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General introduction

1.11.1
 Chapter 1.1 General introduction1.1

GENERAL INTRODUCTION1.1
General introduction
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CHAPTER 1.1

Embryology

The eyes develop from the neuroectoderm, surface ectoderm and mesoderm, beginning 

with a pair of optic sulci appearing in the neural folds at the cranial end of the human embryo 

during stage 10 of development, day 22 of gestational age. The eyelids develop from two 

ectodermal folds with cores of mesodermal-derived mesenchyme. The eyelids meet and 

fuse about the nineth week of gestation and stay fused until the twenty-seventh week of 

gestation. During this time a closed conjunctival sac develops in the front of the eyeball, with 

the conjunctiva covering the eyelids as well as the bulbus when the eyes are opened. The 

surface ectoderm also gives rise to the epidermis of the eyelid skin, with the dermis deriving 

from mesenchyme. The conjunctiva develops simultaneously with the cornea from the 

ectoderm.1,2

During the early fetal period neural crest cells migrate into the dermis and differentiate into 

melanoblasts, which enter the epidermis and differentiate into melanocytes located at the 

dermo-epidermal junction, where most melanocytes are found. In a similar manner, 

melanocytes are expected to populate the conjunctiva and other mucosal membranes.1

During embryogenesis epithelial-mesenchymal transition (EMT), with the reversed process 

mesenchymal-epithelial transition (MET), plays an important role. EMT comprises a process 

of  epithelial cells gaining (partial) mesenchymal cell characteristics, by development of 

filopodia on polarized immotile epithelial cells and downregulation of the expression of 

epithelial proteins. This repression of gene expression profiles enables loss of cell adhesion, 

since the cells loose expression of components of cell polarity, including E-cadherin. This 

EMT process enables cells to migrate through the extracellular matrix. Under physiological 

conditions EMT is essential in gastrulation, with the formation of mesoderm and neural crest 

representing the key EMT event in which the resulting cells are still multipotential. During 

successive EMT/MET cycles cells become more differentiated and migrate to their final 

destination. Activation of these EMT/MET cycles involves many different genes, with SOX E 

genes, including SOX10, playing an important role in neural crest formation, with the receptor 

tyrosine kinase pathway, with downstream signals RAS/MAPK and ERK, being one of the 

important EMT pathways.3,4
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General introduction

1.1Anatomy and histology

The conjunctiva is a mucous membrane lining the inside surface of the eyelids, the palpebral 

conjunctiva and covering the sclera up to the limbus, i.e. the bulbar conjunctiva. The loose 

pliable junction between the bulbar and the palpebral conjunctiva is referred to as the 

fornix.5 The caruncle is located at the medial canthus and comprises both dermal as well as 

conjunctival elements.6,7 The conjunctiva allows the eyelids and the globe to move in a 

smooth way7 and since the conjunctiva is part of the ocular surface together with the cornea 

and the overlying tear film, it has a protective function preventing injury, desiccation and 

infection.5 Figure 1a and 1b depict a H&E staining of the normal conjunctiva. The exact 

composition of the conjunctiva depends on the location of the conjunctiva.6,7 The normal 

conjunctiva is composed of conjunctival epithelium and a variably loose, highly vascularized 

substantia propria, with extensive lymphatic vessels, many inflammatory cells,6,7 nerve cells, 

melanocytes and accessory lacrimal glands.7 The epithelium is composed of 3-5 cell layers 

stratified non-keratinized squamous epithelium and columnar epithelium, with interspersed 

goblet cells, the latter producing mucins for the tear film.5 Conjunctival melanocytes are 

dendritic cells, located amongst the basal cells of the conjunctival epithelium.8 
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CHAPTER 1.1

Figure 1. H&E and SOX10 staining of normal conjunctiva, primary acquired melanosis with atypia and conjunctival 
melanoma, magnification 100x.

The H&E staining on the left side (a) depicts the normal conjunctiva, composed of conjunctival type epithelium and 
loose connective tissue, with the conjunctival type epithelium harboring melanocytes amongst the basal cells of the 
epithelium. The melanocytes in normal conjunctiva are highlighted in brown in the SOX10 staining (b). Primary 
acquired melanosis with atypia (c), with transepithelial presence of atypical melanocytes, as highlighted in brown in 
the SOX10 staining (d) and conjunctival melanoma (e), with atypical melanocytes in the stroma.

Melanocytes are pigment producing cells with the primary function of ultraviolet radiation 

(UVR) protection in the skin and conjunctiva.9 In the dark- skinned population melanin 

granules are produced by fetal melanocytes, whereas in the Caucasian population the fetal 

melanocytes contain little or no pigment. After birth the skin of dark-skinned children 

continues to darken, because of increased melanin production in response to light.1 Besides 

in the skin and the conjunctiva, melanocytes can also be found in other mucosal membranes 

as well as in the leptomeninges.1,9 The role of melanocytes at the other mucosal sites, such 

as the nasal mucosa or in the meninges,  is not well understood, but may include antimicrobial 

and immunological functions.9

Basic principles of development of cancer, with focus on conjunctival melanomas

Currently cancer is believed to be the result of a combination of disrupted differentiation and 

genome instability, mutations and epigenetically regulated changes (non-mutational 

epigenetic programming). This combination supports sustained proliferative signaling, 

evasion of growth suppressors, resistance to cell death, promotion of angiogenesis, replicative 
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General introduction

1.1immortality, stimulating invasion and development of metastases, avoidance of immune 

destruction and reprogramming of cellular metabolism, within the context of enabling 

characteristics, including an important role for the tumor microenvironment. This tumor 

environment includes fibroblasts, immune cells, endothelium and pericytes of the tumor 

vasculature, as well as microbiomes. Within oncogenesis cellular plasticity plays an important 

role, since this enables more well-differentiated cells to dedifferentiate into cells in a 

progenitor-like state, as is also suggested for melanoma cells, in aggressive cases 

demonstrating loss of the developmental tissue factor MITF, which is associated with 

reactivation of neural crest progenitor genes. This dedifferentiated state may be the result of 

upregulation of a microRNA (miR), belonging to the class of non-coding RNA molecules, that 

normally is downregulated during end stage differentiation, as was described for pancreatic 

tumors. Moreover, in BRAF driven melanomas aberrantly expressed SOX10 is suggested to 

block progenitor cells to differentiate into melanocytes. Another form of plasticity concerns 

cellular senescence, considered to be a complementary mechanism to programmed cell 

death, in order to maintain tissue homeostasis. This senescence program may be induced by 

many different conditions, including nutrient deprivation and DNA damage, and involves 

changes of cell morphology and metabolism and activation of many cytokeratins, chemokines 

and proteases. Senescent tumor cells can escape their non proliferative condition. 

Consequently, induced by many different (partly microenvironmental) factors, tumor cells 

resume their proliferative state by avoiding apoptosis and suppression of tumor immunity, 

induction of angiogenesis, stimulation of invasion and development of metastases, which 

may be supported by (cancer associated) senescent fibroblasts. However, within the 

prediction of the behavior of a cancerous mass, also (non) mutational heterogeneity of the 

tumor plays an important role, with alterations in tumor suppressors and oncogenes 

underlying the development of cancer, in addition to the aforementioned features of the 

tumor (environment).10 

A large subset of the cancerous mass may comprise leukocytes, mostly being tumor-associated 

macrophages (TAMs), which are derived from circulating monocytes, that are attracted to 

tumor sites by locally produced chemotactic factors. These TAMs produce various angiogenic 

factors, including endothelial growth factor, providing the conditions for a robust vascular 

supply for the tumor, crucial for tumor growth, progression and development of metastases. 
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This process is at least partly mediated by chemokines, which are a special type of cytokines, 

that can be divided into four subgroups, namely C, CC, CXC, CX3C (Figure 2).11,12,13 

Figure 2. Chemokine classes
Overview of the chemokine classes: a. C, b. CC, c. CXC. d. CX3C. Chemotactic cells bind via a G protein coupled 
receptor to the N-terminus of the chemokine, with the classification of the chemokines based on the arrangement 
of the N-terminal cysteine residues. Glycosaminoglycans anchor the chemokine to the tissue matrix/ endothelial 
cells.

 

Chemokines exert their biological activities by binding their corresponding G protein-couples 

receptors,13 with the target cell specificity determined by the expression pattern of its 

cognate receptor. Most chemokines are produced as secretory proteins and interact with 

proteoglycans and glycosaminoglycans, immobilizing the secretory proteins on endothelium 

cells and/or in the extracellular matrix upon their secretion.11,12 The former facilitates the 

generation of a concentration gradient, important for inducing the targeted cells to migrate 
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1.1in a directed way. Hypoxia, because of insufficient vascularization due to increased tumor 

size, induces the expression of a specific chemokine in tumor sites, promoting angiogenesis 

and recruitment of regulatory T cells. Furthermore, there are immature dendritic cells that 

express several chemokine receptors, including CCR7 and CXCR4, and these cells capture 

exogenous and endogenous antigens including tumor cell derived antigens. When the 

immature dendritic cells capture antigens in the presence of inflammatory stimuli they 

change into mature dendritic cells, losing their endocytosis ability. At this point the dendritic 

cells only express CCR7 and CXCR4 and migrate to T-cell areas of lymph nodes guided by 

chemokines. In addition to CCR7 and CXCR4, also CCR10 plays an important role in 

tumorigenesis, facilitating tumor growth, by preventing apoptosis of tumor cells. Moreover 

CXCR4, the most commonly detected chemokine receptor on tumor cells, enables the 

development of metastases by involvement in EMT.12 Under pathophysiological conditions 

EMT, driven by (epi)genetic molecular mechanisms, including the aforementioned pathways, 

enables motility and scattering of the tumor cells,12,14 circumventing cellular senescence, 

immune surveillance, apoptosis and anoikis,3 the latter described as programmed cell death 

in case of detachment of the cell from the normal extracellular matrix.15 RAS signaling 

pathways regulate both EMT as well as autophagy, allowing the tumor to degrade and recycle 

cellular components, that may be used as building blocks for other cells. Moreover, EMT 

leads to the transition of differentiated cancer cells into cancer stem cells (CSC), with the 

oncogenic mutations originally found in the differentiated cancer cells. These CSC may 

clonally expand after invasion enabling dissemination and self-renewal during metastasis, 

with occurrence of MET at another tumor site.3 As important as the role of the CXCL12-CXCR4 

axis in the metastatic mechanism of cutaneous melanomas is the role of CCR7. CCL21, the 

ligand of CCR7, is expressed on T-cells, dendritic cells and high endothelial venules.16 

Conjunctival melanomas are known for inducing lymphangiogenesis both within the tumor 

and the surrounding tissue, with deeper staining for these chemotactic factors demonstrated 

at the invasive edge of the tumor.17

One of the molecular pathways frequently dysregulated in cancer, and particular in  

melanomas, is the MAPK/ERK pathway, with the RAS kinase family, including NRAS, being 

activated by receptor tyrosine kinases after binding of a growth factor.18,19 This induces 

phosphorylation of BRAF, resulting in activation of MEK and ERK respectively,20 leading to 

promotion of the cell cycle18 and anti-apoptotic response.3 In conjunctival melanomas 
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activation of this pathway most commonly depends on BRAF, NRAS21,22 and KIT mutations.21 

BRAF mutations are frequently found in conjunctival melanomas, but this mutation may be 

also present in conjunctival nevi and are less common and probably absent in the most 

common precursor lesion of conjunctival melanomas, primary acquired melanosis with 

atypia.23,24 In conjunctival melanomas a BRAF mutation was reported to be predictive of the 

development of a metastasis in an univariate analysis.25 BRAF, NRAS and KIT mutations are 

mutually exclusive,20 since only one of these alterations is needed to functionally alter each 

of these pathways and an additional mutation does not result in further advantage for the 

(malignant) cell or will result in lethality.19 The RAS protein is inhibited by NF1 by hydrolysis of 

Ras-bound GTP. A NF1 mutation may be seen as a unique driver, but can be found concurrently 

with BRAF and RAS mutations, in contrast to KIT mutations that have not been described as 

co-mutations with NF1 in conjunctival melanomas. Additionally, conjunctival melanomas 

show frequent overexpression of phosphorylated active forms of proteins of the PI3K/AKT 

pathway and the downstream effector mTOR. This pathway can be activated by mutations 

NRAS and KIT, and by decreased levels of PTEN, the latter normally acting as an inhibitor of 

this  pathway.20 In addition, telomerase reverse transcriptase (TERT) may be activated by AKT, 

or by a TERT promoter mutation resulting in increased TERT expression, leading to cellular 

immortality by catalyzing the addition of repetitive sequences at the end of chromosomes. 

This results in prevention of degradation of chromosomal terminations allowing an increased 

cellular division rate.20,21 The PI3K/AKT/mTOR pathway is involved in the regulation of 

proliferation, metabolism, angiogenesis and metastatic spread. Many oncogenic proteins, 

including signal transduction proteins AKT as well as BRAF and transcription factors including 

p53 and telomerase hTERT and antiapoptotic proteins including BCL2 are client proteins of 

the HSP90 complex.26 Under normal conditions the HSP90 chaperone machine facilitates 

protein folding and protect against the dangers of misfolding and aggregation.21,27 Increased 

expression of the HSP90 proteins plays an important role in cancer, by tolerating mutations 

in signaling molecules that would normally be lethal, resulting in tumor cells escaping the 

apoptotic death, with binding of mutant p53 protein to HSP preventing ubiquitylation and 

subsequent degradation.27 CDKN2A, a well-known tumor suppressor gene encoding for p16, 

can inhibit MDM2, the negative regulator of p53, resulting in activation of p53, with deletions 

of CDKN2A reported in a subset of melanomas.28



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 19PDF page: 19PDF page: 19PDF page: 19

19

General introduction

1.1Furthermore, conjunctival melanomas are thought to be driven by alterations (single 

nucleotide variants, small insertions and deletions and copy number variations) in the Hippo 

and Wnt pathways.24 In contrast to aforementioned RAS and PI3K pathways, for the Hippo as 

well as the Wnt pathway it was suggested that co-occurrent alterations are needed and 

result in synergistic activation of these pathways.19 Furthermore, it is suggested that invasion 

and metastases of melanoma cells is the result of continuous switching between the 

differentiated phenotype, expressing the neural crest and melanocyte markers, and the 

dedifferentiated phenotype, with high expression of the mesenchymal cell markers, 

analogous to the EMT, with Hippo and Wnt/β-catenin pathways being important triggers of 

EMT, both during embryonal development as well as in oncogenesis. The Wnt/β-catenin 

pathway was suggested to promote the differentiated phenotype, although, as for other 

canonical pathways, there is extensive cross-talk between the Hippo and Wnt/β-catenin 

pathways. Moreover, β-catenin is reported to have a context dependent dual function, as 

β-catenin is also reported to be involved in the proliferative to invasive switch.29 In conjunctival 

melanomas the Hippo and Wnt pathways were reported to be altered in most of the cases, 

in 86% of the cases as a result of somatic single nucleotide variants/ small insertions or 

deletions and in 89% of the cases by a somatic copy number variation.24

The pathways involved in conjunctival melanomas are partly overlapping with the pathways 

involved in the pathogenesis of cutaneous melanomas, including the presence of aberrations 

in BRAF and NRAS and loss of CDKN2A and PTEN, known to be relevant in the pathogenesis 

in melanomas on both locations. Uveal melanomas lack these mutations, but harbor 

activating mutations in GNAQ and GNA11.30 

Dysregulation of miR plays also an important role in the development of cancer. MiR comprise 

20-23 nucleotides, binding to at least one target mRNA,31 thereby regulating cell 

differentiation, proliferation and apoptosis through posttranscriptional suppression of 

protein encoding genes.32,33,34 Depending on their target genes miR act either as oncogenes 

or tumor suppressors. The biogenesis of miR starts within the nucleus with miR gene 

transcription into large primary transcripts (pri-miR), in general mediated by RNA polymerase 

II. Subsequently the pri-miR are cleaved by a microprocessor complex, composed of 

RNA-binding protein DGCR8/Pasha and type III RNase Drosha, into precursor miR (pre-miR),14,33 

a stem-loop structure of approximately 70 -85 nucleotides.14,32,33 This pre-miR is transported 
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by Ran/GTP/Exportin 5 complex from the nucleus to the cytoplasm, where it is processed by 

Dicer, another RNase III enzyme, into an about 20 nucleotide miR mature strand/miR 

passenger strand duplex. After this duplex is unwound, the mature miR is incorporated into 

a RNA-induced silencing complex (RISC), subsequently guiding RISC to the complementary 

sequence of the target mRNA.14,32,35 This unwinding process is partly mediated by an 

endoribonuclease complex comprising translin-associated factor X, TRANSLIN and HSP90, 

helping in the degradation of the passenger strand.33,35 The target sites of miR may be grouped 

in either 1. the class of 5’dominant sites, with pairing to the seed region,33 i.e. a 6-8 nucleotide 

long fragment at the 5’end of the miR,14 independent of 3’ pairing support, or 2. the class of 

3’ compensatory sites, with strong pairing to the 3’ region.33 MiR bind to the 3’end 

untranslated region of mRNA.35 (Near) perfect complementarity between miR and the target 

mRNA results in degradation of mRNA after cleavage by Argonaute2 (Ago2), a component of 

RISC. In case of partial base pairing this will not result in target mRNA degradation, but target 

specific translational repression.32,33 These Argonaute proteins bound to miR and their target 

mRNA accumulate in cytoplasmic foci, called processing bodies (P-bodies), which may be 

involved in translational repression. These P-bodies are suggested to be sites were 

translationally repressed mRNAs are temporary storaged.33 Additional to regulating gene 

expression, miR may function as a ligand, for example by direct binding to Toll-like receptors, 

resulting in a prometastatic inflammatory response, with Toll like receptors being also 

involved in the nuclear factor κB signaling pathways in NK cells.14 Moreover, miR may promote 

cell-cycle progression by negatively regulating different cyclins, and (inhibitors of) cyclin 

associated kinases. MiR-122 targets cyclin G, thereby promoting p53 activity. Also, miR 

expression itself may be regulated by transcription factors, including p53 and c-myc. C-myc 

activates the miR 17-92 cluster, leading to inhibition of E2F translation.14 E2F is a family of 

transcription factors, comprising nine members, which release is initiated by Rb family 

proteins, that are phosphorylated by D-type cyclin associated kinases. The E2F family is 

critical within the cell cycle progression, since E2F is necessary for timely regulating gene 

transcription required for DNA synthesis during the G1 to S transition. Furthermore, there is 

growing evidence that E2F may induce apoptosis. The p16/RB/E2F pathway is involved in 

many tumors, with deregulated and hyperactive E2F, as a result of overexpression or Rb 

inactivation, resulting in uncontrolled proliferation. The E2F induced apoptosis may be 

inhibited by both the PI3K/AKT pathway and the EGFR/RAS/RAF pathway.34
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1.1Furthermore, increased c-Myc activity induces miR-9-3p transcription, leading to inhibition 

of E2F1 expression.36 MiR-9 may directly bind to the 3’ untranslated region of E-cadherin, 

resulting in E-cadherin downregulation, which in turn activates the β-catenin signaling 

pathway to trigger the expression of downstream oncogenes, leading to increased cell 

motility and invasiveness.14 Also p53-regulated miR may modulate EMT, via repressing 

expression of E-cadherin transcriptional repressors ZEB1/2. Another transcription factor 

influencing expression of miR is hypoxia inducible factor (HIF) in case of hypoxia. MiR targeting 

HIF or vascular endothelial growth factor (VEGF) signaling pathways, play an important role 

in the angiogenesis. Additionally, miR may target PTEN to activate the AKT/ERK signaling 

pathway, resulting in high expression of HIF and VEGF. Mutations and abnormal expression of 

any of the enzymes and regulatory proteins within the miR biogenesis can lead to abnormal 

expression of miR. In tumorigenesis there are changes in miR gene locations, leading to 

decreased expression of certain miR in case of loss of regions harboring that specific miR, 

and overexpression of certain miR in case of amplification or translocation of genes. It is 

known that many miR genes are located in cancer associated genomic regions, comprising 

minimal regions of loss of heterozygosity harboring a tumor suppressor gene, or a minimal 

region of amplification containing an oncogene.14 In cancer these transcription factors are 

dysregulated and can either activate the transcription of oncogenic miR, for example by 

binding to a promoter of specific miR genes, or repress transcriptional activity of tumor 

suppressive miR. The dysregulation of p53 regulated miR makes tumor cell resistant to 

apoptosis. MiR-20b-5p is reported to be upregulated in both conjunctival melanomas as well 

as cutaneous melanomas, and this upregulation is thought to cause PTEN suppression. 

