HLA Class II molecules, we also found 

Galectin-3 to have an increased expression in M3 tumours. This lectin has been shown to decrease 

the cytotoxic activity of CD8 cells (Kouo 2015).  

It has been proposed that one of the mechanisms behind the exhaustion of CD8 cells is the 

upregulation of LAG3 ligands on the tumour, attracting LAG3-positive infiltrating lymphocytes 

into the tumour microenvironment and transmitting inhibitory signals to them (Durante 2020, 

Figueiredo 2020). 

As especially high-risk UM carry high numbers of tumour-infiltrating lymphocytes (TILs) and 

tumour-associated macrophages (TAM), the high LAG3 distribution in these tumours suggests a 

potential benefit of anti-LAG3 monoclonal antibodies as adjuvant treatment in patients with high-

risk UM. 
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Conclusions and future perspective 

In this thesis, we focus on the role of different factors that may enhance the inflammatory 

phenotype in UM and we investigate how an anti-tumour immune attack might be disabled in this 

disease. We aim to increase the knowledge of the pathogenesis of inflammation in order to define 

possible new therapeutic targets.  

Inflammation is a protective strategy of the body which normally shuts down after healing a 

wound. One-fourth of all cancers are caused by chronic inflammation (as reviewed by Coussens 

�����;���ronic inflammation fails to heal the tumour (Dvorak 1986). Inflammation is associated 

with the development of metastasis in UM. In recent years, different studies have identified several 

genetic prognostic markers highly associated with inflammation, including chromosome 

aberrations such as loss of chromosome 3, extra copies of chromosome 8q gain, as well as 

mutations, causing loss of BAP1 expression. This information classifies tumours into different risk 

subtypes and could help to identify patients who might be candidates for neoadjuvant trials and 

frequent screening. It is important to increase knowledge concerning different molecular factors 

related to these genetic abnormalities to understand why inflammation occurs in this disease.   

Our results show t������������������������������������������������������������������������������;�

upregulation of HLA-Class I was associated with upregulation of NFkB pathway components, 

with upregulation of a specific group of HDACs and with several specific miRNAs. All of these 

are upregulated in high-risk M3/BAP1-negative tumours. An exception is HDAC11, which is 

located on chromosome 3, and is downregulated in tumours with loss of chromosome 3.  

The deregulation observed in different epigenetic modulators and the NFkB pathway might be 

connected: for example, the inhibition of HDAC enzymes in non-small cell lung cancer reduced 

�����������������������������������������;��������������-155 which we found to be increased in 

M3 tumours with positive correlation with HLA Class I, is shown to be up-regulated by NFkB in 

lung cancer (Chiu 2016). 

Based on the results of this, we hypothesise that loss of chromosome 3/BAP1 expression induces 

HLA expression through upregulation of the NFkB pathway and epigenetic reprogramming. The 

latter involves HDACs and miRNA to recruit infiltrating macrophages and lymphocytes to the  
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microenvironment, exhausting their cytotoxic activity via LAG3/HLA Class II or Galectin-3 

interaction and at the same time using immune cells as a source of growth factors. This leads to 

more inflammation in the microenvironment and increases angiogenesis and subsequently 

metastatic spreading.   

One central regulator may be the presence of ischemia. Jehs (Jehs 2014) showed that stimulation 

of UM cell lines led to the secretion of monocyte-attracting cytokines, while Bronkhorst proposed 

that it was the presence of ischemia which led to the production of pro-inflammatory cytokines 

(Bronkhorst 2014). Brouwer (Brower 2019) recently showed that ischemia is seen more often in 

UM with M3/loss of BAP1. It is interesting to see that drugs that interfere with a very important 

ischemia-induced cytokine, namely HIF-1 alpha, are being developed and tested for UM (Dong 

2019). 

Many questions remain, such as the question of whether chromosome 3/BAP1 loss and subsequent 

increases in HLA Class I expression on the tumour cells lead to the attraction of immune cells. Or 

is it the inflammatory microenvironment that upregulates HLA Class I expression and enhances 

genomic instability in UM? Understanding the main reason for the presence of immune cells in 

the eye is critical to understand the pathogenesis of this disease to be able to design proper anti-

inflammatory strategies. 