Similarly, miR-30d-5p, miR -506-3p and miR -509-3p are reported to be upregulated in both 

conjunctival melanomas and cutaneous melanomas.21 A simplified concept concerning the 

presumed pathways involved in carcinogenesis, and particularly melanomas, is depicted in 

Figure 3. 
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Simplified concept of the pathways involved in oncogenesis, with focus on (conjunctival) melanomas, with the 
MAPK/ERK pathway and the PI3K/AKT pathway being frequently involved in the melanoma genesis. Dysregulation of 
(one of) these pathways supports rampant tumor growth and metastatic disease, with a central role for microRNAs, 
influencing this process on many different levels. The sun like figure in the middle of the pathways symbolizes the 
assumed important role for miRNAs influencing the oncogenic pathways on many (largely still unknown) different 
levels. 
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1.1Ultraviolet radiation (UVR) exposure 

Similar to the skin, parts of the conjunctiva are highly exposed to ultraviolet radiation (UVR). 

UVR can be divided into UVC (100-290 nm), UVB (290-320 nm) and UVA (320-400 nm), with 

the terrestrial light mostly comprising UVA and to a much lesser extent UVB,37,38 in general 

concerning diffuse exposure. The proportion of exposure is dependent on the season, time 

of the day and the physical environment. Shorter wave lengths of UVR penetrate tissue less 

than longer wavelengths. The effects of UVR are widely studied in the skin, with the majority 

of cutaneous melanomas attributed to UVR exposure. Effects of UVR exposure in the skin 

comprise oxidative stress, inflammatory responses, immunosuppression, direct cellular 

damage and gene mutations,38  with cytosine to thymine (C>T)  and CC>TT transversions as 

the typical UVR mutational signature.37,39 Moreover, UVR induces mutations in p53.38 Similar 

to the skin most of the conjunctiva is also considered to be exposed to UVR. Compared to 

tarsal and forniceal location especially bulbar conjunctival melanomas show relatedness to 

cutaneous melanomas, when comparing the mutational spectra using whole exome 

sequencing and whole genome sequencing,24 with NF1 mutations frequently found in 

conjunctival melanomas with UVR exposure.21 However, the specific effects of UVR on the 

conjunctiva are still topic of debate. Conjunctival melanomas revealed the presence of C>T 

transitions as well as CC>TT transitions, suggesting UVR-induced DNA damage.24,39 This is 

supported by one study reporting the lowest contribution of C>T changes in conjunctival 

melanomas located on the tarsus, a location that is considered to have less UVR exposure.24   

Conjunctival melanocytic lesions

Because of the aforementioned composition of the conjunctiva, the conjunctiva can harbour 

a broad range of lesions, including benign, premalignant and malignant lesions, with 

melanocytic lesions in the top five list of most frequent lesions.40 

Conjunctival melanocytic conditions can be divided into hypermelanosis, i.e. an increased 

deposition of melanin, benign/reactive melanocytosis, and conjunctival melanocytic 

(intraepithelial) neoplasia.41,42 Most of the melanocytic lesions are also incorporated in de 

WHO Classification of Tumors of the Eye (Figure 4).43 
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Figure 4. WHO Classification of Tumors of the Eye, 4th edition

Overview of the lesions of the conjunctiva and caruncle that are currently incorporated in the WHO Classification.

The conjunctival melanocytic lesions are mainly nevi, predominantly located in the substantia 

propria, although also junctional nevi do exist and are mainly seen in children.44 Nevi may 

develop into melanomas, although only a minority of the conjunctival melanomas are 

derived from nevi.45 Of special clinical relevance is the premalignant melanocytic lesion, i.e. 

primary acquired melanosis with atypia, hereafter referred to as PAM (Figure 1c and 1d). This 

waxing and waning lesion develops later in life and appears as a unilateral, irregular 

melanocytic macule, that often is multifocal. Histology reveals an intraepithelial melanocytic 

proliferation, with significant cellular pleomorphism. Grading of PAM depends on the extent 

of architectural disruption, taking into account both the horizontal as well as the vertical 

spread, and the degree of cytological atypia, assessing nuclear size, abundance of cytoplasm, 
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1.1nucleoli and mitotic rate. By definition penetration of the basement membrane is absent, as 

penetration of the basement membrane is a hallmark for a melanoma (Figure 1e).42 For an 

adequate, more objective, approach of grading these lesions a specific scoring system has 

been developed. The terminology concerning PAM is prone to misinterpretation, since this 

descriptive clinical term encompasses a variety of pathologic conditions ranging from benign 

to premalignant, and therefore a new histopathological based terminology was considered 

to adequately describe these lesions,  i.e. conjunctival melanocytic intraepithelial neoplasia 

(C-MIN),42 recently renamed conjunctival melanocytic intraepithelial lesion (C-MIL).46 The 

C-MIN scoring system, ranging from C-MIN score 1, for PAM without atypia, to score > 5, 

referring to melanoma in situ, is also incorporated in the current WHO Classification of 

Tumours of the Eye.43 The grade of atypia of the premalignant lesion is an important clinical 

risk factor for conjunctival melanoma, with up to approximately 50% of the cases with this 

intraepithelial lesion with severe atypia reported to proceed to conjunctival melanoma.20,47 

The manco of this nomenclature of the C-MIN grading system is that lesions without atypia, 

correlating to C-MIN score 1, are considered hyperplasia rather than neoplasia,48 hence the 

introduction of C-MIL.46 

Conjunctival melanomas comprise about 12% of all malignant conjunctival lesions40 and up 

to 5% of all ocular melanomas21,23,39,49 and 0,25% of melanomas overall.20 Most of the 

conjunctival melanomas are derived from PAM (up to 45-74%), but a subset of the melanomas 

develop de novo (18-30%) or from nevi (1-21%).20,21,24,30,40,49,50,51 Conjunctival melanomas have 

an incidence of 0.2-0.8 per million,52 with an increasing trend over the last decades,24,25,30,40,53 

and peaks around the age of 60 years.49 It is an highly recurrent tumor, with a recurrence rate 

reported 30->50%21,24,49,50 and development of a metastasis and death in 10 years in 22.3-59% 

of the patients.21,24,39,50,54,55 Metastatic disease is thought to spread primarily through the 

lymphatic system,50  with development of metastatic disease in pre-auricular, submandibular, 

cervical or axillary lymph nodes depending on the location of the primary tumor.21,50 However, 

distant metastases can also develop through hematogenic spread without regional lymph 

node metastases,50 with distant metastases developing in 20-30% of the cases. Most distant 

metastases occurs in liver, lungs, skin and brain.21,49 Once a melanoma has metastasized there 

is a median overall survival of 5-8 months.42,49
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 Conjunctival melanomas are staged according to the Tumor Node Metastasis (TNM) system, 

developed by the American Joint Committee on Cancer and the Union International Contre 

Cancer,42,49 with 5-year survival rates decreasing from 97% in T1 tumors to 58% in T3 tumors.49 

The T-staging is based on the location and the tumor thickness. Melanomas located at the 

palpebra, fornix, plica semilunaris and caruncle have a worse prognosis compared to 

melanomas solely located at the bulbar conjunctiva.21,30,40,45,50

In addition to T-stage,40,50,56 other unfavorable histopathological features have been reported 

including the presence of epithelioid cells and grade of pigmentation.56 These features are 

reported to be associated with recurrent disease.56 A high tumor thickness,50,57 the presence 

of epithelioid cells, 45,57 the presence of ulceration58 and lymphatic invasion57 are reported to 

be associated with the development of metastatic disease. Furthermore, the absence of an 

inflammatory response was suggested to be associated with dismal behaviour.45,53 Some 

studies report an adverse clinical course for conjunctival melanomas originated from PAM.57,59 

Yet, a large study could not find PAM derived conjunctival melanomas associated with a 

worse prognosis compared to de novo or nevus derived melanomas, after adjustment for 

tumor location and/or cell type.45 Moreover, another large study stated that PAM derived 

conjunctival melanomas had a better prognosis compared to conjunctival melanomas that 

arises de novo.51

Therapy

The primary treatment of conjunctival melanomas is complete surgical removal of the 

melanoma,40,47,56 with supplementary treatment including cryotherapy,40,56 local administration 

of chemotherapeutical agents (Mitomycin C), brachytherapy (ruthenium plaque, strontium 

plaque,47,55,56 iridium,55 proton beam irradiation56), external beam radiation and exenteration,55 

most frequently applied in melanomas arising from PAM. Exenteration may be necessary in 

case of  multiple recurrences and/or especially in case of involvement of the orbit.40

As of late the interest in targeting specific molecular abnormalities is increased, including the 

administration of BRAF inhibition, with reported stable disease or (near) complete response 

in some BRAF mutated metastatic conjunctival melanomas,16,21,49 with Vemurafenib being 

currently available for BRAF mutated melanomas.40 Furthermore MEK inhibitors have been 

used in some cases16 and in a few cases the use of PD1 inhibitors showed beneficial results.16, 47  
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1.1Aim of this thesis

The aim of this thesis is to characterize different mucosal melanocytic lesions, with focus on 

conjunctival melanocytic lesions, in order to identify lesions with high risk for development 

of recurrent and/or metastatic disease, to make an adequate and personalized treatment 

and follow up strategy.   

In chapter 2-5 different melanocytic lesions are described, ranging from benign (common 

melanocytic nevi as well as deep penetrating nevi) to (pre-)malignant melanocytic lesions 

(PAM/conjunctival melanoma). These different lesions are characterized by analyzing clinical 

and histopathological parameters, as well as using immunohistochemistry, in situ hybridization 

and targeting a specific subset of mutations using Snap Shot Analysis, next generation 

sequencing and miR analysis. 

Chapter 5-7 further elaborates on genetic molecular characterization of conjunctival 

melanomas within the spectrum of other ocular and mucosal melanomas, using a targeted 

next generation sequencing panel that includes recurrent mutated genes described in uveal 

melanomas, mucosal melanomas and cutaneous melanomas. Furthermore, we characterize 

conjunctival melanomas within the light of other mucosal melanomas on the epigenetic 

level. 

Throughout both parts of the thesis we analyze the possibly prognostic value of the 

aforementioned characteristics of the different melanocytic lesions. 
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SCOPE AND OUTLINE OF THIS THESIS1.2
Scope and outline of this thesis
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Given the ambiguities in different prognostic parameters in conjunctival melanomas in the 

literature, within this thesis, the aim is to further characterize these lesions, in order to 

unmask the lesions with aggressive behavior with the goals to develop a more personalized 

approach concerning treatment and follow up. In order to unravel clinically relevant 

prognostic features, within this thesis the different clinical, histopathological, genetic and 

epigenetic characteristics are related to the clinical outcome, more specific the development 

of recurrent disease and metastatic disease. In chapter 2, a subtype of nevi, i.e. deep 

penetrating nevus (DPN), is discussed. DPN can be found on the conjunctiva and lacrimal 

caruncle,60 the latter harboring both conjunctival as well as skin derived elements. DPN is 

characterized by studying the clinical, histopathological and immunohistochemical 

characteristics and explore the molecular make up of this lesion. In chapter 3, the prognostic 

value of the immunohistochemical staining patterns are examined for the chemokine 

receptors CCR7, CXCR4 and CCR10 in benign, precursor and malignant conjunctival 

melanocytic lesions. This evaluation also included two human conjunctival melanoma cell 

lines, CM2005.1 and CRMM1. 

Chapter 4 focusses on discriminating miR levels in conjunctival melanocytic nevi and 

conjunctival melanomas using the Taqman Low Density Array Cards containing 377 miR 

targets plus controls. Moreover, the differences in miR levels in conjunctival melanomas with 

versus without metastatic disease were analysed, to determine whether it is possible to 

predict metastatic potential. For this study a local discovery cohort and an independent 

validation cohort in collaboration with the Departments of Ophthalmology and Pathology of 

the University Hospital Leuven, Leuven, Belgium, was used. 

In chapter 5, clinical and histopathological features are correlated with the development of 

recurrences and metastatic disease in 78 conjunctival melanomas, with  focus on the 

prognostic value of the most common mutations found in conjunctival melanomas, i.e. BRAF 

V600E mutations and TERT promoter mutations. Furthermore, data concerning the treatment 

strategy during the past decades were collected and discussed. 

Since conjunctival melanomas are ocular melanomas in chapter 6 the molecular genetic 

background of conjunctival melanomas within the spectrum of other ocular melanomas was 

explored, with correlation to recurrent and metastatic disease. For this purpose, customized 
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1.2

next generation sequencing using a panel targeting all types of melanomas, covering GNAQ, 

GNA11, EIF1AX, BAP1, BRAF, NRAS, c-KIT, PTEN, SF3B1 and TERT genes was used. 

Furthermore conjunctival melanomas were explored within the light of other mucosal 

melanomas, in particular sinonasal melanomas in chapter 7, with special interest concerning 

whether miR could predict the metastatic potential of mucosal melanomas originated in 

locations with versus without UVR exposure. 

In chapter 8 the findings throughout this thesis are linked and discussed, ending in concluding 

remarks and future prospects.  

Chapter 9 and 10 comprise a summary of the lessons learned from this thesis (English and 

Dutch respectively).
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CHAPTER 2

ABSTRACT

We describe the first presentation of a deep penetrating nevus (DPN) on the lacrimal 

caruncle. This lesion was seen in an 18-year-old woman presenting with hemorrhage of a 

long-standing pigmented mass on the caruncle. Histology showed a combined melanocytic 

neoplasm that consisted of two different melanocytic components. The differential diagnosis, 

based on histological examination, was a conventional melanocytic nevus, a Spitz nevus, or a 

combined melanocytic nevus. On the molecular level, one of the components revealed a 

mutation in the CTNNB1 gene encoding the β-catenin protein, while both components 

harbored a BRAF V600E mutation, without molecular features of a malignant melanocytic 

lesion. This presentation of a DPN of the lacrimal caruncle emphasizes the similarities of the 

caruncle with the skin.
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Established facts

 ● Already known fact 1: Deep penetrating nevus (DPN) is a well-established histopathological 

and molecular distinct nevus subtype of the skin.

 ● Already known fact 2: Overlapping clinical and histopathological features might complicate 

distinguishing benign from malignant melanocytic lesions.

Novel Insights

 ● New information 1: Molecular analysis might be necessary in rendering a correct 

diagnosis; in this case, a DPN was confirmed by the presence of a CTNNB1 mutation with 

exclusion of molecular abnormalities as found in melanoma.

 ● New information 2: The presentation of a DPN on the lacrimal caruncle emphasizes the 

similarities of the caruncle with the skin.
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Introduction

Lesions located at the lacrimal caruncle are uncommon, and the differential diagnosis 

includes many different entities because the caruncle harbors both skin and conjunctival 

elements. Although the majority of lesions on this location is benign,1,2 overlapping clinical 

and histopathological features make it challenging to distinguish the benign lesions from 

their malignant counterpart.2,3,4 Therefore, thorough histological examination and additional 

diagnostic techniques for adequate management are required.

Case report

An 18-year-old Caucasian female was referred to The Rotterdam Eye Hospital, Rotterdam, 

The Netherlands, because of a bleeding caruncular mass. She had a medical history of 

hyperpigmentation in the medial corner of the right eye for at least 6 years. On clinical 

examination, the caruncle of the right eye showed a 4-mm stalked slightly asymmetrical 

dome-shaped pigmented hyperemic mass with a crust and large vessels in the stalk (Figure 

1a). Vision was 1.20 for both eyes, with an intraocular pressure in the right eye and left eye 

of 16 mm Hg and 11 mm Hg, respectively. For both diagnostic and therapeutic reasons the 

lesion was excised. The clinical differential diagnosis included pigmented papilloma, 

melanocytic nevus, melanoma, pyogenic granuloma, and oncocytoma.
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Histological examination showed a papillomatous, partly pigmented melanocytic lesion with 

a junctional as well as a stromal component. The lesion was composed of two different 

components: one of which revealed a more nevoid character, with cells with scant 

amphophilic cytoplasm and a small hyperchromatic nucleus, and the other component 

showed a more epithelioid morphology, with cells with large dusty cytoplasm and a small, 

slightly irregular nucleus arranged in nests and fascicles (Figures 1b and c). Moreover, 

perifollicular extension was found. There was no obvious cytological atypia, yet one mitotic 

figure was seen in the stromal part of the lesion. The conventional nevoid component showed 

maturation, in contrast to the epithelioid component. Furthermore, associated melanophages 

were seen. Using immunohistochemistry, both components showed diffuse expression of 

Melan A. HMB-45 showed loss of expression in the nevoid component, while expression 

remained in the epithelioid component (Figure 1f). Both components showed positivity for 

BRAF V600E (Figure 1g) and no loss of expression of BAP1 or p16. Staining for β-catenin 

(Figure1d) showed, mainly in the epithelioid component and to a lesser extent in the nevoid 

component in both the upper as well as the lower part of the lesion, extensive cytoplasmic 

and membranous expression, but no nuclear expression. Additionally, Cyclin D1 (Figure 1e) 

showed a strong nuclear staining in the epithelioid component, with an absent to weak 

staining in the deep parts of the nevoid component. Triple fluorescence in situ hybridization 

showed no abnormalities for CCND1, MYB, and RREB1.

The two components of the lesion were isolated from the formalin-fixed paraffin-embedded 

material and were analyzed separately for molecular analysis. Both components showed a 

mutation in BRAF exon 15:c.1799 T>A; p.V600E, using mutation-specific PCR. Furthermore, 

targeted next-generation sequencing analysis confirmed this BRAF mutation and revealed a 

mutation in CTNNB1 exon 3:c.134 C>T; p.S45F in the epithelioid component in contrast to 

the conventional nevoid component (Figure 2). There were no GNA11, GNAQ, GNAS, HRAS, 

NRAS, APC, MAP2K1, and TERT promoter mutations, and there was no loss of CDKN2A. No 

additional copy number variations were identified by SNP array. Altogether, these findings 

are consistent with a deep penetrating nevus (DPN).
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Discussion/Conclusion

Lesions located on the lacrimal caruncle are rare, with 10% comprising (pre-)malignant 

lesions. Over 40% of the lesions that present on the caruncle are pigmented.2 Although the 

majority of the pigmented lesions are conventional melanocytic nevi,1,2 the (pre-)malignant 

melanocytic lesions warrant special attention. Distinguishing benign lesions from their 

malignant counterpart can be very challenging,2,3,4 both from a clinical and histological point 

of view, because of various overlapping features. The caruncle comprises both skin and 

conjunctival elements. Therefore, lesions of both tissue types must be considered in the 

differential diagnosis. In the skin, melanocytic lesions comprise a broad differential diagnosis, 

including a conventional melanocytic nevus,5 a blue nevus, a Spitz nevus, a DPN, and 

melanoma.5,6 The difference between melanoma and a DPN can be very challenging as both 

may share worrisome features including cytological atypia, mitotic figures in the deeper 

parts of the lesion, and absent maturation. Furthermore, a DPN may show perineural 

extension. Yet, in contrast to melanoma, in DPN, recurrences are uncommon4 and these 

lesions rarely show malignant transformation.4,7 This emphasizes the need for additional 

techniques, including immunohistochemistry and molecular analysis, for further 

characterization.

The current lesion harbored two different components with presence of a mitotic figure in 

the stromal part of the lesion and one of the components lacking maturation, without loss of 

staining intensity in the HMB-45 staining towards the deeper parts of the lesion. Additional 

to these worrying features, both components harbored a BRAF mutation, which may occur 

in both skin and conjunctival melanoma.7,8 In this perspective, β-catenin, with direct 

transcriptional target cyclin D1,9 is of interest, which plays an important role in both the 

MAPK pathway7 and the Wnt pathway.3 A CTNNB1 mutation is absent in conventional nevi, 

but is present in DPN.7 Although this mutation is also found in DPN-like melanoma, both skin 

and conjunctival melanoma harbor TERT mutations.7,10 Moreover (DPN-like) skin melanomas 

are reported to also harbor TP53 and BAP1 mutations, as well as biallelic loss of CDKN2A, in 

contrast to DPN without malignant behavior.7 Since these mutations were not detected in 

our case, the diagnosis of DPN is confirmed.
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In conclusion, this is the first description, including molecular characterization, of a DPN 

located on the lacrimal caruncle. Because of the unique composition of the caruncle, there 

is a broad differential diagnosis regarding pigmented lesions. As these lesions may be very 

difficult to discriminate by clinical and histological examination only, additional molecular 

analysis might be necessary in rendering a correct diagnosis. Furthermore, this first 

presentation of a DPN of the lacrimal caruncle emphasizes the similarities of the caruncle 

with the skin.
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ABSTRACT

Purpose: Chemokines play a role in the progression and metastatic spread of both cutaneous 

and uveal melanomas. The aim of this study was to examine the prognostic value of expression 

of chemokine receptors CCR7, CXCR4, and CCR10 in conjunctival melanocytic lesions.