We hope our attempts have been useful towards the understanding of the regulation of 

inflammation in uveal melanoma and that it will benefit survival of UM patients. 
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Samenvatting en discussie (Nederlandse) 

Hoewel het oogmelanoom (uveaal melanoom, afgekort UM) vrij zeldzaam is, is het vaak een 

dodelijke ziekte, waarbij 50% van de UMpatiënten metastasen zal ontwikkelen (Augsburger 

2008). Het verhoogde risico op uitzaaiingen gaat vaak samen met verlies van één kopie van 

chromosoom 3 met tegelijkertijd een mutatie in het BAP1 gen in de tumorcellen (Harbour 2010). 

Daarnaast spelen andere genetische factoren, zoals extra kopieën van chromosoom 8q of mutaties 

in bv. het SF3B1-gen, ook een rol (Versluis 2015, Yavuzyigitoglu 2016). Verschillende 

onderzoeken hebben aangetoond dat verlies van één kopie van chromosoom 3/BAP1 expressie in 

UM geassocieerd is met ontsteking in de tumor, hoewel het mechanisme dat leidt tot een 

inflammatoir fenotype nog niet is geïdentificeerd (Robertson 2017, Gezgin 2017). De 

overlevingskans van de UM patiënt is de afgelopen vijf decennia niet verbeterd (Roelofsen 2021) 

en zelfs de introductie van de nieuwe immuuncheckpoint remmers heeft niet geleid tot een betere 

overleving van UM patiënten (Rodrigues 2019). 

Het doel van dit proefschrift is om meer inzicht te krijgen in de regulatie van ontstekingen in UM. 

We bestudeerden de belangrijkste kenmerken van het inflammatoire fenotype in UM (de tumor-

infiltrerende lymfocyten en macrofagen en de expressie van HLA antigenen) en onderzochten de  

relatie met oa. het NFkB systeem, epigenetische regulatoren (HDACs) en miRNA's, en tenslotte 

met checkpoint inhibitor LAG3. 

In een uitgebreid overzicht van het HLA systeem in UM laten wij zien dat het niveau van HLA 

expressie wordt bepaald door tumorgenetica (hoofdstuk 2). HLA moleculen zijn glycoproteïnen 

op het celoppervlak die antigenen aan het immuunsysteem presenteren. Dit moleculaire 

mechanisme kan door tumorcellen worden gekaapt om herkenning door T cellen te voorkomen. 

Hierdoor kan de expressie van specifieke HLA antigenen ontbreken. Bij een ontstekingsfenotype 

van het UM is echter de algehele expressie van HLA antigenen vaak verhoogd: een hoge expressie 

van HLA-klasse I en II wordt geassocieerd met tumorkenmerken met een hoog risico op uitzaaiing 

(de Waard-Siebinga 1996, Blom 1997, Ericsson 2001). 

Zoals Maat al in 2008 liet zien, wordt opregulatie van HLA Klasse I gezien bij tumoren met verlies 

van één kopie van chromosoom 3 (Maat 2008). Er kan echter verlies van specifieke allelen of loci  
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optreden. Dit kan op verschillende niveaus plaatsvinden: verlies van het gehele haplotype, 

individueel allelverlies of volledig HLA-A of HLA-B verlies op gen niveau (Hurks 2000, 

Anastassiou 2003). Bij het onderzoeken van de expressie van afzonderlijke HLA-A- en HLA-B 

allelen in UM cellijnen vonden we defecten in het HLA-B locus die niet door toevoeging van 

Interferonɤ ongedaan konden worden gemaakt, hoewel een genetische analyse de aanwezigheid 

van de specifieke genen wel aantoonde. Dit bevestigde eerder door onze groep gevonden resultaten  

(de Waard-Siebinga 1995, Hurks 2000), en verdient meer onderzoek. 

Na het bestuderen van de gepubliceerde literatuur over HLA expressie in relatie tot metastasering 

bij UM, onderzochten we de mogelijke rol van de NFkB route in de ontsteking van  UM 

(hoofdstuk  3). NFkB is een transcriptiefactor welke wordt geactiveerd door inflammatoire 

cytokinen waarvan bekend is dat ze, na activering, de expressie van proliferatieve, anti-

apoptotische en pro-inflammatoire genen verbetert, waardoor kankercellen in een vroeg stadium 

worden gestimuleerd (zoals beschreven door Taniguchi 2018). 