Methods: In total, 44 conjunctival nevi, 21 cases of primary acquired melanosis with atypia 

(PAM) and 35 conjunctival melanomas, were included. After immunohistochemical staining 

for CCR7, CXCR4, and CCR10 the immunoreactive score (IRS) was determined. The findings 

were correlated for association with melanoma and development of metastasis. For 

mechanistic evaluation, we used a mouse melanoma metastasis model using two human 

conjunctival melanoma cell lines, CM2005.1 and CRMM1.

Results: All tested chemokines showed a significantly higher expression in conjunctival 

melanoma than conjunctival nevi. There was a statistically significant difference between the 

IRS in nevi and PAM for nuclear IRS in CCR10 (P = 0.03) and both nuclear and cytoplasmic IRS 

in CXCR4 (P < 0.01 and P = 0.03, respectively); this was also true evaluating the groups PAM 

and melanoma all together (P < 0.01). Furthermore, a trend for lower IRS was seen in cases 

of melanoma without metastasis, with a suggestive pattern of a higher IRS in cases that did 

develop metastases, supported for CXCR4 using the mouse melanoma metastasis model.

Conclusions: Expression of specific chemokines changes during the progression and 

metastatic spread of conjunctival melanocytic lesions. Differential chemokine profiles may 

hold prognostic value for patients with conjunctival melanomas and might be considered as 

a therapeutic target.
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Conjunctival melanomas comprise 5% of all ocular melanomas1 and show an increase in 

incidence. The majority of these melanomas is derived from primary-acquired melanosis 

(55%), while 25% arises de novo, and a minority of the conjunctival melanomas derives from 

nevi.2 Conjunctival melanoma is associated with morbidity due to the frequent recurrences, 

with a 10-year mortality rate due to metastasis up to 30% to 39% in 10 years.2,3 Once 

metastasized, there are only limited treatment options. This emphasizes the need for 

identification of biomarkers for early detection, prediction, and as potential treatment 

targets of lesions with more aggressive behavior. Many attempts have been made to predict 

the metastatic behavior of a conjunctival melanocytic lesion searching for prognostic 

parameters, including clinical and histopathologic parameters4 and molecular changes, such 

as BRAF and TERT promoter mutations.5 Nevertheless, the exact mechanism of metastasis 

has not been elucidated yet. Chemokines are thought to be involved in tumor proliferation, 

invasion, and angioinvasiveness,6,7,8 and to play an important role in the metastatic process in 

different types of cancer,9 including cutaneous and uveal melanoma.9,10,11,12 Furthermore, 

chemokines play a role in inflammatory responses,13,14 which might be involved in tumor 

progression.14,15 Chemokine receptors are cytokine receptor-like G-linked proteins on the cell 

surface and are classified into four different groups, depending on the position of the cysteine 

residues.10,11,14 It is suspected that tumor cells that express specific chemokine receptors tend 

to migrate toward the specific organ that produces the complementary ligand.7,10,14,16,17 In this 

metastatic process, a role of a chemokine gradient is suggested6,18 as well as an interaction 

between different chemokines and their receptors, matrix metalloproteinases, VEGF, and 

EGFR.7 In melanocytic tumors, CXCR4, with its ligand CXCL12 (also known as stromal 

cell-derived factor 1 [SDF-1]7,17), CCR7 with ligands CCL19 and CCL21,9,18 and CCR10 with 

ligand CCL27 are thought to play a role in the metastatic spread.18 So far little is known 

regarding chemokine receptor expression in conjunctival melanoma.3 

The aim of this study was to examine the prognostic value of tumor cell expression of 

chemokine receptors CCR7, CXCR4, and CCR10 in conjunctival melanocytic lesions, with 

emphasis on chemokines predicting progression toward melanoma and melanoma 

metastasis, in order to provide a basis for more precise selection of patients in need of 

follow-up. 
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Materials and Methods

Tissue Samples

Formalin-fixed paraffin-embedded samples of 44 conjunctival nevi, 21 cases of PAM with 

moderate to severe atypia and 35 conjunctival melanomas, were collected at the Erasmus 

MC, Department of Pathology, The Netherlands, between 1987 and 2013. All relevant slides 

were revised by an ophthalmic pathologist (RVE). For every case of PAM, information about 

the presence of melanoma at some point in the patients' history was collected from the 

patient records (in The Rotterdam Eye Hospital and Erasmus MC, Rotterdam, The Netherlands) 

and the nationwide pathology network and registry system (PALGA). In a similar manner 

information about melanoma metastasis was collected. Medical Ethics Committee approval 

was obtained (Medisch Ethische Toetsingscommissie reference 67865). Patient characteristics 

are displayed in Table 1. Depending on the size of the lesion one to three representative 

5-mm cores were selected from the relevant blocks of the formalin-fixed paraffin embedded 

material, in order to produce a tissue microarray (TMA).12 

 
Table 1. Patient Characteristics for Conjunctival Nevi, Primary-acquired Melanosis, and Conjunctival Melanoma, 
Respectively

Sex M/F Mean Age at Time of Diagnosis (y) Mean Follow-up (y)

Nevi 20 (45%)/24 (55%) 41 (6-84) 0 (0-0)

PAM with atypia 12 (57%)/9 (43%) 63 (33-86) 5.2 (0-18.5)

Melanoma 25 (71%)/10 (29%) 64 (41-87) 4.8 (0-21.4)

Immunohistochemistry (IHC) CCR7, CXCR4, and CCR10

The samples were stained using an automated IHC staining system (Ventana Benchmark 

ULTRA; Ventana Medical System Inc., Tucson, AZ, USA), using alkaline phosphatase method 

for all antibodies, as described by Van den Bosch et al.12 In short, after deparaffinization and 

heat-induced antigen retrieval (CCR7, CCR10) or protease treatment (CXCR4), the tissue 

sections were incubated with primary mouse antibody against CCR7 for 64 minutes at 97°C 

(clone 150503, 1:5000; R&D Systems, Minneapolis, MN, USA), CXCR4 for 36 minutes at 97°C 

(clone 44716, 1:128,000; R&D Systems), and primary rabbit antibody CCR10 for 64 minutes 

at 97°C (ab30718, 1:400; Abcam, Cambridge, UK). The tissue was counterstained with 
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hematoxylin II followed by bluing reagent, according to the manufacturer's instructions. 

Liver, tonsil, intestinal, and breast tissue was used as a control. 

For every TMA core an immunoreactive score (IRS) was determined. We first determined the 

intensity of the staining (absent, mild, moderate, and intense, scored as 0, 1, 2, or 3, 

respectively). For CCR10 and CXCR4, the intensity of the nuclear and the cytoplasmic staining 

was determined separately; for CCR7 only cytoplasmic staining was observed (Figure 1).  

Next, the percentage of stained cells that showed the predominant intensity was determined; 

no positive cells were scored as 0% and less than 10%, 10% to 50%, 51% to 80%, and more 

than 80% were scored as 1, 2, 3, or 4, respectively. Then, IRS was calculated by multiplying 

the score for percentage of stained cells with the score for the intensity of the staining. The 

IHC staining was evaluated by an ophthalmic pathologist (RVE), a senior pathology resident 

(JIP), and medical student (KBA) trained in the assessment of conjunctival lesions and IRS 

evaluation, using light microscopy; in case of a difference consensus was reached by joint 

re-evaluation. It was not possible to determine the IRS for all chemokines in every case, 

either due to detachment of the core during the staining procedure or due to lack of material. 

For the 32 cases where multiple cores per chemokine staining were available for review, the 

highest IRS for each case was used for further analysis. No age-related differences in staining 

intensity were observed. 

Figure 1. Melanoma, hematoxylin and eosin staining (A, magnification ×100), immunohistohemical chemokine 
expression of CCR7 (B, IRS 12, magnification ×100), CXCR4 (C, nuclear IRS 12, cytoplasmic IRS 8; magnification ×100), 
and CCR10 (D, nuclear IRS12, cytoplasmic IRS 8; magnification ×500).

Cell Lines

To validate our data, we used two conjunctival melanoma (CM) cell lines, CRMM-1 and 

CM2005.1 in an in vivo mouse metastasis model, as described by De Waard et al.19 Human 

CM cell line CRMM1 was established by Gordon Nareyeck (Essen, Germany; kindly provided 
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by Michele Madigan, Sydney, Australia). CM2005.1 was established by Sander Keijser (LUMC, 

Leiden, The Netherlands).20,21 In short, the cell lines of CRMM-1 and CM2005.1 were 

separately administered to mice by injecting the cells into the nasal subconjunctival space. 

These mice developed local malignant melanocytic tumors, as confirmed by histopathology, 

but no metastases. The local tumor tissues were harvested and culture passages were 

produced. These passages were then separately administered to other mice. In addition to 

local tumor growth, those latter mice did develop metastases. The tissue of the orbital 

exenterations as well as the tissue of the metastasis was examined by light microscopy. All 

tissues were stained with CCR10, CCR7, and CXCR4 antibodies and the IRS was determined as 

described before. 

Statistical Analysis

The Wilcoxon rank sum test was used to determine whether there was a statistical difference 

in expression of the different chemokines between the different melanocytic lesions (nevi 

compared with PAM, nevi versus melanoma, PAM with versus without occurrence of 

melanoma, melanoma with versus without development of metastasis and comparison of 

nevi versus the not benign lesions [precursor and melanoma lesions all together]). A P < 0.05 

was considered significant. 

Results

Immunohistochemistry

Nevi Versus PAM

The IRS in nevi could be determined for CCR7 in 32 cases (72%) and for CXCR4 and CCR10 in 

respectively 39 (89%) and 33 cases (75%). In the PAM IRS could be determined for CCR7 in 20 

cases (95%), CXCR4 in 15 cases (71%), and CCR10 in 11 cases (52%). The IRS pattern of PAM 

showed a different chemokine receptor expression pattern when compared with the nevi 

group, with a nuclear IRS less than 4 only observed in nevi for both CCR10 and CXCR4. The 

difference between nevi and PAM was significant for nuclear IRS in CCR10 (P = 0.03) and both 

cytoplasmic and nuclear IRS in CXCR4 (P = 0.03 and P < 0.01 respectively; Table 2). CCR7 did 

not prove to be differentially expressed. 
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Table 2.  P Values of the Chemokine Receptor Expression (CCR10, CXCR4). When Comparing the Different Subgroups 
(Conjunctival Nevi, Primary Acquired Melanosis [PAM+], and [Metastasized] Conjunctival Melanoma).

CCR7 CCR10
Cytoplasm Nuclear

CXCR4 
Cytoplasm Nuclear

Nevus vesus PAM+ 0.97 0.46 0.03 0.03 < 0.01

Nevi vesus melanoma 0.02 < 0.01 0.01 < 0.01 < 0.01

PAM+ versus melanoma 0.02 0.046 0.86 0.84 0.06

Nevi versus (pre-)malignant lesions 0.10 < 0.01 < 0.01 < 0.01 < 0.01

Melanoma associated PAM+ versus not melanoma 
associated PAM+

1 0.52 0.92 0.51 0.15

Metastasized melanoma versus non metastasized 
melanoma

0.12 0.82 0.59 0.44 0.38

Bold values indicate statistical significance, P < 0.05

Nevi Versus Melanoma

For the melanoma IRS could be determined for both CCR7 and CXCR4 in 34 cases (97%) and 

for CCR10 in 33 cases (94%). For all tested chemokines, in general a high IRS was more 

frequently found in the melanoma group. For CCR7 medium to low IRS (IRS < 8) was only 

seen in nevi and not in the melanoma group (Figure 2), with a significant difference in IRS 

score (P = 0.02; Table 2). This difference in both cytoplasmic and nuclear IRS also showed 

statistical significance for CXCR4 and CCR10 (maximum P = 0.01; Table 2). 

Figure 2. Boxplots immunoreactive score chemokine receptor expression in conjunctival nevi and melanoma.
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PAM and Association With Melanoma

Eleven (52%) of the cases of PAM were associated with melanoma. IRS could be determined 

in eleven (100%), eight (73%), and five (45%) cases for CCR7, CXCR4, and CCR10, respectively, 

with IRS determined for cases without melanoma association in nine (90%), seven (70%), and 

five (50%) cases for CCR7, CXCR4, and CCR10, respectively. Low to medium IRS (IRS < 9) for 

nuclear expression in CXCR4 was only found in the precursor lesion without melanoma 

association; strikingly the opposite was seen for cytoplasmic IRS for CXCR4 with more 

frequently a low IRS in cases that were associated with melanoma. For CCR10 only a relatively 

high IRS (IRS > 8) was seen for nuclear expression in cases without an association with 

melanoma, with a tendency of an opposite effect in the cytoplasmic IRS for CCR10 (see 

also Figure 3). For CCR7 a medium to low IRS (IRS < 8) was only seen in PAM without melanoma 

association. However, none of these findings proved to be statistically significant (Table 2). 

  
 

Figure 3. Boxplots immunoreactive score chemokine receptor expression in primary acquired melanosis (PAM+) 
associated with conjunctival melanoma (PAM+/mel+) and PAM+ not associated with melanoma (PAM+/mel−).

Melanoma and Development of Metastasis

IRS could be determined for all chemokines in all the metastasized melanoma cases (n = 5) 

and for 29 (97%), 28 (93%), and 29 (97%) non- metastasized melanomas in CCR7, CCR10, and 

CXCR4, respectively. IRS 0 was only seen in cases of melanoma without metastasis for 

chemokine CXCR4 and CCR10 expression (both nuclear and cytoplasmic expression), with a 

suggestive pattern of high IRS in cases that did develop metastases, as was seen for CXCR4 
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(Figure 4). Yet, none of these findings proved to be statistically significant. Next, we tested if 

we could find a differential expression pattern between the primary melanoma and the 

metastasized lesion, because of the theory that melanoma with high chemokine expression 

would be attracted to the target organ. Given the results for skin melanoma,22 one might 

expect a higher chemokine expression in the metastatic lesion. For none of the tested 

chemokines, either cytoplasmic or nuclear expression, a differential pattern was found 

between the chemokine expression in the primary tumor and the corresponding metastatic 

lesion (data not shown). In light of this discrepancy between the results for skin melanoma 

and conjunctival melanoma we used a mouse model to provide further insight in the 

mechanism of metastatic spread of conjunctival melanoma. 

Figure 4. Boxplots immunoreactive score chemokine receptor expression in conjunctival melanoma with metastasis 
(mel/M+) and melanoma without metastasis (mel/M−).

 

We also evaluated whether the above-mentioned findings for CCR10 and CXCR4 would 

change by taking into account only the highest IRS, without distinction between cytoplasmic 

or nuclear IRS. No new insights were gained. 
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Cell Lines

After the first administration, both conjunctival melanoma cell lines CRMM-1 and CM2005.1 

gave rise to a local subconjunctival melanoma, but none of the mice developed metastases. 

After culture passage and administration of these passages to new mice, both cell lines 

(hereafter mentioned as passaged tumor) gave rise to metastasis to the lungs. For CXCR4 

there was an increased expression in the passaged tumor and the metastasized lesion relative 

to the primary inoculated tumor (Figures 5 and 6). We observed no further increase in 

chemokine receptor expression in the metastatic lesion compared with the passaged tumor. 

Neither of the two cell lines showed a difference in expression for CCR10 or CCR7 comparing 

the primary tumor, the passaged tumor, and the metastatic lesion (Figures 5 and 6). 

Figure 5. Chemokine receptor expression in the mouse metastasis model using conjunctival melanoma cell line 
CM2005.1 (upper and middle figures being the primary tumour [primary tumor and passaged tumor (P#3), 
respectively]) and the lower figures being the metastatic lesion (lung P#4), with the figures on the left side depicting 
CCR7 expression, the middle figures depicting CCR10 expression and on the right side figures depicting CXCR4 
expression.
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Figure 6. Chemokine receptor expression in the mouse metastasis model using conjunctival melanoma cell line 
CRMM1 (upper and middle figures being the primary tumor [primary tumor and passaged tumor (P#3), respectively]) 
and the lower figures being the metastatic lesion (lung P#4), with the figures on the left side depicting CCR7 
expression, the middle figures depicting CCR10 expression and on the right side figures depicting CXCR4 expression.

Chemokine Expression in Human Primary Melanoma and Related Metastatic Lesions

Chemokine expression was analyzed for all described chemokines in the tissue of four 

patients, whose primary lesion as well as the corresponding metastatic lesion were available 

for analysis. The IRS was determined as described in the primary lesion and the corresponding 

metastasis subsequently. No specific pattern was found evaluating the IRS in the primary 

lesion and the corresponding metastatic lesion. 

Discussion

CCR10, CCR7, and CXCR4 are known to play an important role in the tumorigenesis of 

cutaneous melanomas.23 Because of the resemblance of skin melanoma and conjunctival 

melanoma in many ways24 we aimed to evaluate the prognostic value of chemokine 

expression in conjunctival melanocytic lesions. 
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In this study, we found significant differences in chemokine profile in nevi versus primary 

acquired melanosis with atypia and melanoma, with a low chemokine level for all tested 

chemokines in the nevus group. This was also true when evaluating the chemokine analysis 

in the nevi versus the premalignant lesions and the malignant lesions combined. 

CXCR4 is known to be highly involved in the carcinogenesis of various tumors,9 with CXCR4/

CXCL12 (SDF-1) pathway described to be involved in skin melanoma,17 colorectal cancer,25 and 

uveal melanoma,26,27 among others. Binding of CXCR4 to CXCL12 induces the phosphoinositide 

3-kinase(PI3K)-AKT and mitogen-activated protein kinase (MAPK) pathways9,14,26 resulting in 

tumor cell survival and migration.9 PI3K-AKT activation combined with the MEK pathway also 

induces matrix metalloproteinase expression giving rise to degradation of the extracellular 

matrix, while the PI3K-pathway combined with extracellular signal-regulated kinases 1/2 

(ERK1/2) results in cell invasiveness. Furthermore, the production of proangiogenic factors, 

including VEGF, in response to CXCL12 contributes to the carcinogenic effect.9 Petit et 

al.28 suggest a vicious circle with hypoxia induced by the tumor resulting in upregulation of 

VEGF, with not only tumor cells and tumor stroma cells, but also endothelial progenitor cells 

expressing and secreting SDF1, the expression of SDF-1 directly being linked to the magnitude 

of the hypoxia. These pathways may also explain our results concerning both cytoplasmic 

and nuclear IRS for CXCR4 in nevi versus (pre-)malignant lesions. Different results were found 

in the study of chemokine receptor expression in uveal melanoma by Van den Bosch et 

al.,12 which might be explained by the difference in location and well-known involvement of 

other (epi)genetic factors.5 

The CCR7/CCL21 axis is also involved in the tumor progression via the aforementioned 

pathways,9 with a high expression of CCR7 associated with an adverse prognosis in both 

cutaneous and uveal melanoma.12 Therefore, one might presume that the lower the 

expression of CCR7 the more unlikely the cells are to migrate and invade, explaining our 

findings of low IRS in nevi, in contrast to the lesions with frank malignant behavior (i.e. 

melanoma). Furthermore, this pathway is known to be involved in attracting specific 

inflammatory cells toward the tumor in vicinity of CCL21 of that tumor, resulting in inhibition 

of the melanoma.13 Because all but one of the melanoma cases in this study (n = 34) did have 

a lymphocytic infiltrate associated with the tumor, one might expect some influence of this 

infiltrate on the tumor behavior. One might assume that higher expression of CCR7 of the 
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tumor leads to higher levels of CCL21 in the environment of the tumor, thereby influencing 

the behavior of the tumor by the lymphocytic infiltrate, leading to a more favourable course. 

We were not able to confirm this assumption with the results of our study, may be because 

of the influence of high (co-)expression of CXCR4, which is also suggested to play a role in 

tumorigenesis via lymphocyte infiltration.14,15 

Overexpression of CCR10 is associated with a worse prognosis, as described in cutaneous 

melanoma.17 Adverse behavior of melanocytic lesions with CCR10 overexpression was also 

found in our study. 

Although clear differences were observed between the benign and the (pre-)malignant 

groups, no statistical differences were found when comparing PAM associated with melanoma 

versus PAM without association with melanoma. The relatively small sample size of the group 

PAM might explain this lack in statistical significance. On the other hand, PAM is interpreted 

by some as melanoma in situ29 and only cases showing moderate to severe atypia comparable 

to a minimal conjunctival melanocytic intraepithelial neoplasia (C-MIN) score of 5 have been 

selected for this study. According to this newly proposed grading system a C-MIN score of 5 

and higher can be interpreted as melanoma in situ.29 In view of this, it may not be surprising 

that the chemokine expression between melanoma in situ and melanoma shows no 

statistically significant differences. 

Another aim of this study was to evaluate whether it would be possible to make a prediction 

about the metastatic potential of a malignant lesion on the basis of chemokine expression. In 

this study we frequently found a high IRS for CXCR4 in lesions that did metastasize, congruent 

with findings in other studies where CXCR4 overexpression is said to enhance invasive 

capacity.7,11,25,30 Of particular interest is the very low IRS of CXCR4 that was seen in the cases 

that did not develop metastasis. This is in line with the suggestion of Ehtesham et al.30 that 

silencing of CXCR4 could inhibit the metastatic potential of the tumor cells and the statement 

of CXCR4 being very important in metastatic capacity as was also confirmed in other 

studies.7,30 This also explains our finding of a higher metastatic potential of melanomas with 

a higher CXCR4 expression compared with melanomas with less expression of CXCR4. 

Although this is a suggestive pattern, in our cohort no statistical significance could be found 

comparing the chemokine expression in the melanomas that proved to have metastatic 
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capacity and the melanomas without metastasis, probably because of the small group size of 

the metastasized group. Given these results, in combination with the results described by 

others in skin melanoma,22 we tested if a differential chemokine receptor expression pattern 

could be observed in a mouse metastasis model for conjunctival melanoma. In this model, 

we show that at primary inoculation the tumors that developed from the human conjunctival 

melanoma cell lines have low expression of CXCR4 and no metastasis were seen. In contrast, 

after passaging and inoculation into new mice, melanomas with high CXCR4 expression 

developed metastases to the lungs. This is in concordance with the known beneficial 

environment in the lungs for CXCR4 expressing melanoma cells.23 Such findings were not 

seen for CCR7 and CCR10 and appeared to be limited to CXCR4 expression, where both 

nuclear and cytoplasmic expression were increased in the passaged tumor and the metastatic 

lesion. The increase in nuclear expression is interesting, because CXCR4 is a membranous 

protein. Increased nuclear expression of CXCR4 has been explained by either a mutation in 

CXCR4, leading to misfolding and mistranslocation of the protein or elevated levels of SDF-1 

causing internalization of CXCR4, resulting in nuclear CXCR4 expression, as suggested by 

Wang et al.25 The enhanced metastatic capacity caused by increased CXCR4 expression, and 

the absence of similar results for CCR10 and CCR7, might be explained by a combined 

pathway with involvement of a mutation (either in SDF-1 or CXCR4) in (synergistic) 

combination with an alternative pathway with CXCR4 involvement. This hypothesis has yet to 

be explored. 

Consistent with the pattern observed in the mouse model, in human tissue the chemokine 

expression in the primary tumor when compared with the corresponding metastatic lesion 

did not show further upregulation in the metastatic lesion versus the primary tumor. This 

finding might be due to the small sample size. Another explanation might be that evaluation 

of protein expression by (only) immunohistochemistry is not sensitive enough and that 

alterations on mRNA level have to be evaluated as well to show further upregulation of 

chemokine receptor expression after metastasis. Discrepancies between chemokine 

expression by immunohistochemical evaluation and mRNA level have been reported.18,31 Last, 

and most important, increased chemokine receptor expression in the primary tumor may be 

sufficient for homing to the metastatic site with no need for further upregulation upon 

arrival. 
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Although we were not able to find a statistically significant predictive chemokine expression 

pattern in the tumor cells that could discriminate the melanoma associated PAM from the 

PAM not associated with melanoma progression, we did find a significant difference when 

comparing the PAM and melanoma with the nevi, suggesting a clear role for CCR7, CCR10, 

and CXCR4 overexpression in the melanoma tumorigenesis. The mouse conjunctival 

melanoma metastasis model showed upregulation of CXCR4 to be related to metastatic 

potential of two human conjunctival melanoma cell lines. This implies that suppression of 

the expression of those chemokine receptors, for example by means of medication (CCR7, 

CCR10, and CXCR4 antagonists), might either prevent or possibly reduce the tumor 

progression, by influencing the tumor environment, angiogenesis, and proliferation capacity 

of the tumor cells, and might prevent recurrences or metastasis. Of course, this has to be 

examined in further studies and caution is required, given the results of Wendt et 

al.32 suggesting that interruption of the CXCR4-CXCL12 axis can favor metastatic disease. 

Conclusions

Our results confirm the involvement of CCR7, CCR10, and CXCR4 in neoplastic melanocyte 

biology of the conjunctiva. Especially CCR10 and CXCR4 changes during the progression and 

metastatic spread of conjunctival melanocytic lesions. Differential chemokine profile may 

hold prognostic value for patients with conjunctival melanomas and might be considered as 

a therapeutic target. 
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Conjunctival melanoma is a rare tumor with an incidence of 0.2 to 0.8 cases per 1 million 

people, although the incidence is increasing. Local recurrences and metastases are 

common.1 Up to 17% of the melanoma arise from nevi.2 In contrast to skin melanoma, for 

which many risk factors for a malignant course are known, the risk factors for conjunctival 

melanoma are currently not well understood, despite many attempts to predict the lesions’ 

behavior by clinical and histopathologic characteristics and molecular parameters.1,2,3 A 

stringent follow-up and aggressive management is required to prevent significant morbidity 

and mortality, with only limited treatment options after a lesion has metastasized.2 These 

factors emphasize the need for informative biomarkers that can predict the lesion’s behavior 

at an early stage of the disease.

During the last decades, microRNAs (miRNAs) have gathered interest with regard to their role 

in physiologic processes and can act either like a tumor suppressor or an oncogene.4 Because 

of the similarities between skin melanoma and conjunctival melanoma2 and the promising 

results of the involvement of miRNAs in skin melanoma,5 miRNAs may play an important role 

in the development of conjunctival melanoma as well.

In this study, we focused on discriminating miRNA levels in benign versus malignant 

conjunctival melanocytic lesions and differences in miRNA levels in the conjunctival 

melanoma with versus without metastases to determine whether it is possible to predict 

metastatic potential. For the first analysis, we used a discovery set consisting of 6 conjunctival 

nevi and 20 conjunctival melanoma cases, collected at the Department of Pathology, Erasmus 

MC-University Medical Center, Rotterdam, the Netherlands. For validation of the results, an 

independent validation cohort, consisting of 19 conjunctival melanoma and 13 conjunctival 

nevi cases from the University Hospital Leuven, Leuven, Belgium, was used. The non-metastatic 

cases in the discovery set had a median follow-up of 7 years (range, 4.8–14.3 years for nevi 

and 0.1–21.4 years for conjunctival melanoma without metastases) and a median follow-up 

of 4 years (range, 0.6 to 6.9 years) for melanoma with metastasis. The patients from the 

University Hospital Leuven had a median follow-up for melanoma of 7 years (range 0.0–15.0 

years) and for nevi of 0.3 years (range 0.0–10.6 years); Table S1. Ethics committee approval 

was obtained. All research adhered to the tenets of the Declaration of Helsinki. Due to the 

noninterventional retrospective nature of the study informed consent was not required.
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The relevant slides were reviewed and subsequently, tumor-rich tissue was selected, 

containing at least 60% tumor cells, avoiding contamination with normal epithelium 

or inflammatory infiltrate. The formalin-fixed paraffin-embedded (FFPE) tissue, as is suitable 

for this analysis method,6 was cut, and the macrodissected tumor was dissolved in Trizol 

Reagent (ThermoFisher Scientific, PN 15596018; Bleiswijk, the Netherlands). Subsequently, 

total RNA was isolated using the Direct-zol RNA microPrep Kit from Zymo Research (Baseclear, 

art. no. R2062; Leiden, The Netherlands). After different quality checks, RNA samples of 

suitable quality (quantification cycle [Cq] value <32 for RNU48) were subjected to miRNA 

profiling using the TaqMan Low Density Array Card A (ThermoFisher Scientific) as described 

in the manufacturer’s protocol.

The TaqMan miRNA array output data were uploaded in the ThermoFisher Cloud App and 

were analyzed using defined threshold settings for each individual miRNA. Because of the 

variability of the quality of the FFPE tissue samples, different normalization procedures were 

applied. After normalization, the data were analyzed using the statistical tools in QbasePlus 

(Zwijnaarde, Belgium) (Mann–Whitney U test with correction for multiple testing). 

Amplification curves of potential targets were inspected in the ThermoFisher Cloud App and 

those exhibiting robust amplification were selected for further investigation using individual 

TaqMan assays. SPSS statistics software version 24 (SPSS, Inc; IBM-Netherlands, Amsterdam, 

The Netherlands) was used for constructing the receiver operating characteristic (ROC) 

curves and to calculate the area under the ROC curve.

We analyzed conjunctival nevi versus primary conjunctival melanoma with versus without 

metastasis. In the discovery cohort, miRNAs miR-9-5p, miR-18b-5p, miR-196-5p, miR-425-5p, 

miR-450a-5p, miR-501-5p, and miR-615-3p showed significant differential levels, with a 

higher median Cq-value concerning the raw data for the melanoma group compared with 

the nevi group (Fig S1A [normalized data], Table S2 [raw data and normalized data]). The 

miRNAs in the independent cohort as well as evaluating all samples combined revealed a 

similar pattern, with at least a P value ≤ 0.001 for miR-9-5p, miR-196b-5p, miR-450a-5p, 

miR-501-5p, and miR-615-3p. Combining the 3 best performing miRNAs (miR-196b-5p, 

miR-615-3p, and miR-9-5p) resulted in an area under the ROC curve of 1.000 for the discovery 

cohort and of 0.980 for the independent validation cohort (0.983 and 0.972 for the 

combination of miR-615-3p and miR-9-5p, respectively; Table 1). No differences in miRNA 

levels were found in the melanoma group with versus without metastasis (Fig S1B, Table S2).
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Table 1. MicroRNAs for Discrimination of Benign and Primary Malignant Conjunctival Melanocytic Lesions

Discovery Cohort Validation Cohort

Nevi Melanoma Nevi Melanoma

6 20 13 19

P Value/Fold Change P Value/Fold Change/Area under the ROC Curve

MicroRNAs

 miR-18b-5p <0.002/72 0.043/5/0.721

 miR-196-5p 0.012/10 <0.0001/48/0.947

 miR-425-5p <0.001/2.6 0.21/1.2/0.636

 miR-450a-5p <0.001/8.3 <0.001/2.8/0.899

 miR-501-5p 0.039/2.0 <0.001/2.9/0.891

 miR-615-3p 0.001/13 <0.001/261/0.964

 miR-9-5p <0.001/13 <0.001/18/0.955

Area under the ROC Curve

Combined microRNAs

 miR-196b-5p, miR-615-3p, and miR-9-5p 1.000 0.980

 miR-615-3p and miR-9-5p 0.983 0.972

Individual TaqMan assays were carried out for samples from FFPE tissues from the Erasmus University Medical 
Center (discovery cohort) and the University Hospital Leuven (validation cohort). Fold change for the melanoma and 
nevi cohorts and Mann–Whitney U test results with correction for multiple testing P values are from QbasePlus and 
the areas under the ROC curve are from SPSS software version 24.

In this study, we focused on upregulated miRNAs, because this finding is less influenced by 

factors like the amount and quality of the available tissue. This makes detecting upregulated 

miRNAs attractive for implementation in routine diagnostics. In daily practice, it can be very 

difficult to distinguish a benign from a malignant melanocytic lesion based on only histologic, 

immunohistochemical, and the well-known molecular findings.3 However, predicting the 

behavior of the melanocytic lesion is of high clinical importance. In this study, 5 miRNAs (of 

377 miRNAs [1.3%]) show increased Cq-values in conjunctival melanoma compared with 

nevi, with combined higher Cq-values of miR-9-5p, miR-196b-5p and miR-615-3p strongly 

associated with malignancy. This combination of miRNAs is certainly of interest with regard 

to the pathogenesis of conjunctival melanoma, in which a shared pathway for these miRNAs 

is suggested, possibly involving the homeobox gene clusters.7 Furthermore, this combination 

may be of additional use in routine diagnostics to discriminate benign from malignant 

conjunctival melanocytic lesions, in case the amount of tissue or the currently available 

techniques seem to be insufficient. Additionally, miRNAs may be of interest with regard to 
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targeted therapy. Unfortunately, we did not find miRNAs that could predict metastatic 

potential, emphasizing the need for further studies on this subject. MiRNA profiling also will 

be of interest in the evaluation of primary acquired melanosis (PAM), because this condition 

is considered a risk factor for the development of melanoma1 and grading of PAM using a 

more objective method would have major consequences for both therapy and follow-up. 

However, to obtain reliable results, it is very important to avoid contamination of the atypical 

melanocytes with adjacent tissue. To overcome this problem, laser microdissection of single 

atypical melanocytes could be used in a research setting. However, such a laborious method 

would be less attractive for implementation in routine diagnostics. In the future, the diagnosis 

possibly may be made based on liquid biopsies in blood or tear film, rendering the 

histopathologic features no longer applicable.
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Supplementary Table S1. Description of the patient samples and cell lines included in the study.

UniqID Specimen Age at time of diagnosis Metastasized Follow up (years) Series

EMC001 Melanoma 60 No 0.1 Discovery

EMC002 Melanoma 65 No 0.1 Discovery

EMC003 Melanoma 64 No 6.8 Discovery

EMC004 Melanoma 79 No 1.2 Discovery

EMC005 Melanoma 65 No 21.4 Discovery

EMC006 Melanoma 64 No 2.4 Discovery

EMC007 Melanoma 84 No 2.9 Discovery

EMC008 Melanoma 73 No 9.8 Discovery

EMC009 Melanoma 84 No 0.1 Discovery

EMC010 Melanoma 56 Yes 4.3 Discovery

EMC011 Melanoma 56 Yes 4.3 Validation

EMC012 Melanoma 49 Yes 6.9 Discovery

EMC013 Melanoma 65 Yes 4.6 Discovery

EMC014 Melanoma 74 Yes 4.1 Discovery

EMC015 Melanoma 51 Yes 2.1 Discovery

EMC016 Melanoma 46 Yes 0.6 Discovery

EMC017 Melanoma 68 Yes 0.7 Discovery

EMC018 Melanoma 37 Yes 5.8 Discovery

EMC019 Melanoma 52 Yes 6.2 Discovery

EMC020 Melanoma 44 Yes 0.6 Discovery

EMC021 Melanoma 41 Yes 4.2 Discovery

UHL014 Melanoma 81 Yes 13.9 Validation

UHL015 Melanoma 77 No 0 Validation

UHL016 Melanoma 54 No 7.3 Validation

UHL017 Melanoma 71 No 5.3 Validation

UHL018 Melanoma 62 Yes 6.6 Validation

UHL019 Melanoma 78 No 5.1 Validation

UHL020 Melanoma 60 No 9.7 Validation

UHL021 Melanoma 57 Yes 3.3 Validation

UHL022 Melanoma 26 No 7.5 Validation

UHL023 Melanoma 59 No 13.3 Validation

UHL024 Melanoma 81 No 0.1 Validation

UHL025 Melanoma 60 Yes 0 Validation

UHL026 Melanoma 49 Yes 14.2 Validation

UHL027 Melanoma 47 No 14.9 Validation

UHL028 Melanoma 84 Yes 5.4 Validation
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UniqID Specimen Age at time of diagnosis Metastasized Follow up (years) Series

UHL029 Melanoma 76 Yes 1.6 Validation

UHL030 Melanoma 53 No 9.2 Validation

UHL031 Melanoma 84 No 1.7 Validation

UHL032 Melanoma 64 Yes 15 Validation

EMC032 Nevus 8 NA 10.5 Discovery

EMC033 Nevus 8 NA 9.9 Discovery

EMC034 Nevus 15 NA 11.9 Discovery

EMC035 Nevus 56 NA 14.3 Discovery

EMC036 Nevus 30 NA 4.8 Discovery

EMC037 Nevus 20 NA 9.9 Discovery

EMC038 Nevus 34 NA 0 Validation

EMC039 Nevus 9 NA 0 Validation

EMC040 Nevus 27 NA 0 Validation

UHL001 Nevus 12 NA 1.6 Validation

UHL002 Nevus 13 NA 2.8 Validation

UHL003 Nevus 21 NA 0 Validation

UHL004 Nevus 2 NA 1.8 Validation

UHL005 Nevus 8 NA 0.1 Validation

UHL006 Nevus 29 NA 0 Validation

UHL007 Nevus 8 NA 0.4 Validation

UHL008 Nevus 53 NA 4 Validation

UHL009 Nevus 15 NA 10.6 Validation

UHL010 Nevus 14 NA 0.3 Validation

UHL011 Nevus 22 NA 0 Validation

UHL012 Nevus 13 NA 0.3 Validation

UHL013 Nevus 42 NA 0 Validation

Metastatic status and follow up of the benign and malignant conjunctival lesions that are included in the study. 
NA=not applicable.
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Supplementary Figure. Boxplots concerning the upregulated microRNAs in conjunctival melanocytic lesions.

Cq-value

Cq-value

 

Boxplots of the selected microRNAs (miRNAs) in conjunctival melanocytic lesions, using the normalized data of the 
single assay analysis, with in A) boxplots of the normalized Cq-values (Table manuscript) of the upregulated miRNAs 
that significantly differentiate between nevi (N, n=22) and melanoma (M, n=39). *p value = 0.001, **p value 50y in 
the group with metastasis (M+) and without metastasis (M-) (n=6 and n=13 respectively for M+, n=2 and n=18 
respectively for M-). No discriminating miRNAs are found comparing these different groups.

Table S2 [raw data and normalized data], available at www.aaojournal.org

https://www.aaojournal.org/


591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 78PDF page: 78PDF page: 78PDF page: 78

78

CHAPTER 4

References

1. Wong JR, Nanji AA,Galor A, Karp CL. Management of conjunctival malignant melanoma: a review and update. 
Expert Rev Ophthalmol, 9 (3) (2014), pp. 185-204.

2. Cao J, Heijkants RC, Jochemsen AG, et al. Targeting of the MAPK and AKT pathways in conjunctival melanoma 
shows potential synergy. Oncotarget, 8 (35) (2017), pp. 58021-58036.

3. Koopmans AE, Ober K, Dubbink HJ et al. Prevalence and implications of TERT promoter mutation in uveal and 
conjunctival melanoma and in benign and premalignant conjunctival melanocytic lesions. Invest Ophthalmol 
Vis Sci, 55 (9) (2014), pp. 6024-6030.

4. Babapoor S, Wu R, Kozubek J et al. Identification of miRNAs associated with invasive and aggressive phenotype 
in cutaneous melanoma by next-generation sequencing. Lab Invest, 97 (6) (2017), pp. 636-648.

5. Zhao G, Li Q, Wang A, Jiao J. YY1 regulates melanoma tumorigenesis through a miR-9∼RYBP axis. J Exp Clin 
Cancer Res, 34 (2015), p. 6..6

6. Liu A, Xu X. MicroRNA isolation from formalin-fixed, paraffin-embedded tissues. Methods Mol Biol, 724 (2011), 
pp. 259-26..7

7. Hoss AG, Kartha VK, Dong X et al. MicroRNAs located in the Hox gene clusters are implicated in Huntington’s 
disease pathogenesis. PLoS Genet, 10 (2) (2014), Article e1004188.



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 79PDF page: 79PDF page: 79PDF page: 79



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 80PDF page: 80PDF page: 80PDF page: 80



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 81PDF page: 81PDF page: 81PDF page: 81

PART III
Molecular characterization of conjunctival 
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[PART 6]
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CHAPTER 5.1

ABSTRACT

Aims To evaluate the prognostic value of clinical, histopathological and molecular features 

and to relate different treatment modalities to clinical outcome in conjunctival melanomas 

(CM).

Methods Retrospective review of clinical, histopathological and BRAF V600E and telomerase 

reverse transcriptase (TERT) promoter mutation status and treatment modalities, correlated 

to recurrence and metastasis in 79 patients with CM, diagnosed between 1987 and 2015 in 

three tertiary referral centres in the Netherlands and Belgium.

Results Out of 78 evaluable patients, recurrences occurred in 16 patients and metastasis in 

12 patients (median follow-up time 35 months (0–260 months)). Tumour thickness >2 mm, 

pT status, the presence of epithelioid cells, ulceration and mitoses was significantly correlated 

with metastasis (p value 0.046, 0.01, 0.02, 0.001 and 0.003, respectively). Furthermore, CM 

frequently harbour BRAF V600E and TERT promoter mutations (29% and 43%, 

respectively). TERT promoter mutations were correlated to shorter metastasis-free survival 

(p value 0.002). No significant correlation was found for clinical parameters and metastatic 

disease. Palpebral, forniceal and caruncular melanomas were more prone to develop 

recurrences (p value: 0.03). Most CM were treated with excision with adjuvant therapy.