Met behulp van data van een Illumina mRNA array, in combinatie met lange follow-up, 

analyseerden we de mRNA expressie van inflammatoire markers in stukjes weefsel van 64 

primaire UM. We ontdekten dat activatie van de NFkB route samengaat met expressie van HLA-

A, HLA-B, belangrijke HLA Klasse I regulatoren, waaronder IRF1 en IRF8, en componenten van 

de antigeenverwerkingsmachines TAP1 en TAP2. Bovendien benadrukten we het feit dat de 

NFkB-route geassocieerd is met de aanwezigheid van infiltrerende ontstekingscellen en met de 

chromosomale en mutatiestatus van de tumor: hoge niveaus van HLA-A, HLA-B, NFkB1 en 

NFkB2 expressie waren geassocieerd met verlies van één kopie van chromosoom 3 en verlies van 

BAP1 expressie, d.w.z. in de categorie van tumoren met een hoog risico. Bij het verlies van één 

kopie van chromosoom 3 in combinatie met een BAP1 mutatie in het resterende chromosoom 3 

kan deze ontstekingsroute zijn normale regulatie verliezen. Het is nutig om de mogelijke rol van 

PPAR-ɤ in NFkB regulatie te overwegen: dit gen bevindt zich op chromosoom 3 en kan daarom 

worden beïnvloed door chromosoom 3 verlies. De reden voor de hoge expressie van NFkB 

pathway componenten in UM met monosomie 3 zou kunnen worden verklaard door de 

onvoldoende negatieve regulatie door PPAR-ɤ. 
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deacetylering te remmen en daarmee genexpressie te verhogen. Dit kan gevolgen hebben: als de 

metastase zich al heeft ontwikkeld en de lever heeft bereikt, kan het gebruik van dit medicijn de 

HLA-klasse I expressie en daarmee de T cel-��������������������������;������������������������

tumor aanwezig is, kan dit medicijn bijdragen aan de progressie van de ziekte door verdere 

opregulatie van HLA-klasse I, die door NK cellen gemedieerde lysis in het bloed kan blokkeren. 

Omdat we zagen dat vooral UM met een hoog risico een hoge expressie van verschillende 

epigenetische HDAC enzymen vertoonden, samen met opregulatie van HLA Klasse I, vroegen we 

ons af of HDAC expressie ook geassocieerd is met de aanwezigheid van infiltrerende leukocyten. 

De expressie van sommige HDAC's (1, 3 en 8) was inderdaad gerelateerd aan de aanwezigheid 

van lymfocyten (hoofdstuk 5). Deze HDAC's werden vervolgens geïdentificeerd als gevoelig voor 

opregulatie door IFNɤ. Dit verklaart ook de positieve correlatie die is waargenomen tussen 

verschillende HDAC's en het verlies van één kopie van chromosoom 3: het is waarschijnlijk dat 

niet alleen HLA expressie, maar ook expressie van deze HDAC's wordt gestimuleerd door de 

secretie van inflammatoire cytokines. 

Niet alleen HDAC's zijn betrokken bij epigenetische regulatie, maar er zijn ook veel andere 

regulatoren. In hoofdstuk 6 hebben wij ons gericht op een reeks niet-translationele RNA's die 

miRNA's worden genoemd. Het is aangetoond dat miRNA's betrokken zijn bij de progressie van 

UM (beoordeeld door Smit 2019). We keken naar de verdeling van 125 miRNA's waarvan wij van 

64 UM expressieinformatie hadden en onderzochten hun associatie met verschillende factoren die 

verband houden met de inflammatoire kenmerken in UM. Omdat we uit eerdere onderzoeken 

weten dat verhoogde HLA Klasse I expressie verband houdt met een slechte prognose en verlies 

van chromosoom 3, vroegen we ons af of we associaties konden vinden tussen miRNA expressie 

en HLA-A en HLA-B expressie. We ontdekten dat van de 125 gemeten miRNA's, er 24 

significante associaties vertoonden: vier miRNA's (22, 155, 635 en 1276) waren positief 

gecorreleerd met HLA-A en HLA-B expressie, terwijl de andere 21 miRNA's een negatieve 

correlatie vertoonden. Bovendien waren miRNA's met een positieve associatie met HLA expressie 

vaak opgereguleerd in M3 UM, terwijl het tegenovergestelde patroon bestond voor veel van de 

gedownreguleerde miRNA's. 
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Verlies van chromosoom 3, in combinatie met een mutatie in het BAP1 gen, beïnvloedt 

waarschijnlijk het normale miRNA regulatienetwerk: de opgereguleerde miRNA's kunnen 

betrokken zijn bij het tot zwijgen brengen van tumorsuppressors en fungeren als positieve 

regulatoren van ontstekingsroutes (Onco-miR's), terwijl de miRNA's die lager zijn in M3 UM een 

tegengestelde rol hebben (een tumoronderdrukkende rol). 