Conclusion In line with the recommendations in the Eighth Edition of the American Joint 

Committee on Cancer Staging for CM, the pathology report should include information about 

pT status, tumour thickness, presence of epithelioid cells, ulceration and mitoses. 

Furthermore, information about the presence of a TERT promoter mutation and BRAF V600E 

mutation is of interest for therapeutic decision making. The presence of a TERT promoter 

mutation is correlated to metastatic disease.
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5.1

Introduction

Conjunctival melanomas (CM) derive from melanocytes in the conjunctiva,1,2,3 mostly arising 

from primary acquired melanosis (PAM).1,2,4 CM comprise 1–5% of all ocular 

melanomas,4,5,6,7 with an incidence of 0.2–0.8 per million in the Caucasian population.2,5,7,8,9,10  

Although this disease is rare, the incidence is increasing5,6,9 and increases with age.2,5,11 This 

development warrants special attention, since the prolonged life expectancy12 has led to a 

higher proportion of elderly with CM in our population. Recurrences of CM are 

common1,4,7,9,10,13 and the condition may be life threatening,1 with a low survival rate for 

disseminated melanomas.10 This emphasises the need for insight into factors that predict the 

lesion’s behaviour, so that lesions with a suspected adverse course can be timely treated.

Although CM is an ocular melanoma, it is known that CM share biological and molecular 

features with cutaneous melanomas.3,9,13,14,15 For cutaneous melanomas, ultraviolet radiation 

(UVR) exposure is the main risk factor.16 Additionally, there are many known histopathological 

and molecular risk factors for an aggressive behaviour of cutaneous melanomas, including 

increased tumour thickness, mitotic rate, absence of tumour infiltrating lymphocytes17 and 

the presence of telomerase reverse transcriptase (TERT) gene promoter mutations and 

(co-existing) mutations in the BRAF gene (hereafter referred to as BRAF mutations).18,19 The 

choice of therapy and follow-up in cutaneous melanoma patients is, at least partly, based on 

these features.19 In line with the developments in the approach to cutaneous melanomas, 

multiple studies focused on clinicopathological and molecular risk factors for 

CM.3,4,15,20,21,22,23 However, for CM the interpretation and usefulness of many of these factors 

is still topic of debate. Furthermore, although different treatment modalities are used,7,8 there 

is no standardised treatment protocol and the treatment partly depends on the clinician’s 

expertise and experience.2

The aim of this study is to evaluate clinical and histopathological factors as well as BRAF V600E 

mutations and TERT promoter mutations, that may contribute to the clinical outcome. 

Furthermore, we will discuss different treatment modalities and relate these to the clinical 

outcome.



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 86PDF page: 86PDF page: 86PDF page: 86

86

CHAPTER 5.1

Material and methods

Clinical and histopathological data

A retrospective review of clinical records and histopathology of patients with primary CM, 

diagnosed between 1987 and 2015 at the Department of Pathology of the Erasmus 

MC-University Medical Centre, Rotterdam, The Netherlands (n=67) and the Department of 

Ophthalmology and Pathology, University Hospital Leuven, Leuven, Belgium (n=12), was 

performed. All slides of the primary CM were reviewed by a fellow in ophthalmic pathology 

for tumour thickness, presence of epithelioid cells, mitoses, ulceration, necrosis, vasoinvasive 

growth, lymphocytic infiltrate and origin of the lesion (PAM, nevus or de novo) (Figure 1). The 

presence of PAM was scored exclusively in cases with multiple spots of either moderate or 

severe atypical intraepithelial melanocytes/melanoma in situ throughout the specimen and 

not in cases with an atypical intraepithelial melanocytic component only shouldering the 

invasive component. The presence of mitoses was scored in cases with at least one mitosis 

found in 10 high-power fields. Cases without slides of the primary melanoma available for 

review were excluded. In six cases, with the primary melanoma diagnosed in 2004 or earlier, 

not all slides were suitable and/or available for review. In these cases, parameters that could 

not be verified were considered missing data. In case of discrepancies or ambiguities with 

the original report, an experienced ophthalmic pathologist was consulted. Additional data 

regarding the clinical impression of multifocality of the lesion, diameter of the invasive 

component, potential UVR exposure and treatment were collected from the patient records 

and photographs (Figure 1) and completed with information obtained from the pathology 

reports and the nationwide-pathology network and registry system PALGA 

(Pathologisch-Anatomisch Landelijk Geautomatiseerd Archief). Lesions originally located in 

the bulbar and limbal region, plica and caruncle were considered to be potentially exposed 

to UVR. Additionally, information about the development of metastasis and recurrences was 

collected. Recurrence was defined as histopathologically proven CM at the same location, 

either after complete excision of the primary lesion or a tumour-free mapping biopsy after a 

first incomplete excision of the primary tumour. Recurrence and metastasis-free survival was 

defined as the time from initial treatment until the date of development of recurrent and 

metastatic disease, respectively. Disease-free survival was defined as the time from treatment 

until the date of the development of either metastatic disease or recurrent disease. Overall 

survival was defined as time from initial treatment until death or the last date of follow-up.
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5.1

Figure 1. An amelanotic mass, diameter 1.8 cm, located at the fornix superior and upper eyelid (A), presenting 
ulceration and the presence of epithelioid cells (magnification 100x) on microscopic examination (B), the presence 
of a BRAF V600E mutation using immunohistochemical staining (C) and a telomerase reverse transcriptase promoter 
mutation using SNaPshot analysis (D), with encircled the mutation (chr5:1,295,250 C>T), which is one of the three 
mutational hotspots.

Molecular analysis

The presence of a somatic mutation in the BRAF gene on chromosome 7, a BRAF V600E 

mutation (hereafter referred to as a BRAF mutation), was evaluated using 

immunohistochemistry, clone 26039, 1:50 dilution (NewEast Biosciences, Mavern, 

Pennsylvania, USA) (figure 1). The presence of mutations in mutational hotspots C228, C242 

and C250 (chr5:1295228C>T; chr5:1295242–243CC>TT; chr5:1295250C>T) in the promoter 

region of TERTwas determined with SNaPshot analysis (figure 1), as described earlier.6 For 

some cases, it was possible to evaluate the presence of a mutation in BRAF exon 15:c.1799T>A; 

p.V600E and TERT promoter mutations with next-generation sequencing, as described 

previously.24

Statistical analysis

Data analyses were performed with the Statistical Package for Social Science (IBM SPSS 

Statistics, version 25). Differences between categorical data were calculated with either the 

Pearson’s χ2 test or Fisher’s exact test. Kaplan–Meier survival curves were made for survival 

analysis using log-rank statistic. A p <  0.05 was considered statistically significant. For the 

purpose of analysing age related to the other parameters, age was categorised in three 

groups: < 50, 50–65 and > 65 years (y), analogous to other literature.25
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Results

Clinical presentation

Baseline characteristics of the included patients are presented in Table 1. In total, 79 patients 

(48 males and 31 females), with a median age at diagnosis of 62y (range 16–89y) were 

included, with a median follow-up time of 35 months (0–260 months). The location of the 

melanoma could be evaluated in 69 patients, with potential UVR exposure in 50 cases 

(bulbar/limbal involvement n=48, caruncular involvement n=2). In nine cases there was 

primary involvement of the fornix and sixteen cases showed (concomitant) involvement of 

the palpebral conjunctiva. The diameter of the tumour at presentation was ≥ 5 mm in 38/52 

cases, based on either macroscopic or microscopic measurements. Melanomas with a 

diameter ≥ 5 mm, mostly (n=23/34) occurred in potentially UVR exposed lesions. In 55 cases, 

the clinical appearance of the lesion was known, with an unifocal lesion in 28 cases and a 

multifocal lesion in 27 cases. For 78 patients, information about recurrent and metastatic 

disease was available. Sixteen patients (16/78) had at least one recurrence (median 

25 months (range 4–157 months)). Melanomas (partly) located at the palpebral conjunctiva, 

fornix and/or caruncle were more likely to show recurrences (p value 0.03). Recurrent disease 

was not significantly associated with potential UVR exposure. Five of the patients with 

recurrent disease also developed metastases, while metastatic disease without recurrent 

disease was documented in seven patients (median 16 months (range 0–215 months)). The 

median age at the time of diagnosis in the group developing metastatic disease was 52y 

(16–81y) compared with a median age at the time of diagnosis of 64y (32–89y) in the group 

without metastatic disease. No significant correlation was found between age at the time of 

diagnosis and metastatic disease, categorising the patients in the three aforementioned age 

groups. One patient diagnosed a melanoma at 16 years was thought to have a dysplastic nevi 

syndrome. He developed a metastasis 18 months after the first diagnosis of melanoma. Most 

metastases were located in lymph nodes (solitary and/or within the parotid gland), but also 

lung, cerebral and skeletal metastasis, spleen and one suspected metastasis in both liver and 

adrenal gland were registered. In one case, the exact localisation of the metastatic lesion was 

unclear. None of the clinical parameters was significantly correlated with metastatic disease 

or disease-free survival.
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Histopathological features

An overview of the histomorphological parameters is presented in Table 1. The origin of the 

lesion could be determined in 73/79 cases. Most invasive lesions derived from PAM (45/79) 

and the minority presented de novo (15/79) or developed in the background of a nevus 

(13/79). The tumour thickness could be determined over 2 mm in 26/58 cases. For the 

remaining cases, not all slides were available for review (n=5) or the tumour was incompletely 

removed at the bottom of the specimen or tangentially cut (n=16), making grouping these 

cases in one of the aforementioned groups concerning the tumour thickness unreliable. 

Forty-one out of 79 cases were either classified pT1a or pT1b, 17/79 cases were classified 

pT2a or pT2b and 6/79 cases were classified pT3a. In 15/79 cases, the pT status was uncertain 

(Table 1). Epithelioid cells were present in 50/76 cases. Forty-four out of 79 cases showed at 

least one mitosis in the invasive component. Ulceration was found in 26/74 cases. In an 

independent analysis, tumour thickness over 2 mm, a high pT status, the presence of 

epithelioid cells, the presence of mitoses and ulceration were significantly correlated with 

the development of metastasis (p values 0.046, 0.01, 0.02, 0.003 and 0.001, respectively) 

(Table 1 and Figure 2). None of the histopathological parameters, including the pT status was 

significantly associated with the development of recurrences (Table 1). Only the presence of 

epithelioid cells, the presence of mitoses and pT status were significantly correlated to DFS 

(p values 0.049, 0.04 and 0.001, respectively). Multivariate analysis of the parameters was 

severely hampered by the limited number of cases. However, independent analysis of the 

tumour thickness, epithelioid cells, mitoses, ulceration and pT status to one another revealed 

many statistical significant correlations (Supplemental Table). These findings strongly indicate 

an interdependent relationship. We did not find a significant correlation concerning pT status 

in relation to age, diameter of the lesion and multifocal lesions.
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Molecular features

A BRAF mutation was present in 12/42 cases (Table 2). Patients with a BRAF mutated 

melanoma had a median age of 67y (43–87y and patients without this mutation had a 

median age of 64 years (16–89y). The presence of a BRAF mutation was not correlated to 

metastatic or recurrent disease or disease-free survival (p values 0.13, 0.95 and 0.33, 

respectively). A TERT promoter mutation was present in 20/47 cases: five cases with 228 C>T, 

two cases with 242 CC>TT, twelve cases with 250 C>T and one case with both 228 C>T and 

250 C>T. Patients with either a TERT promoter mutated melanoma or a melanoma without 

a TERT promoter mutation had a median age of 65y (16–85 y and 40–89y, respectively). The 

presence of a TERT promoter mutation was strongly correlated with the development of 

metastatic disease (p value 0.002, Table 1, Figure 3). In the absence of a correlation between 

the presence of a TERT promoter mutation and the aforementioned adverse histopathological 

parameters, the presence of a TERT promoter mutation seems to be an independent 

predictor for the development of metastasis. No correlation was found between the presence 

of a TERT promoter mutation and recurrences (p value 0.26, Table 1) or disease-free survival 

(p value 0.30). Eight out of 37 melanomas with available information of both the BRAF mutation 

and TERT promoter mutation status showed both a BRAF mutation and a TERT promoter 

mutation, with the development of metastasis in 4/8 cases and recurrent disease in 1/8 case. 

The presence of a BRAF mutation and a TERT promoter mutation could be evaluated in 29/50 

and 33/50 cases with potentially UVR exposure, respectively. A BRAF mutation 

and TERT promoter mutation was found in eight and fourteen cases, respectively. Six out of 

25 melanoma with potentially UVR with available information concerning the BRAF mutation 

status and the TERT promoter mutation status showed both a BRAF mutation and 

a TERT promoter mutation. In contrast, the group probably non-UVR exposed melanomas 

(n=16) revealed no BRAF mutation (0/16) and one TERT promoter mutation (1/16). No 

statistically significant correlation was found regarding either a BRAF mutation or 

a TERT promoter mutation and age at the time of diagnosis, pT status, bulbar/non-bulbar 

location and the lesions’ diameter.
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Figure 3. Kaplan–Meier survival estimate for the time to metastasis of conjunctival melanoma with versus without 
a telomerase reverse transcriptase (TERT) promoter mutation.

Neither BRAF mutations nor TERT promoter mutations were significantly correlated with 

either potential UVR exposure or adverse histopathological factors (p > 0.05, Table 2). 

A TERT promoter mutation was significantly associated with PAM origin (p < 0.001).
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Table 2. BRAF V600E mutation and telomerase reverse transcriptase (TERT) promoter mutation versus age at time 
of diagnosis, potentially ultraviolet radiation (UVR) exposure, pT status and adverse histopathological parameters in 
conjunctival melanomas.

BRAF 
mutation

TERT 
promotor 
mutation

No, cases (%) Yes, cases (%) p-value No, cases (%) Yes, cases (%) p-value

30 (71) 12 (29) 27 (57) 20 (43)

Age at time 
of diagnosis

0.90 0.54

<50 years 6 3 6 3

50-65 
years

10 3 8 9

>65 years 14 6 13 8

pT status 0.25 0.34

pT1 18 5 15 11

pT2 6 2 7 2

pT3 1 2 1 2

pTx 5 3 4 5

Potential UVR 
exposure

0.31 0.38

No 5 0 5 1 

Yes 21 8 19 14 

Tumour 
thickness

1.00 0.58

≤ 2 mm 15 6 13 8 

>2 mm 9 4 9 8

Cell type 1.00 0.55

No 
epithelioid 
cells 

10 3 9 5 

Epithelioid 
cells

20 8 17 14

Mitoses 0.73 0.15

No 11 5 11 5 

Yes 18 6 13 15

Ulceration 0.48 0.07

No 17 5 15 7 

Yes 11 6 9 13 
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The impact of the clinical, histopathological and molecular parameters on overall survival 

was not assessable because of missing data.

Treatment

Data on initial treatment for the primary melanoma were available in 45/79 cases and 

included excision alone (14/45), excision combined with adjuvant therapy (cryotherapy, 

topical chemotherapy (mitomycin C), radioactive isotopes (strontium)) (24/45, including one 

patient with secondary exenteration) or primary exenteration (7/45). A combination involving 

excision and cryotherapy was most common (17/24), followed by (combined) treatment with 

mitomycin C (9/24). For the group patients treated with excision alone and the group treated 

with excision and adjuvant therapy, reliable categorisation of the tumour diameter was 

possible in 10/14 and 22/24 cases, respectively, with a diameter ranging from 0.5–17 mm 

and 2– ≥21 mm, respectively. The tumour thickness was comparable in both groups, as could 

be reliably categorised in 12/14 and 20/24 cases, respectively. In the patient group treated 

with excision alone, 2/14 patients developed recurrences (after 38 and 157 months) and 

2/14 other patients developed metastases. In the patient group treated with excision and 

adjuvant therapy recurrences (after 4–122 months) and metastasis developed in 8/24 

patients and 4/24 patients, respectively.

Compared with the other groups, the group patients treated with primary exenteration 

(7/45) had a high median tumour diameter and thickness ((median 12.5 mm (1.3–20 mm) 

and 4.5 mm (0.3–≥ 7.7 mm)), respectively, with available data in 6/7 and 7/7 cases, 

respectively). The primary exenterations were performed in 1987–2015. All these melanomas 

(7/7) originated from PAM. One melanoma treated with primary exenteration (1/7) had a 

tumour thickness of 0.3 mm, with a diameter of 1.3 mm and concerned a male patient of 40y 

at the time of first diagnosis. In this case, no adverse location was involved. This exenteration 

was performed in 1987. The 3/7 primary exenterations performed more recently (2014–2015) 

concerned advanced, multifocal or widespread melanomas with a tumour thickness of ≥7 

mm and a diameter of ≥11 mm. Two of these three lesions involved both the fornix and the 

palpebral conjunctiva, and 1/3 lesion was located bulbar, partly covering the cornea and the 

pupil. Three out of seven patients treated with primary exenteration developed metastatic 

disease.
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DISCUSSION

Many attempts have been made to predict the behaviour of CM, including clinical and 

histopathological features. In our study, the recurrence rate was somewhat low compared 

with the recurrence rate reported in the literature.2,7,8,9,11 This discrepancy may be partly 

explained by the varying definitions of recurrences used in different studies. The metastatic 

rate is low according to percentages reported elsewhere,11 but is in line with another recent 

Dutch study.8 One study stated that multifocal lesions were associated with a worse 

outcome.2 However, this could not be confirmed in our study, and is in accordance with 

another large study showing no significant difference in the development of recurrences or 

metastatic disease in unilocular versus multilocular lesions.7 Involvement of the palpebral 

conjunctiva, fornix and/or caruncle was associated with recurrences, similar to adverse 

behaviour reported in other literature.2,10,26 In the current study, the lesion’s diameter was 

not associated with recurrent or metastatic disease, congruent with the findings after 

multivariate analysis in a large cohort.7

The ambiguities in the prognostic value of the clinical features stress the need for 

histopathological analysis. In our study, CM developed from PAM in the majority of the cases, 

with ranges in line with other literature.2,7,9 As in other studies,7,8,26 we did not find an 

association between PAM origin and the development of recurrent or metastatic disease, 

although this was advocated as an adverse parameter in other studies.4,21 The presence of 

epithelioid cells in the lesion was related to metastatic disease, congruent with the reported 

association with an adverse course in a larger series.26 Furthermore, as described 

before,7,11,13,26 we found tumour thickness correlated to metastatic disease. Additionally, we 

found pT status correlated with metastatic disease, in line with other literature.3 This is in line 

with a reduced overall tumour-related survival in melanomas with a higher tumour 

thickness,10 corresponds to well-documented adverse prognosis in cutaneous melanomas 

with a high tumour thickness26,27 and confirms the relevance of TNM staging according to 

Eighth Edition of the American Joint Committee on Cancer (AJCC).20 The association between 

ulceration and metastatic disease was also concordant to recent literature3,13 and is in line 

with cutaneous melanomas. In cutaneous melanomas, the presence of mitoses is associated 

with an adverse prognosis,27 similar to our findings. Several studies reported lymphatic 

invasion associated with an adverse course.4,26 This could not be confirmed in our study, 
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maybe because of the limited number of cases. Furthermore, the absence of an inflammatory 

response was suggested to be associated with adverse behaviour.2 This could also not be 

confirmed in our study, because most of the included cases in our study revealed an 

associated lymphocytic infiltrate. This finding of a lymphocytic infiltrate in the majority of 

cases is certainly of interest, because these patients may benefit of checkpoint inhibition 

targeted therapy as suggested in recent literature,28 emphasising the need for further 

specification of this infiltrate.

Our study revealed a TERT promoter mutation in a subset of the cases, congruent with other 

literature.6,22 However, in contrast to earlier studies concerning CM,6 we found a significant 

correlation between the presence of a TERT promoter mutation and the development of 

metastases.6,14 Our findings are in line with the overall reported adverse course of cutaneous 

melanomas harbouring TERT promoter mutations.11,18,29 These mutations are reported to 

show an UV signature,14,29,30 in line with our findings that most CM developed in potentially 

UVR exposed areas and is in agreement with other studies referring to UVR exposure as a 

pathogenic factor.15,25 In addition to consequences for follow-up, the presence of 

a TERT promoter mutation could be of interest for therapeutic decision making, because of 

reported promising results of reverse transcriptase inhibitors in melanomas.6 According to 

our results, especially PAM derived melanomas should be tested for the presence of 

a TERT promoter mutation, because of its significant association, which is further supported 

by the identification of TERT promoter mutations in PAM in an earlier study.6 Consequently, 

since the presence of a TERT promoter mutation may have important clinical consequences, 

our finding concerning TERT promoter mutations requires validation, preferably using larger 

cohorts.