Het kan zijn dat een ontsteking de miRNA expressie zou kunnen wijzigen: het niveau van mir-

192-expressie nam af bij de ontstekingsziekte colitis ul������;�����������������������������������

dit miRNA is het inflammatoire chemokine, Macrofage Inhibiting Peptide (MIP)-2α (Wu 2008). 

Ondanks de aanwezigheid van immuuncellen in UM, lijken de lokale immuunresponsen niet 

effectief te zijn. Om een anti-tumorwerking te verkrijgen is het erg belangrijk om de kennis te 

vergroten over hoe immuuncellen, en vooral CD8 T cellen, worden gereguleerd. Het 

immuuncheckpoint Lymfocyt-Activatingsgene-3 (LAG3) is recentelijk in de belangstelling komen 

te staan (Durante 2020). 

Immuuncheckpoints zijn receptoren op het celoppervlak die normaal gesproken auto-

immuunreacties in het lichaam afremmen. In  hoofdstuk  7 hebben we de LAG3-expressie 

bestudeerd in weefsel van 64 primaire UM van het Leidse cohort en onze resultaten geverifieerd 

met behulp van een onafhankelijk cohort van een andere set van 15 tumoren uit Leiden en 80 

tumoren van de TCGA studie. Met de kennis dat verlies van één kopie van chromosoom 3 bijdraagt 

aan ontsteking, veronderstelden we dat deze checkpoint inhibitor vooral tot expressie zou worden 

gebracht in M3 tumoren en daarom zou kunnen worden gebruikt als een doelwit voor behandeling 

met checkpoint remmers. We ontdekten dat verhoogde niveaus van LAG3 geassocieerd zijn met 

de aanwezigheid van prognostisch slechte markers, zoals een epithelioïd celtype, verlies van 

chromosoom 3 en verlies van BAP1 expressie. Er werden positieve associaties gevonden tussen 

LAG3 en de aanwezigheid van tumor-infiltrerende immuuncellen. 

LSECtin, HLA Klasse II en Galectin-3 zijn liganden van LAG3. We ontdekten dat expressie van 

HLA klasse II-moleculen sterk correleert met LAG3. Naast HLA Klasse I wordt HLA Klasse II 

expressie ook in verband gebracht met hogere aantallen infiltrerende T cellen (Jager 1988) en 

metastasevorming (Ericsson 2001, Krishnakumar 2003). Naast HLA Klasse II-moleculen vonden  
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we ook dat Galectin-3 een verhoogde expressie heeft in M3 tumoren. Van dit lectine is aangetoond 

dat het de cytotoxische activiteit van CD8 cellen verlaagt (Kouo 2015). 

Er is voorgesteld dat één van de mechanismen achter de uitputting van CD8 cellen de opregulatie 

van LAG3 liganden op de tumor is, waardoor LAG3-positieve T cellen worden aangetrokken en 

remmingssignalen naar hen worden overgebracht (Durante 2020, Figueiredo 2020). 

Aangezien UM met een bijzonder hoog risico grote aantallen tumor-infiltrerende lymfocyten 

(TIL's) en tumor-geassocieerde macrofagen (TAM) bevat, suggereert de hoge LAG3 distributie in 

deze tumoren een mogelijk voordeel van anti-LAG3-monoklonale antilichamen als adjuvante 

behandeling bij patiënten met UM met hoog risico. 

Conclusie en toekomstperspectief 

In dit proefschrift hebben wij ons gericht op de rol van verschillende factoren bij de versterking 

van het inflammatoire fenotype in UM en onderzochten wij hoe anti-tumor immuunaanvallen bij 

deze ziekte worden uitgeschakeld. We willen de kennis van de pathogenese van ontsteking 

vergroten om mogelijke nieuwe therapeutische doelen te definiëren. 