In this study, BRAF mutations were noted in a subset of CM, concordant with findings 

reported elsewere.1,3,11,14,15,22,23 We could not confirm a significant difference in age in the 

group with BRAF mutated melanoma versus the group without a BRAF mutation as was 

reported in the literature.25 This may be explained by the relatively low number of patients in 

our cohort. Congruent with other literature,3 we did not find a prognostic role of 

a BRAF mutation in our cohort, although some literature does suggest a prognostic 

role.11,23 BRAF inhibitors have been shown beneficial for patients with BRAF mutated 

cutaneous melanomas.3,14 This benefit was also reported for patients with mucosal 
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melanomas31 and more specifically (metastasized) CM.11,22,32 According to our data, up to 

29% of our patients may benefit from this treatment, included in the Dutch melanoma 

guidelines.33

Current treatments for CM are comparable with treatments in the past, although in the past 

exenterations had a more prominent role.2,4,7,26,34 Currently, exenteration is mainly used in 

case of melanomas extending in the orbit.11,34 In the specialised referral centres, nowadays 

excision with adjuvant treatment or excision alone are most frequent,4,7,8,10 which is also 

reflected in our data. The outcomes in this study are comparable with another specialised 

Dutch referral centre8 and also correlate with the finding of no significant difference in 

survival between therapies in a large cohort7 and the absence of significant differences in 

recurrence-free survival.10 In our institutions adjuvant therapy mostly comprised cryotherapy 

and/or topical mitomycin C. This approach is supported by a comprehensive review, in which 

local excision and cryotherapy are considered the mainstay (primary) approach, with 

favourable outcome,2 although other literature suggests adjunctive radiotherapy and 

chemotherapy as a more favourable approach.4 However, the small number of cases for each 

different adjuvant therapy in this study does not allow us to formulate any definitive 

conclusions concerning the specific forms of adjuvant therapy. In some centres, 

interferon-alpha is used, topically administered or by injection,35 but there is limited 

availability of this costly drug. Also not evaluated in this study, but certainly of interest is 

adjuvant brachytherapy, reported to be associated with favourable clinical outcome2,7,8 and 

minimal adverse effects.2 The rarity of the disease stresses the need for further multicenter 

studies concerning the different treatment options in larger cohorts. It also necessitates 

collaboration between international ocular oncology centres to share expertise in order to 

develop a standard treatment protocol based on robust data.

In conclusion, CM is a rare disease and shows many similarities with cutaneous melanomas. 

Similar to the reporting of cutaneous melanomas and in line with the recommendations in 

the Eighth Edition of the AJCC, we recommend incorporation of information concerning 

tumour thickness and the presence of mitoses and ulceration and pT status in the pathology 

report of CM. Similar to these parameters, the presence of epithelioid cells has predictive 

value with regard to metastasis and is also recommended to be addressed in the pathology 

report. Our study reveals the presence of a TERT promoter mutation associated with a 
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shorter metastasis-free survival. The TERT promoter mutation status may be of additional 

value with regard to follow-up, with special attention for PAM-originated melanomas. 

Furthermore, we recommend that both information about a TERT promoter mutation and, 

in line with the recommendations in the Eighth Edition of the AJCC, a BRAF mutation will be 

incorporated in the report, since 43% and 29% of the patients may benefit from targeted 

therapy. The rarity of the disease and ambiguities concerning different prognostic parameters 

and treatment options warrant a dedicated collaboration between ocular oncology centres 

to develop an adequate follow-up and treatment strategy.
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Supplemental table 1

Ulceration Mitoses Epithelioid cells Tumour thickness > 2 mm pT status

Ulceration X < 0.001 0.02 0.001 0.23

Mitoses < 0.001 X 0.1 0.001 0.03

Epithelioid cells 0.02 0.1 X 0.4 0.14

Tumor thickness > 2 mm 0.001 0.001 0.4 X <0 .001

pT status 0.23 0.03 0.14 <0 .001 X



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 103PDF page: 103PDF page: 103PDF page: 103

103

Prognostic value of TERT promoter mutations inconjunctival melanomas in addition to clinicopathological features

5.1

References

1. Cao J, Heijkants RC, Jochemsen AG et al. Targeting of the MAPK and AKT pathways in conjunctival melanoma 
shows potential synergy. Oncotarget 2016;8:58021–36.

2. Wong JR, Nanji AA, Galor A et al. Management of conjunctival malignant melanoma: a review and 
update. Expert Rev Ophthalmol 2014;9:185–204.

3. Bol KF, Donia M, Heegaard S et al. Genetic biomarkers in melanoma of the ocular region: what the medical 
oncologist should know. Int J Mol Sci 2020;21:5231.

4. Damato B, Coupland SE. An audit of conjunctival melanoma treatment in Liverpool. Eye (Lond) 2009;23:801–9.
5. Kaštelan S, Gverović Antunica A, Beketić Orešković L et al. Conjunctival melanoma—epidemiological trends 

and features. Pathol Oncol Res 2018;24:787–96.
6. Koopmans AE, Ober K, Dubbink HJ et al. Prevalence and implications of TERT promoter mutation in uveal and 

conjunctival melanoma and in benign and premalignant conjunctival melanocytic lesions. Invest Ophthalmol 
Vis Sci 2014;55:6024–30.

7. Missotten GS, Keijser S, De Keizer RJ et al. Conjunctival melanoma in the Netherlands: a nationwide study. Invest 
Ophthalmol Vis Sci 2005;46:75–82.

8. Brouwer NJ, Marinkovic M, van Duinen SG et al. Treatment of conjunctival melanoma in a Dutch referral 
center. Br J Ophthalmol 2018;102:1277–82.

9. Griewank KG, Westekemper H, Murali R et al. Conjunctival melanomas harbour BRAF and NRAS mutations and 
copy number changes similar to cutaneous and mucosal melanomas. Clin Cancer Res 2013;19:3143–52.

10. Anastassiou G, Heiligenhaus A, Bechrakis N et al. Prognostic value of clinical and histopathological parameters 
in conjunctival melanomas: a retrospective study. Br J Ophthalmol 2002;86:163–7.

11. Shields CL, Chien JL, Surakiatchanukul T et al. Conjunctival tumors: review and clinical features, risks, 
biomarkers, and outcomes—the 2017 J. Donald M. Gass lecture. Asia Pac J Ophthalmol 2017;6:109–20.

12. Kontis V, Bennett JE, Mathers CD et al. Future life expectancy in 35 industrialised countries: projections with a 
Bayesian model ensemble. Lancet 2017;389:1323–35.

13. Esmaeli B, Rubin ML, Xu S et al. Greater tumor thickness, ulceration, and positive sentinel lymph node are 
associated with worse prognosis in patients with conjunctival melanoma: implications for future ajcc 
classifications. Am J Surg Pathol 2019;43:1701–10.

14. Griewank KG, Murali R, Schilling B et al. TERT promoter mutations in ocular melanoma distinguish between 
conjunctival and uveal tumours. Br J Cancer 2013;109:497–501.

15. Scholz SL, Cosgarea I, Süßkind D et al. NF1 mutations in conjunctival melanoma. Br J Cancer 2018;118:1243–7.
16. Arisi M, Zane C, Caravello S et al. Sun exposure and melanoma, certainties and weaknesses of the present 

knowledge. Front Med 2018;5:235.
17. Mandala M, Imberti GL, Piazzalunga D et al. Clinical and histopathological risk factors to predict sentinel lymph 

node positivity, disease-free and overall survival in clinical stages I–II AJCC skin melanoma: outcome analysis 
from a single-institution prospectively collected database. Eur J Cancer 2009;45:2537–45.

18.  Hugdahl E, Kalvenes MB, Mannelqvist M et al. Prognostic impact and concordance of TERT promoter mutation 
and protein expression in matched primary and metastatic cutaneous melanoma. Br J Cancer 2018;118:98–105.

19. Cheng L, Lopez-Beltran A, Massari F et al. Molecular testing for BRAF mutations to inform melanoma treatment 
decisions: a move toward precision medicine. Mod Pathol 2018;31:24–38.

20. Jain P, Finger PT, Damato B et al. Multicenter, international assessment of the eighth edition of the American 
Joint Committee on cancer cancer staging manual for conjunctival melanoma. JAMA 
Ophthalmol 2019;137:905–11.



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 104PDF page: 104PDF page: 104PDF page: 104

104

CHAPTER 5.1

21. Wolff-Rouendaal DD. Conjunctival melanoma in the Netherlands: a clinico-pathological and follow-up 
study. Orbit 1990;9(3)177.

22. Kenawy N, Kalirai H, Sacco JJ et al. Conjunctival melanoma copy number alterations and correlation with 
mutation status and tumor features, and clinical outcome. Pigment Cell Melanoma Res 2019;32:564–75.

23. Lake SL, Jmor F, Dopierala J et al. Multiplex ligation-dependent probe amplification of conjunctival melanoma 
reveals common BRAF V600E gene mutation and gene copy number changes. Invest Ophthalmol Vis 
Sci 2011;52:5598–604.

24. Smit KN, van Poppelen NM, Vaarwater J et al. Combined mutation and copy-number variation detection by 
targeted next-generation sequencing in uveal melanoma. Mod Pathol 2018;31:763–71.

25. Larsen AC, Dahl C, Dahmcke CM et al. BRAF mutations in conjunctival melanoma: investigation of incidence, 
clinicopathological features, prognosis and paired premalignant lesions. Acta Ophthalmol 2016;94:463–70.

26. Paridaens AD, Minassian DC, McCartney AC et al. Prognostic factors in primary malignant melanoma of the 
conjunctiva: a clinicopathological study of 256 cases. Br J Ophthalmol 1994;78:252–9.

27.  Azzola MF, Shaw HM, Thompson JF et al. Tumor mitotic rate is a more powerful prognostic indicator than 
ulceration in patients with primary cutaneous melanoma: an analysis of 3661 patients from a single 
center. Cancer 2003;97:1488–98.

28. Cao J, Brouwer NJ, Richards KE et al. PD-L1/PD-1 expression and tumor-infiltrating lymphocytes in conjunctival 
melanoma. Oncotarget 2017;8:54722–34.

29. Populo H, Boaventura P, Vinagre J et al. TERT promoter mutations in skin cancer: the effects of sun exposure 
and X-irradiation. J Invest Dermatol 2014;134:2251–7.

30. Rivolta C, Royer-Bertrand B, Rimoldi D et al. UV light signature in conjunctival melanoma; not only skin should 
be protected from solar radiation. J Hum Genet 2016;61:361–2.

31. Bai X, Mao LL, Chi ZH et al. BRAF inhibitors: efficacious and tolerable in BRAF-mutant acral and mucosal 
melanoma. Neoplasma 2017;64:626–32.

32. Mor JM, Heindl LM. Systemic BRAF/MEK inhibitors as a potential treatment option in metastatic conjunctival 
melanoma. Ocul Oncol Pathol 2017;3:133–41.

33.  https://www.oncoline.nl/melanoom 
34. Paridaens AD, McCartney AC, Minassian DC et al. Orbital exenteration in 95 cases of primary conjunctival 

malignant melanoma. Br J Ophthalmol 1994;78:520–8.
35. Lewczuk N, Zdebik A, Boguslawska J. Interferon alpha 2a and 2b in ophthalmology: a review. J Interferon 

Cytokine Res 2019;39:259–72.

https://www.oncoline.nl/melanoom


591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 105PDF page: 105PDF page: 105PDF page: 105



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 106PDF page: 106PDF page: 106PDF page: 106

106

 

 



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 107PDF page: 107PDF page: 107PDF page: 107

5.2 
  Chapter 5.2  Rectification manuscript ID bjophthalmol-2020-3174055.2 

RECTIFICATION MANUSCRIPT ID 

BJOPHTHALMOL-2020-3174055.2
Rectification manuscript ID 

bjophthalmol-2020-317405



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 108PDF page: 108PDF page: 108PDF page: 108

108

CHAPTER 5.2

Dear editor, 

In this letter we wish to rectify one aspect of our earlier publication in the journal (manuscript 

ID: bjophthalmol-2020-317405). The most important finding of that paper1 is the identification 

of a TERT promoter mutation in conjunctival melanoma (CM) being strongly correlated with 

the development of metastatic disease, additional to the well-known dismal prognostic 

histopathological parameters. This finding was confirmed in a recent follow up study.2 CM 

mostly develop from primary acquired melanosis with atypia (PAM). Metastasized disease 

has only limited treatment options, emphasizing the need for identification of parameters 

that can predict the lesion’s behavior. Within the paper that we wish to rectify,1 we have also 

stated that the presence of a TERT promoter mutation was significantly associated with CM 

with PAM origin. However, the findings in our latest study2 seemed to be in contradiction 

with this statement of CM with PAM origin. Consequently, we felt that we had to reassess the 

raw data of both studies. In the study to be rectified1 we found the presence of a TERT 

promoter mutation in 5/26 (19%) CM cases with PAM origin and in 13/17 (77%) CM cases 

without PAM origin. These results are in line with the findings in the follow up study2 with the 

presence of a TERT promoter mutation in 6/18 (33%) CM cases with PAM origin and in 7/7 

(100%) CM cases without PAM origin. In this manner we discovered that we inadvertently 

misinterpreted this aspect in our conclusions.1 Since these findings concerning TERT promoter 

mutations may have clinical consequences we wish to emphasize that indeed the presence 

of a TERT promoter mutation in CM is correlated to metastatic disease and that, by 

rectification, the presence of a TERT promoter mutation is associated with CM without PAM 

origin.  
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ABSTRACT

The aim of this study was exploration of the genetic background of conjunctival melanoma 

(CM) and correlation with recurrent and metastatic disease. Twenty-eight CM from the 

Rotterdam Ocular Melanoma Study group were collected and DNA was isolated from the 

formalin-fixed paraffin embedded tissue. Targeted next-generation sequencing was 

performed using a panel covering GNAQ, GNA11, EIF1AX, BAP1, BRAF, NRAS, c-KIT, PTE, 

SF3B1, and TERT genes. Recurrences and metastasis were present in eight (29%) and nine 

(32%) CM cases, respectively. TERT promoter mutations were most common (54%), but BRAF 

(46%), NRAS (21%), BAP1 (18%), PTEN (14%), c-KIT (7%), and SF3B1 (4%) mutations were also 

observed. No mutations in GNAQ, GNA11, and EIF1AX were found. None of the mutations 

was significantly associated with recurrent disease. Presence of a TERT promoter mutation 

was associated with metastatic disease (p-value = 0.008). Based on our molecular findings, 

CM comprises a separate entity within melanoma, although there are overlapping molecular 

features with uveal melanoma, such as the presence of BAP1 and SF3B1 mutations. This 

warrants careful interpretation of molecular data, in the light of clinical findings. About three 

quarter of CM contain drug-targetable mutations, and TERT promoter mutations are 

correlated to metastatic disease in CM.



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 113PDF page: 113PDF page: 113PDF page: 113

113

Molecular Genetics of Conjunctival Melanoma and the Prognostic Value of TERT Promoter Mutation Analysis

6

Introduction

Conjunctival melanoma (CM) comprises 5–10% of all ocular melanoma.1,2,3 The majority 

derives from primary acquired melanosis (PAM), but infrequently, CM develops from a 

pre-existing nevus or de novo.1,3,4,5,6 CM has an incidence of 0.2–0.8 per million,3,6,7 with an 

increasing trend.3,8 The 5- and 10-years cumulative incidence of CM-related mortality is 

17–31% and 22–59%, respectively.5,7,9,10,11 The prognosis of ocular melanoma, including CM 

and uveal melanoma (UM), depends on clinical and histopathological features, as well as the 

molecular genetic make-up.3,12,13 During the past decade, the molecular make-up of UM has 

been well-characterized, with UM harboring recurrent mutations in guanine-nucleo-

tide-binding protein-Q (GNAQ), guanine-nucleotide-binding protein-alpha 11 (GNA11), 

BRCA-associated protein 1 (BAP1), splicing factor 3 subunit 1 (SF3B1), and eukaryotic 

translation initiation factor 1A (EIF1AX). BAP1 and SF3B1 mutations are associated with the 

development of metastasis in UM. After the diagnosis of metastatic disease, patients with 

UM have a survival between 2–9 months.12 When CM has metastasized, there are also very 

limited treatment options.1,13 Yet, although CM as well as UM are ocular melanoma, CM 

certainly do show overlapping features, including molecular abnormalities with cutaneous 

melanoma.1,3,6,13,14 For example, in 25–40% of the CM driver v-raf murine sarcoma, viral 

oncogene homolog B1 (BRAF) V600E/K mutations are described.1,2,6,13,15 This incidence is 

higher as compared to other mucosal melanoma, which harbor a BRAF mutation in only 12% 

of cases. Although a correlation between BRAF mutations and poor prognostic factors has 

been described in cutaneous melanoma, no predictive value is yet reported for mucosal 

melanoma.16,17 Other genes in which mutations have been identified in CM are the 

neuroblastoma RAS viral oncogene homolog (NRAS), Kirsten RAS oncogene homolog (KRAS), 

neurofibromin 1 (NF1), telomerase reverse transcriptase (TERT), tyrosine protein kinase 

(c-KIT), TP53, and BAP1.3,6,15,18 Mutations in GNAQ/GNA11 have also been described, but 

these are not the known activating hotspot mutations at amino acid Q209 or R183, which 

occur in UM.15,19 The genetic background of the melanoma originating from these different 

locations, emphasizes the differences between UM and CM, and the similarities between CM 

and cutaneous melanoma. Furthermore, in contrast to UM, some of the mutations frequently 

found in CM are amenable to targeted therapies. However, the prognostic value of these 

molecular abnormalities in CM is largely unclear. The aim of this study was to further elucidate 
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the genetic background of CM within the spectrum of melanoma and to correlate these 

findings with the development of recurrences and metastasis.

2. Results

2.1 Clinical and Histopathological Characteristics

Clinical and histopathological characteristics are listed in Table 1. Based on the availability of 

sufficient formalin-fixed paraffin-embedded (FFPE) tissue for DNA isolation, twenty-eight 

cases could be included. Gender was equally divided with 50% males and 50% females. The 

median age at the time of diagnosis was 64 years (range 16–89 years). Based on the clinical 

information, most tumors were (at least partly) located on the bulbar conjunctiva (16 cases, 

57%) with involvement of the palpebral conjunctiva in 10 cases (36%), the fornix in 5 cases 

(18%), and the caruncle in 1 case (4%). The tumors had a median diameter of 0.7 cm (range 

0.05–1.8 cm), with a median tumor thickness of 3.0 mm (range 0.18–7.70 mm). According to 

the Eighth Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging,20 

twelve cases (43%) were pathological tumor (pT) stage pT1, including six pT1a cases (21%) 

and five pT1b cases (18%), and thirteen cases were pT2 cases (46%), comprising one pT2a 

case (4%), eleven pT2b cases (39%), and two cases (7%) with unknown tumor thickness. In 

three cases (11%) the pT status was unknown. In eighteen cases (64%), the melanoma were 

derived from PAM, four melanoma (14%) developed from a nevus, and three melanoma 

(11%) were de novo lesions. In three cases (11%), the origin could not be reliably determined, 

based on the pathology reports and the available clinical information.
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Table 1. Clinical and histopathological characteristics of the included conjunctival melanomas (CM).

Clinical characteristics

Median age at diagnosis (years) 63 (16-89)

Gender

    Male 14 (50%)

    Female 14 (50%)

Location

    Bulbar 16 (57%)

   Palpebral 10 (36%)

   Fornix 5 (18%)

   Caruncle 1 (4%)

Metastasis

    No 19 (68%)

    Yes 9 (32%)

Local recurrence

    No 20 (71%)

    Yes 8 (29%)

Histopathological characteristics

Median diameter (cm) 0.7 (0.05 -1.8)

Median tumor thickness (mm) 3.0 (0.18-7.70)

pTstatus

    pT1a 6 (21%)

    pT1b 5 (18%)

    pT2a 1 (4%)

    pT2b 11 (39%)

    pTx 5 (18%)

Origin

    PAM 18 (64%)

    Nevus 4 (14%)

    De novo 3 (11%)

    Unknown 3 (11%)

Local recurrent disease occurred in eight patients (29%), between 6.8–156.8 months (median 

29.3 months) after treatment. Nine patients (32%) developed metastatic disease between 

1.7–49.2 months (median 14.3 months). Metastatic sites included lymph nodes (solitary or 

within the parotid gland) in all patients (n = 9), with metastatic disease in the orbit (n = 1), 

thyroid (n = 1), breast (n = 1), lung (n = 1), brain (n = 1), and spleen (n = 1). The thyroid and 
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breast metastases were present in one patient, and the orbit and brain metastases were 

identified in one patient as well. The spleen and brain metastases were not histologically 

confirmed. The mean overall survival was 77.4 months (range 3.85–257.2 months), with a 

median of 62.8 months.

2.2 Mutation Analysis

The specific mutations found per case are listed in Supplementary Table S1, with a summary 

of the mutations including correlation with metastatic and recurrent disease in Table 2. 

Fifteen CM cases (54%) showed a TERT promoter mutation. A mutation in the BRAF gene was 

identified in thirteen CM (46%), mostly affecting amino acid V600. NRAS mutations were 

seen in six cases (21%) and mutations in BAP1 were identified in five CM (18%). 

A PTEN mutation was found in four CM (14%) and in two CM (7%) a mutation in c-KIT was 

identified. Interestingly, a p.Arg625His mutation in SF3B1 was detected in one CM (4%). The 

diagnosis was unequivocally a CM in terms of both clinical and pathological reports. It was 

located in the nasal superior in the bulbar conjunctiva (Figure 1). None of the CM cases 

carried a mutation of GNAQ, GNA11, or EIF1AX.
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Table 2. Presence of a mutation versus metastasis-free survival (MFS) and recurrence-free survival (RFS). The total 
number of included conjunctival melanoma cases was twenty-eight. This table depicts the percentages of the 
specific mutations in the cohort, as well as the development of metastatic disease and recurrent disease within the 
group of a specific mutation. The statistically significant p-value is depicted in bold.

Gene Presence of a 
mutation

n (%) Metastasis n (%) MFS 
p-value

Recurrences n (%) RFS 
p-value

SF3B1 0.45 0.45

Yes 1 (4) 0 (0) 0 (0)

No 27 (96) 9 (33) 8 (30)

BAP1 0.46 0.69

Yes 5 (18) 1 (20) 2 (40)

No 23 (82) 8 (35) 6 (26)

TERT 0.008 0.20

Yes 15 (54) 7 (47) 2 (13)

No 13 (46) 2 (15) 6 (46)

NRAS 0.17 0.82

Yes 6 (21) 4 (67) 2 (33)

No 22 (79) 5 (23) 6 (27)

c-KIT 0.26 0.88

Yes 2 (7) 0 (0) 1 (50)

No 26 (93) 9 (35) 7 (28)

PTEN 0.53 0.25

Yes 4 (14) 1 (25) 2 (50)

No 24 (86) 8 (33) 6 (25)

BRAF 0.052 0.76

Yes 13 (46) 5 (38) 2 (15)

No 15 (54) 4 (27) 6 (40)
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Figure 1. Clinical pictures and molecular data concerning the conjunctival melanoma harboring a SF3B1 mutation. 
In (A) the macroscopic view of the melanoma located on the bulbar conjunctiva, within (B) the primary acquired 
melanomsis with atypia component (white arrow). Depicted in the red box in (C) is the molecular data concerning a 
p.Arg625His mutation in SF3B1, with an allele frequency of 42%, using the Integrative Genomics Viewer.

The metastasis-free survival (MFS) of patients with a TERT promoter mutation was significantly 

shorter as compared to patients without a TERT promoter mutation in the tumor (p = 0.008, 

Table 2, Figure 2). No correlation between metastasis-free survival and mutation status 

of BRAF, BAP1, SF3B1, NRAS, c-KIT, and PTEN could be observed.
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Figure 2. Kaplan–Meier survival estimate for the presence of a TERT promoter mutation in conjunctival melanoma. 
Kaplan–Meier survival estimate for the time to metastasis of conjunctival melanoma (CM), showing that patients 
with a CM with a TERT promoter mutation are more likely to develop metastatic disease.

No correlation was found between the presence of any mutations and the development of 

recurrences (Table 2). We also analyzed whether the mutations were correlated with sex, 

age, location (bulbar only versus involvement of the palpebral/caruncular/forniceal 

conjunctiva), pT status (pT1 versus pT2), tumor thickness, origin (PAM-derived melanoma 

versus non-PAM-derived melanoma). We did find an association between the presence of 

a TERT promoter mutation and the origin of the lesion (p-value = 0.005), with most cases 

(54%) developing either de novo or from a melanocytic nevus (Table 3).



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 120PDF page: 120PDF page: 120PDF page: 120

120

CHAPTER 6

Ta
bl

e 
3.

 M
ut

ati
on

s 
ve

rs
us

 c
lin

ic
al

 a
nd

 h
ist

op
at

ho
lo

gi
ca

l p
ar

am
et

er
s.

 P
= 

p-
va

lu
e 

ca
lc

ul
at

ed
 w

ith
 e

ith
er

 th
e 

Pe
ar

so
n’

s 
χ2  te

st
 o

f F
ish

er
’s 

ex
ac

t t
es

t. 
In

 b
ol

d,
 th

e 
as

so
ci

ati
on

 
be

tw
ee

n 
th

e 
pr

es
en

ce
 o

f a
 T

ER
T 

pr
om

ot
er

 m
ut

ati
on

 a
nd

 o
rig

in
 o

f t
he

 le
sio

n 
(p

-v
al

ue
 =

 0
.0

1)
, w

ith
 m

os
t c

as
us

 (5
4%

) d
ev

el
op

in
g 

ei
th

er
 d

e 
no

vo
 o

r f
ro

m
 a

 m
el

an
oc

yti
c 

ne
vu

s.
 

N
on

e 
of

 th
e 

ca
se

s 
sh

ow
ed

 G
N

AQ
, G

N
A1

1 
of

 E
IF

1A
X 

m
ut

ati
on

s;
 th

er
ef

or
e,

 th
es

e 
m

ut
ati

on
s 

ar
e 

no
t i

nc
lu

de
d 

in
 th

e 
ta

bl
e.

 p
T 

st
at

us
=p

at
ho

lo
gi

ca
l t

um
or

 st
at

us
. 

TE
RT

n=
15

 
(%

)

p
BR

AF
n=

13
(%

)

p
BA

P1
n=

5
(%

)

p
N

RA
S

n=
6

(%
)

p
PT

EN
n=

4
(%

)

p
c-

KI
T

n=
 2

(%
)

p
SF

3B
1

n=
1 

(%
)

p

G
en

de
r

0.
26

0.
71

1.
00

1.
00

1.
00

1.
00

1.
00

M
al

e
6 

(4
0)

6 
(4

6)
3 

(6
0)

3 
(5

0)
3 

(7
5)

1 
(5

0)
1 (1

00
)

Fe
m

al
e

9 
(6

0)
7 

(5
4)

2 
(4

0)
3 

(5
0)

1 
(2

5)
1 

(5
0)

0 
(0

)

Ag
e

0.
91

0.
91

0.
52

0.
32

0.
92

0.
24

0.
50

<5
0y

2 
(1

3)
2 

(1
5)

0 
(0

)
2 

(3
3)

0 
(0

)
0 

(0
)

0 
(0

)

50
-6

5y
7 

(4
7)

6 
(4

6)
3 

(6
0)

2 
(3

3)
2 

(5
0)

2 (1
00

)
1 (1

00
)

>6
5y

6 
(4

0)
5 

(3
8)

2 
(4

0)
 

2 
(3

3)
2 

(5
0)

0 
(0

)
0 

(0
)

Lo
ca

tio
n

0.
16

0.
85

1.
00

1.
00

0.
59

1.
00

0.
48

Bu
lb

ar
8 

(5
3)

6 
(4

6)
2 

(4
0)

2 
(3

3)
1 

(2
5)

1 
(5

0)
1 (1

00
)

Fo
rn

ic
ea

l/ 
pa

lp
eb

ra
l/

ca
ru

nc
ul

ar
 

in
vo

lv
em

en
t

5 
(3

3)
6 

(4
6)

2 
(4

0)
2 

(3
3)

2 
(5

0)
1 

(5
0)

0 
(0

)

Tu
m

or
 

th
ic

k-
ne

ss
0.

67
0.

68
1.

00
0.

63
0.

56
0.

53
0.

31

Tu
m

or
 th

ic
kn

es
s 

≤2
 m

m
5 

(3
3)

3 
(2

3)
1 

(2
0)

2 
(3

3)
2 

(5
0)

1 
(5

0)
1 (1

0p
)



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 121PDF page: 121PDF page: 121PDF page: 121

121

Molecular Genetics of Conjunctival Melanoma and the Prognostic Value of TERT Promoter Mutation Analysis

6

TE
RT

n=
15

 
(%

)

p
BR

AF
n=

13
(%

)

p
BA

P1
n=

5
(%

)

p
N

RA
S

n=
6

(%
)

p
PT

EN
n=

4
(%

)

p
c-

KI
T

n=
 2

(%
)

p
SF

3B
1

n=
1 

(%
)

p

Tu
m

or
 th

ic
kn

es
s 

>2
m

 m
8 

(5
3)

9 
(6

9)
4 

(8
0)

3 
(5

0)
2 

(5
0)

1 
(5

0)
0 

(0
)

pT
 st

at
us

0.
16

0.
85

1.
00

1.
00

0.
59

1.
00

0.
48

pT
1

8 
(5

3)
6 

(4
6)

2 
(4

0)
2 

(3
3)

1 
(2

5)
1 

(5
0)

1 (1
00

)

pT
2

5 
(3

3)
6 

(4
6)

2 
(4

0)
2 

(3
3)

2 
(5

0)
1 

(5
0)

0 
(0

)

O
rig

in
0.

01
1.

00
1.

00
0.

30
1.

00
1.

00
1.

00

PA
M

6 
(4

0)
7 

(5
4)

3 
(6

0)
3 

(5
0)

3 
(8

0)
2 (1

00
)

1 (1
00

)

N
on

 P
AM

 (n
ev

us
/

de
 n

ov
o)

7 
(4

7)
3 

(2
3)

1 
(2

0)
3 

(5
0)

1 
(2

5)
0 

(0
)

0 
(0

)



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 122PDF page: 122PDF page: 122PDF page: 122

122

CHAPTER 6

2.3 Immunohistochemistry

In five CM cases that revealed a BAP1 mutation using molecular testing, there was enough 

material available for testing the presence of a BAP1 mutation using immunohistochemistry. 

Four of these cases did not show loss of expression of BAP1 using immunohistochemistry, 

while one CM case did show loss of expression using BAP1 immunohistochemistry, with 

presence of positive (internal) control tissue.

3. Discussion

Pathways involved in the pathogenesis of CM included the MAPK/ERK pathway and the PI3K/

AKT pathways, and these pathways overlap with the pathways involved in cutaneous 

melanoma.6

The mutation that we found most frequent in CM is a TERT promoter mutation, congruent 

with other studies concerning ocular melanoma6,13,14 and cancer originating from other sites. 

These mutations result in a new consensus binding site for E-twenty-six (ETS) transcription 

factors and this may contribute to increased TERT. The ETS transcription factors are 

downstream targets of the RAS-RAF-MAPK pathways, and TERT promoter mutations are 

suggested to have synergistic effects with activating BRAF or NRAS mutations to promote 

tumor cell proliferation.21 TERT is involved in the AKT pathway, and plays an important role in 

cellular immortality.6 TERT mRNA overexpression does not completely explain all effects of 

the TERT promoter mutations in tumorigenesis, and the role of immunohistochemistry in 

determining the TERT status is still a topic of debate.22 Consequently, other undefined or 

epigenetic mechanisms of TERT-upregulating are expected to exist.21,23,24 While 

a TERT promoter mutation is not found in conjunctival nevi, it is found in both PAM14 and 

CM,6,14 with increased TERT expression leading to tumor progression.6 In this context, the C>T 

or CC>TT nucleotide changes in these mutations are of interest, since this is the typical UV 

signature, in line with the UV-exposed location of most CM, as seen in our study and as 

compared to the molecular make up of cutaneous melanoma.6 UM usually do not harbor 

mutations in or near the TERT gene.14,18,25 It indicates that different pathways are involved in 

the development of CM and UM, as is also suggested by the differences in the presence of 

mutations in BRAF, NRAS, and GNAQ/GNA11. Since TERT promoter mutations are relatively 

common in CM, these mutations are of special interest with respect to clinical consequences. 
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We did not find a correlation between the presence of any of the investigated mutations in 

this study and the well-known adverse histopathological parameters, as has been described 

for cutaneous melanoma, such as increasing tumor thickness and more advanced pT stage.26 

Previous studies reported an association between PAM with atypia and PAM-derived 

melanoma, with the presence of a TERT promoter mutation.13,14 Remarkably, in the current 

study, we found a significant association with the presence of a TERT promoter mutation and 

non PAM-derived melanoma. This difference needs to be clarified by testing larger cohorts. 

The presence of a TERT promoter mutation in the tumor could have important clinical 

consequences, including the correlation of mutation status of this gene and follow-up. We 

found a correlation between the presence of a TERT promoter mutation and MFS, with a 

lower MFS in patients with a CM with a TERT promoter mutation, congruent with the findings 

in our previous study.13 TERT promoter mutations have also been described as an independent 

prognostic factor in cutaneous melanoma. From this perspective, it is important to mention 

that most lesions in our cohort concerned relatively large tumors located at prognostic 

adverse locations (palpebra, fornix, or caruncle),6 suggesting a bias. Patients with 

a TERT-promoter-mutated CM might benefit from an intensified follow-up program.

In addition to TERT promoter mutations, CM frequently harbor BRAF mutations, which are 

known to activate the downstream kinases MEK1/2 and ERK1/2, resulting in tumor 

proliferation.1,6 In this study, we identified BRAF mutations in almost half the cases, almost all 

resulting in V600E mutations. This is in line with the literature in which 30–40% of all CM 

harbor mutations in BRAF, almost all being V600E mutations.3,6,13,27,28 These mutations, and 

specifically the V600E mutation, are also present in about half of all patients with cutaneous 

melanoma,29 whereas this mutation is not frequently involved in other mucosal melanoma or 

UM.6

In cutaneous melanoma, the presence of a TERT promoter mutation in addition to 

a BRAF mutation is associated with unfavorable clinicopathological characteristics, such as 

large tumor thickness and a high mitotic rate.26 Unfortunately, the number of cases in the 

current cohort was too small to render any conclusions concerning these correlations in CM.

Determining the mutation status of the tumor could be useful with regard to therapeutic 

consequences, since several studies have shown an improved progression-free survival and 
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overall survival, in patients with metastasized cutaneous melanoma harboring 

a BRAF mutation, using BRAF inhibitors.30 BRAF mutations are also attractive as a target for 

adjuvant therapy in CM.6,31,32,33

NRAS mutations are described in 27% of cutaneous melanoma, with a Q61K mutation as the 

most common mutation followed by Q61R.34 NRAS-mutated cutaneous melanoma have an 

unfavorable prognosis as compared to BRAF mutated or wild-type melanoma.34 We 

identified NRAS mutations in 21% of all CM in our cohort, which is in line with the 17% 

previously reported15 and is somewhat lower compared to other literature.6 Due to the small 

numbers of NRAS-mutated cases in our cohort, no correlations to prognosis could be 

determined. NRAS mutations are mutually exclusive with BRAF mutations.6 NRAS mutations 

are amenable to MEK inhibitor therapy, as has been shown for cutaneous 

melanoma.35 MEK inhibitors reduce the growth of NRAS mutant CM cell lines.1 As yet, no 

cases of NRAS-mutated metastatic melanoma treated with MEK inhibitors have been 

published.

Interestingly, we detected an SF3B1 mutation at the hotspot R625, which is well-known in 

UM,3,28 and was reported in one CM case. The presence of a SF3B1 mutation was reported 

previously in CM, however, this concerned a p.C1123Y mutation and not a hotspot mutation,36 

and another study reported a missense mutation.15 Although R625 SF3B1 mutations are very 

rare in most melanoma, they have been identified in UM, including iris melanoma,19 and are 

less frequent in cutaneous melanoma as well as in vulvovaginal mucosal melanoma.36,37,38,39 

The occurrence of SF3B1 mutations in mucosal melanoma other than CM is higher, with a 

prevalence of 42% and hotspot mutations in 30–37%.39,40 The clinical significance of this 

mutation in CM is unknown, whereas in UM, a SF3B1 mutation is correlated to late metastatic 

disease.41 The CM with this mutation was treated with excision. This case also included PAM 

and showed local recurrence, three and eight years after primary treatment. No metastasis 

developed in the follow-up period of 6.8 years. However, metastasis in SF3B1-mutated UM 

was described even after 10 years.41

The CM cases in our cohort also harbored mutations in c-KIT, PTEN, and BAP1. These findings 

of mutations in c-KIT, NRAS, and PTEN are congruent with other literature,1,6 with 

c-KIT mutations reported in 39% of mucosal melanoma and being feasible for targeted 
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therapy.42 Of interest is the finding of mutations in BAP1, which is a common hemizygous 

mutation in UM.12,43 BAP1 is a tumor suppressor gene and individuals with a cutaneous 

melanocytic neoplasm with a germline BAP1 mutation, often have BRAF mutations, with 

these lesions reported to have a benign clinical course.43 However, UM with 

somatic BAP1 mutations are correlated to loss of chromosome 3 and early metastatic disease. 

CM has also been described in a patient with the BAP1 tumor predisposition syndrome.44 We 

identified heterozygous BAP1 mutations that can be explained as passenger mutations 

without consequences, due to expression of the remaining non-affected allele.

The genetic profile of CM differs from UM, another subtype of ocular melanoma, in which 

mutations in GNAQ/GNA11 are frequently described.45 In this study, none of the CM harbored 

an activating hotspot mutation in GNAQ or GNA11. These findings are congruent with other 

studies analyzing mutations in CM.15,46 BRAF and NRAS mutations are extremely rare in UM.37 

Therefore, these mutations can be useful in distinguishing CM from UM. This may be of 

interest in the identification of the primary tumor site in the case of metastatic melanoma 

with unknown primary. It also warrants the need for exploration of the genetic background 

of metastatic melanocytic lesions. However, such molecular results need to be interpreted 

with care, since we describe BAP1 and SF3B1 mutations in CM in the current cohort.

We did not find a correlation concerning the presence of any of the mutations and the 

development of recurrent disease. Cases with recurrent disease harbored the most frequently 

found mutations only in a (very) low number of cases. This may imply that recurrence and 

metastasis relate to different molecular or physical processes.

In conclusion, based on our molecular findings, CM comprises a separate entity within the 

ocular melanoma group, although there certainly are overlapping molecular features with 

UM, such as the presence of BAP1 and SF3B1 mutations. This warrants careful interpretation 

of molecular data in the light of clinical findings. About three-quarter of CM contain 

drug-targetable mutations in BRAF, NRAS, or c-KIT, supporting the relevance of molecular 

genetic testing in CM for therapeutic reasons. Within this study, we confirmed 

that TERT promoter mutations are frequently found in CM and are correlated to metastatic 

disease, supporting the relevance of molecular genetic testing for prognostic reasons.
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4. Materials and Methods

4.1 Material Selection

We collected twenty-eight CM, diagnosed between 1987 and 2016 at the Erasmus MC—

University Medical Center (Rotterdam, The Netherlands) and The Rotterdam Eye Hospital 

(Rotterdam, The Netherlands). Ethics Committee approval was obtained by the Medical 

Ethics Committee, Erasmus MC-University Medical Center, Rotterdam, The Netherlands (4 

October 2018) and was registered with reference 67865. The study was performed according 

to the tenets of the Declaration of Helsinki. Samples were included when sufficient FFPE 

material was available for testing. Data regarding gender, age at the time of diagnosis, 

location, tumor thickness, the origin of the lesion, and information of development of 

recurrences and metastasis were collected from the patient records and information was 

obtained from the pathology reports and the nationwide-pathology network and registry 

system (Pathologisch-Anatomisch Landelijk Geautomatiseerd Archief). Recurrence was 

defined as histopathological proven CM at the same location, either after complete excision 

of the primary lesion or a tumor-free mapping biopsy, after a first incomplete excision of the 

primary tumor. Recurrence-free survival was defined as the time from the primary treatment 

to the date of recurrence or last date of follow-up. Metastasis-free survival was defined as 

time from the primary treatment to the date of metastatic disease or last date of follow-up.

4.2 DNA Isolation

DNA from FFPE tissue was isolated using lysis buffer (Promega, Madison, WI, USA) and 5% 

Chelex (Bio-Rad, Hercules, CA, USA), as described previously27 and stored at −20 °C. DNA 

concentrations were measured with the Quant-iT™ PicoGreen™ ds DNA Assay Kit (Thermo 

Fisher Scientific, Inc., Waltham, MA, USA).