Ontsteking is een beschermende strategie van het lichaam die normaal gesproken stopt na het 

genezen van een wond. Een kwart van alle kankers wordt veroorzaakt door chronische 

��������������������������������������������������;������������������������������������������

tumor niet en stopt daarom niet bij kanker (Dvorak 1986). Ontsteking wordt geassocieerd met de 

ontwikkeling van metastasen in UM. In de afgelopen jaren hebben verschillende onderzoeken 

verschillende genetisch voorspellende markers geïdentificeerd die sterk geassocieerd zijn met 

ontsteking, waaronder chromosoomafwijkingen zoals verlies van één kopie van chromosoom 3 en 

extra kopieën van de lange arm van chromosoom 8, evenals mutaties, die verlies van BAP1-

expressie veroorzaken. Deze informatie classificeert tumoren in verschillende risicosubtypes en 

kan helpen bij het identificeren van patiënten die mogelijk in aanmerking komen voor 

neoadjuvante therapie en frequente screening. Het is belangrijk om de kennis over verschillende 

moleculaire factoren die door deze genetische afwijkingen worden beïnvloed te vergroten om te 

begrijpen waarom er bij deze ziekte ontstekingen optreden. 
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Onze resultaten laten zien dat veel verschillende mediatoren collectief ontregeld zijn in ontstoken 

tumoren: opregulatie van HLA-klasse I was geassocieerd met opregulatie van de NFkB pathway, 

met opregulatie van een specifieke groep HDAC's en met verschillende specifieke miRNA's. Deze 

zijn allemaal opgereguleerd in M3/BAP1-negatieve tumoren met een hoog risico. Een 

uitzondering is HDAC11, dat zich op chromosoom 3 bevindt en dat lager tot expressie komt in 

tumoren met verlies van chromosoom 3. 

De deregulering die wordt waargenomen in verschillende epigenetische modulatoren en de NFkB 

route kunnen met elkaar in verband staan: de remming van HDAC enzymen bij niet-kleincellig 

����������� ������������ ������������� ��� ������������� ���� ����� ������ �����;� ���������� ���

aangetoond dat mir-155, waarvan wij vonden dat het verhoogd was in M3 tumoren met een 

positieve correlatie met HLA Klasse I, bij longkanker wordt opgereguleerd door NFkB (Chiu 

2016). 

Op basis van de resultaten van dit proefschrift veronderstellen wij dat verlies van één kopie van 

chromosoom 3/BAP1-expressie leidt tot een hogere HLA expressie door opregulatie van de NFkB-

route en epigenetische herprogrammering. Dit kan er dan toe leiden dat HDACs en miRNA 

leukocyten aantrekken, waar de lokale microenvironment vervolgens hun cytotoxische activiteit 

uitput via een interactie met LAG3/HLA klasse II of Galectin-3 en tegelijkertijd de uitgeputte 

immuuncellen gebruikt als bron voor voedings- en groeifactoren om de angiogenese aan te zetten. 

Dit verhoogt de kans op metastasen. 

Een centrale regulator kan de aanwezigheid van ischemie zijn. Jehs (Jehs 2014) toonde aan dat 

stimulatie van UM cellijnen leidde tot de afscheiding van cytokines die monocyten aantrekken, 

terwijl Bronkhorst met in vitro proeven liet zien dat het de aanwezigheid van ischemie was die 

leidde tot de productie van pro-inflammatoire cytokines (Bronkhorst 2014). Brouwer (Brouwer 

2019) toonde onlangs aan dat ischemie vaker voorkomt in UM met M3/verlies van BAP1. Het is 

interessant om te zien dat geneesmiddelen die interfereren met een zeer belangrijk ischemie-

geïnduceerd cytokine, HIF-1 alfa, nu worden getest voor toepassing bij UM (Dong 2019). 
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Het begrijpen van de belangrijkste reden voor de aanwezigheid van immuuncellen in UM is van 

cruciaal belang om de pathogenese van deze ziekte te begrijpen en om de juiste 

ontstekingsremmende strategieën te kunnen ontwerpen. 

Wij hopen dat onze pogingen nuttig zijn geweest voor het begrip van de regulatie van ontsteking 

bij oogmelanoom en mogen leiden tot de toename en verbetering van de overleving bij UM 

patiënten. 
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Professor Martine Jager’s supervision.   

During her PhD, the author had the opportunity to introduce and present her work at congresses 

held in Europe (Ever 2020, Ever 2021), Asia (USERN 2020, IRAVO 2021) and the United States 

(ARVO 2019, 2021) and received a gold medal from the European Association for Eye and Vision 

Research (EVER 2020).  

Upon completion of her PhD program, the author will go back to Iran where she will be enrolled 

as an assistant professor at the University of Isfahan and continue her scientific research. 

 

 

 

 

 