4.3 Targeted Next-Generation Sequencing

The Ion Personal Genome Machine and Torrent Server (Thermo Fisher Scientific, Waltham, 

MA, USA) was used for targeted next-generation sequencing (NGS), according to the 

manufacturer’s protocol. An input of DNA was used depending on the available amount of 

DNA. An extended gene panel covering GNAQ, GNA11, EIF1AX, SF3B1, BAP1, BRAF, NRAS, c-

KIT, PTEN, and TERT was used, as described previously.27
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4.4 Mutation Analysis

Mutation analysis was performed independently by an ophthalmology resident (NvP) and a 

fellow in ophthalmic pathology (JvI), trained in the evaluation of NGS data. All data were 

analyzed manually using Integrative Genomics Viewer (IGV) Version 2.3.68 (97) (Broad 

Institute, Cambridge, MA). Furthermore, an automatic filtering of the variant calling files (vcf) 

was done according to the following criteria—inclusion of the hotspots at GNAQ/GNA11 (R183 

and Q209) and SF3B1 (R625), and other variants meeting the following criteria—coverage of 

at least 50 reads and an allele frequency of at least 10%. Single nucleotide pleomorphisms 

(SNP’s), synonymous, intergenic, and intronic variants were excluded, but intronic variants 

with possible splice effects were scored. Subsequently, the filtered mutations were verified 

using IGV (Broad Institute, Cambridge, MA, USA), and compared to the mutations that were 

detected manually.

4.5 Immunohistochemistry

The presence of a mutation in the BAP1 gene was also evaluated using BAP1 immunohisto- 

chemistry, clone sc-28383, 1:50 dilution (Santa Cruz Biotechnology, Dallas, TX, USA). The 

samples were scored through masked screening, by an experienced ophthalmic pathologist 

(RVE).

4.6 Survival Analysis

All statistical analysis was performed using IBM SPSS Statistics Version 25 (IBM, Armonk, NY, 

USA). Kaplan Meier estimates were used to compare survival between groups. Log-rank test 

was used to test the null hypothesis that there was no difference in survival. A p value < 0.05 

was considered to be statistically significant. For the purpose of analyzing age related to the 

mutation, age was categorized into three groups: <50 years, 50–65 years, >65 years, 

analogous to other literature.28 Fisher’s exact test was used to analyze whether a specific 

mutation was correlated with a specific clinical or histopathological parameter.
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ABSTRACT

Introduction Mucosal melanomas can have an aggressive course. This underscores the need 

for identification of biomarkers useful in a personalized approach. Yet, little is known about 

the background and risk factors for aggressive behaviour in mucosal melanomas. The aim of 

this study is to investigate whether it is possible to predict the metastatic potential of mucosal 

melanomas based on microRNA (miR) analyses. Furthermore, this study aimed to gain insight 

in the role of miR within the pathogenesis of mucosal melanomas and to explore whether 

there is a difference in mucosal melanomas with versus without exposure to solar ultraviolet 

radiation (UVR).

Methods and results Within the discovery cohort miR profiles from formalin-fixed 

paraffin-embedded samples of twenty conjunctival melanomas (likely exposed to UVR) and 

sixteen mucosal melanomas of the head and neck (without exposure to UVR), with or without 

metastatic disease were determined using the Taqman Low Density Array Cards Human 

Panel A containing 377 miR targets including controls. The independent validation cohort 

consisted of twelve conjunctival melanomas and ten sinonasal melanomas. Moreover, we 

evaluated three conjunctiva melanoma cell lines, i.e. CM2005, CRMM1 and CRMM2. We did 

not find significant different miR profiles in mucosal melanomas with metastasis compared 

to cases without metastatic disease. Nor did we find a difference for primary conjunctival 

melanomas versus corresponding metastases. Comparing the mucosal melanomas from the 

two different locations, the discovery cohort showed significant higher levels of hsa-miR-let7a, 

hsa-miR-let7b and hsa-miR-let7c (hereafter referred to as hsa-miR-let7a-c) in melanomas 

originated in the head and neck region compared to conjunctival melanomas (p values 

<0.01). Yet, although these findings were supported by the conjunctival melanoma cell lines, 

the validation cohort showed a reversed pattern in the targeted miR analysis, based on single 

assays with RNU48 as control.   

Discussion Our study revealed no miR profiles predictive for development of metastatic 

disease in mucosal melanomas. Although members of the hsa-miR-let7 family at first seemed 

promising to be of use for targeted therapy and follow up, particularly for non-UVR exposed 

mucosal melanoma, this concept was not supported by target miR analysis using an 

independent validation cohort. These findings emphasize the importance of validation, in 
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order to prevent wrong clinical decision making, based on promising results especially in 

studies with small cohorts.

Significance Mucosal melanomas may be aggressive tumours, with limited treatment options 

once metastasized. This emphasizes the need for informative biomarkers that can predict the 

lesion’s behaviour. Our findings did not reveal miR predictive for the development of 

metastases. Our results however do emphasise the importance of using an independent 

validation cohort, in order to prevent wrong clinical decision making based on promising 

results in small cohorts. 
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Introduction

Melanomas can originate in every organ containing melanocytes, with a reported increasing 

incidence for cutaneous melanomas1 and conjunctival melanomas2 and a significant death 

toll worldwide.3 Characteristics of specific mutational burdens seem to be dependent of the 

anatomical location,4 with a known aggressive course for mucosal melanomas.5 This 

emphasizes the need for informative biomarkers that can help in detecting (metastasized) 

tumors at an early stage and that can predict the lesion’s behaviour. Yet, little is known about 

the pathogenesis and risk factors for an aggressive course.4,6

MicroRNAs (miR) are small non-coding RNAs, known to play an important role in both 

physiological and pathological processes. In tumorigenesis there can be (an) abnormal miR 

level.7 Our former work8 demonstrated that hsa-miR-9-5p, hsa-miR-196b-5p and 

hsa-miR-615-3p may be useful as an additional tool to predict the behaviour of conjunctival 

melanocytic lesions, with the combination of hsa-miR-196b-5p, hsa-miR-615-3p and 

hsa-miR-9-5p as best performing in discriminating benign from malignant conjunctival 

melanocytic lesions. These miR are suggested to interact with the MAPK pathway (Ingenuity 

pathway analysis; https://digitalinsights.qiagen.com), with hsa-miR-9-5p suggested to 

directly interact with the PI3K/AKT/mTOR pathway as well.9 TERT is also suggested to be 

influenced by miR including the aforementioned hsa-miR-615-3p.10 Moreover, some miR are 

suggested to be influenced by solar ultraviolet radiation (UVR).11 This might be of interest 

with regard to the pathogenesis of mucosal melanoma, since some mucosal sites, like the 

conjunctiva, are expected to be exposed to UVR, while other sites, for example the sinonasal 

region, are not. Furthermore, miR might be of interest with regard to prognosis and (targeted) 

therapy and might be of use for early detection of metastatic disease.4,12

In this study we focused on miR profiles in mucosal melanoma on both locations most likely 

with and without UVR exposure, to gain insights in both the predictive value of miR profiling 

and pathogenesis concerning mucosal melanomas. These insights might be a first step 

towards individual management regarding follow up of mucosal melanoma based on 

(predictive) molecular testing and might be a prelude to novel pre-emptive anti-metastatic 

therapy.  

https://digitalinsights.qiagen.com/
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Material and methods

Formalin-fixed paraffin-embedded (FFPE) samples of twenty conjunctival melanoma cases 

and sixteen melanoma cases from the head and neck region, more specific sinonasal 

melanoma cases, were collected from the archives of the Department of Pathology, Erasmus 

MC- University Medical Center, Rotterdam, The Netherlands. The conjunctival melanomas 

were excised between 1991 and 2015 and the sinonasal melanomas were retrieved between 

1994 and 2007. The samples were obtained following the local ethical guidelines (METC 

reference 67865). For every case, information about the history was retrieved from the 

patient records and the nationwide pathology network and the registry system PALGA. In a 

similar manner information about the development of metastases was collected. Eleven out 

of 20 (55%) of the conjunctival melanomas and 12 out of 16 (75%) sinonasal melanomas 

developed metastatic disease. For the conjunctival melanoma cases the median age at the 

time of first diagnosis was 64 years (37-84 years (y)). The median follow up was seven years 

(0.1-21.4 y) for metastatic conjunctival melanomas and four years (0.6-6.9 y) for 

non-metastatic conjunctival melanomas. For the sinonasal melanoma cases the median age 

at the time of first diagnosis was 75 years (51-89 y). The median follow up was one year  

(0,1-5,0 y) for the metastatic sinonasal melanomas and twelve years (4,6-14,1 y) for the 

non-metastatic melanomas (Tabel1 ). The relevant slides were selected and reviewed by a 

senior pathology resident (JIP); in case of discrepancies or ambiguities with the original 

report of the lesions an experienced pathologist (RVE) was consulted. Subsequently tissue 

with at least 60% tumour cells was selected, especially avoiding contamination with 

inflammatory cells and normal tissue. The same method was used for both tissue types. In 

addition three conjunctival melanoma cell lines, i.e. CM2005, CRMM1 and CRMM2,13,14 

(without pre- amplification), were analysed. Yet, since cell lines are not completely 

comparable to the primary conjunctival and sinonasal melanoma cells we also used an 

independent validation cohort, consisting of conjunctival melanomas (n=12) and sinonasal 

melanomas (n=10), collected at the Department of Pathology, Erasmus University Medical 

Center, Rotterdam, the Netherlands.  

The procedure for miR detection and analysis was described in our former work.8 For 

validation of the results targeted miR cDNA-synthesis and pre-amplification was done with all 
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targets, i.e. RNU48, hsa-miR19a-5p, hsa-miR28-3p, hsa-miR103-3p, hsa-miR16-5p, 

hsa-miR24-3p, hsa-miR25-3p and hsa-miR-let-7a-c. 

Bioinformatic analysis

TaqMan miR array output data (sds files) were uploaded in the ThermoFisher Cloud App  and 

analysed in a similar manner as described in our former work.8 Cq values were exported and 

filtered for poor amplification quality using the Amp Score and the Cq Confidence scores 

from the Cloud App. To compensate for the variability of the quality of the FFPE tissue 

different normalization procedures were applied, using normalizers hsa-miR-19a, 

hsa-miR-28-3p, hsa-miR-103 for the conjunctival melanomas and hsa-miR-16-5p, 

hsa-miR-24-3p and hsa-miR-25-3p for the sinonasal melanomas. The global patterns of the 

different normalized data sets were comparable. Subsequently, we analysed the data using 

the statistical tools in QbasePlus (Mann Whitney U test with correction for multiple testing). 

Significant miR with a difference in Cq of at least two between the groups (the metastasized 

versus the non-metastasized melanoma group and the metastatic melanoma versus the 

corresponding primary tumour) were considered promising. Amplification curves of potential 

targets were inspected in the Cloud App and those exhibiting robust amplification were 

selected for further investigation using individual TaqMan assays. SPSS statistics (version 24) 

was used for statistical analysis.  

Results

Study design

We compared miR levels in primary melanomas of the sinonasal region (n=16) versus the 

conjunctival region (n=20). The clinical data for the cases of the discovery cohorts are 

provided in Table 1. For validation we used an independent validation cohort, consisting of 

conjunctival melanomas (n=12) and sinonasal melanomas (n=10) for the targeted miR 

analysis.  For determining the prognostic value of miR profiling in mucosal melanomas, with 

focus on conjunctival melanomas, we determined the miR profiles in primary mucosal 

melanomas with versus without metastasis. This analysis was done separately for the 

conjunctival region and the sinonasal region. For conjunctival melanomas primary versus 

corresponding metastases were tested as well. Additionally, we investigated the conjunctival 

melanoma cell lines CM2005, CRMM1 and CRMM2.  
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No differential miR levels in conjunctival melanomas with versus without metastasis 

When comparing the group of primary conjunctival melanomas with development of 

metastases (n=11) versus the group of primary conjunctival melanomas without metastases 

(n=9), no discriminating miR were found (p values > 0.05, data not shown). 

No differential miR levels in sinonasal melanomas with versus without metastasis

Comparing the group of primary sinonasal melanomas with metastatic disease (n=12) versus 

melanomas without metastatic disease (n=4) did also not reveal any significant different miR 

(p values > 0.05, data not shown).

No differences in miR profiles in the primary conjunctival melanoma versus the 

corresponding metastatic lesion

To find out if there would be any potential target in case of metastatic melanomas, we 

compared the miR levels of the group of the primary conjunctival melanomas (n=9) with the 

group metastatic conjunctival lesions (n=8). Nine metastases correspond to the included 

primary tumor, with one primary tumor corresponding to a lymph node of two different 

locations. One metastasis did not correspond to a primary lesion, because of the poor quality 

of the primary lesion. (Table 1.) No significant differences were found comparing these 

groups (p value > 0.05; data not shown). Based on these data and the small sample size of the 

sinonasal melanoma group and the available corresponding metastatic lesions (n=5) we 

decided to refrain from a comparable analysis for the melanomas originated in the sinonasal 

region.  
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Table 1. Description of the patient samples concerning the discovery cohort and cell lines included in the study. 
Metastatic status and follow up of the mucosal lesions that are included in the discovery cohort. NA=not applicable. 
*corresponding metastasis included in analysis.

UniqID Specimen Sex Age at 
time of 
diagnosis

Metastasized Location 
metastasis

Time until 
metastasis

Follow 
up 
(years)

EMC001 Conjunctival 
melanoma

F 60 No NA NA 0.1

EMC002 Conjunctival 
melanoma

M 65 No NA NA 0.1

EMC003 Conjunctival 
melanoma

M 64 No NA NA 6.8

EMC004 Conjunctival 
melanoma

F 79 No NA NA 1.2

EMC005 Conjunctival 
melanoma

F 65 No NA NA 21.4

EMC006 Conjunctival 
melanoma

M 64 No NA NA 2.4

EMC007 Conjunctival 
melanoma

M 84 No NA NA 2.9

EMC008 Conjunctival 
melanoma

F 73 No NA NA 9.8

EMC009 Conjunctival 
melanoma

M 84 No NA NA 0.1

EMC010 Conjunctival 
melanoma

M 56 Yes Brain and 
lungs

4.3

EMC012 Conjunctival 
melanoma

M 49 Yes Parotid gland* 4.1 6.9

EMC013 Conjunctival 
melanoma

M 65 Yes Parotid gland/
lymph node*

1.3 4.6

EMC014 Conjunctival 
melanoma

F 74 Yes Lymph node* 3.7 4.1

EMC015 Conjunctival 
melanoma

M 51 Yes Lymph node* 0.7 2.1

EMC016 Conjunctival 
melanoma

F 46 Yes Lymph node* 0.1 0.6

EMC017 Conjunctival 
melanoma

F 68 Yes Lymph node* 0.5 0.7

EMC018 Conjunctival 
melanoma

F 37 Yes Lymph node* 0.6 5.8

EMC019 Conjunctival 
melanoma

M 52 Yes Parotid gland* 1.2 6.2
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UniqID Specimen Sex Age at 
time of 
diagnosis

Metastasized Location 
metastasis

Time until 
metastasis

Follow 
up 
(years)

EMC020 Conjunctival 
melanoma

M 44 Yes Lungs and 
bones

0.6

EMC021 Conjunctival 
melanoma

M 41 Yes Axilla, parotid 
gland

4.2

EMC044 Sinonasal 
melanoma

M 89 No NA NA 11.4

EMC045 Sinonasal 
melanoma

F 67 No NA NA 14,1

EMC046 Sinonasal 
melanoma

F 68 No NA NA 12.0

EMC047 Sinonasal 
melanoma

M 76 Yes Spleen, liver 1.5 1.6

EMC049 Sinonasal 
melanoma

F 81 No NA NA 4.6

EMC050 Sinonasal 
melanoma

M 76 Yes Lymph node 2.5 2.5

EMC051 Sinonasal 
melanoma

F 81 Yes Liver 0.2 0.2

EMC052 Sinonasal 
melanoma

F 84 Yes Kidney 1.4 1.4

EMC063 Sinonasal 
melanoma

M 51 Yes Lymph node, 
liver

1.0 1.0

EMC064 Sinonasal 
melanoma

M 60 Yes Lymph node, 
lungs

1.2 1.2

EMC065 Sinonasal 
melanoma

F 66 Yes Lymph node, 
liver, bones

0.0 0.6

EMC067 Sinonasal 
melanoma

F 58 Yes Lymph node, 
bone

0.6 2.3

EMC068 Sinonasal 
melanoma

F 74 Yes Lymph node 0.5 5.0

EMC069 Sinonasal 
melanoma

F 75 Yes Liquor 0.4 0.4

EMC070 Sinonasal 
melanoma

F 73 Yes Lymph node 0.4 0.4

EMC071 Sinonasal 
melanoma

M 81 Yes Lymph node 0.2 0.6
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MicroRNA profiling does not differentiate conjunctival melanomas from sinonasal 

melanomas.

Forty-six miR showed significantly different levels in the primary melanomas of the sinonasal 

region compared to the conjunctival region in the discovery cohort. Three of the 46 miR 

(6.5%) showed a difference in Cq of at least two, with a narrow 95% confidence interval: 

hsa-miR-let-7a (4.1-11.7), hsa-miR-let-7b (4.3-15.7) and hsa-miR-let-7c (5.2-21.3), with 

higher Cq values (i.e., lower levels) in the conjunctival melanomas compared to the sinonasal 

melanomas (Figure 1).

 
Figure 1. Boxplots concerning the hsa-miR-let-7a-c in mucosal melanomas of the discovery cohort. Boxplots of 
the raw data of the selected microRNAs (miRNAs) in conjunctival mmiR (CM) and sinonasal melanomas (SIN) of the 
discovery cohort, with the Cq values depicted on the y axis, indicating that the CMmiR reveals lower levels of 
hsa-miR-let-7a-c co mpared to the SIN group.

The conjunctival melanoma cell lines, i.e. CM2005, CRMM1 and CRMM2, showed a similar 

pattern as the conjunctival melanoma group, with low levels for hsa-miR-let-7a-5p (Cq values 

24,4-28,8), hsa-miR-let-7b-5p (Cq values 23,0-25,4) and hsa-miR-let-7c-5p (Cq values 

27,2-28,0) compared to the sinonasal melanoma group. However, the independent validation 

cohort showed reversed results for these targets with lower levels of hsa-miR-let-7a-c in the 

sinonasal melanomas compared to the conjunctival melanomas (Figure 2).
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Figure 2: Boxplots concerning the hsa-miR-let-7a-c in mucosal melanomas of the validation cohort, with results 
based on single assays. Boxplots of the raw data of the selected microRNAs (miR) in conjunctival melanomas (CM) 
and sinonasal melanomas (SIN) of the valida.ion cohort, with the Cq values depicted on the y axis, indicating that the 
SIN group reveals lower levels of hsa-miR-let-7a-c compared to CM group.

Discussion 

Although various attempts have been made to gain insight in the pathogenesis of melanoma, 

many aspects remain to be elucidated, in order to predict the behaviour of the melanocytic 

lesions from various sites and to develop a more adequate treatment and follow-up 

procedure. 

Various studies15,16,17 imply an important role for miR in the involvement of metastasis in 

melanomas originated from different locations, both in the discovery cohort and the 

validation cohort. Therefore this study aimed to evaluate whether the clinical course of 

mucosal melanomas could be predicted based on the miR profile, comparing the miR profile 

of mucosal melanomas with and without metastatic disease. Based on location an important 

difference between conjunctival and sinonasal melanomas is the assumed exposure to UVR. 

As discussed in our former work2 many conjunctival melanoma cases do reveal a TERT 

promoter mutation with the UVR signature, supporting the hypothesis that UVR exposure 

does play an important role in the pathogenesis of conjunctival melanomas. There are miR 
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known to be influenced by UVR,18 such as hsa-miR-2119 and hsa-miR-193b.11 Moreover, since 

our former work2 indicated that the presence of a TERT promoter mutation, carrying the UVR 

signature, was associated with a lower metastatic free survival, we felt that we had to analyse 

the prognostic value of miR analysis in mucosal melanomas with and without UVR exposure 

separately, using a cohort consisting of both conjunctival melanomas and sinonasal 

melanomas. Yet, in contrast to the aforementioned studies, our study did not reveal miR that 

could predict whether a mucosal melanoma will or will not develop metastasis, neither 

within the conjunctival melanoma group nor the sinonasal melanoma group. This may be 

due to the relatively small sample size in this study and the relative short period of follow up 

for the cases without metastatic disease. In addition, the aforementioned studies focussed 

on a specific miR or used a miR set with unknown number of overlapping miR as analysed in 

this study. Moreover, the described studies concerned cell lines and/or animal models with 

melanomas from unknown localisations or non-comparable locations. All of this hampers the 

comparison of the data from those studies with the data from our study. However, one 

study20 was of special interest, since the findings in both the discovery cohort and the 

validation cohort strongly suggested that the level of hsa-miR-4633-5p was significantly 

lower in sinonasal melanomas with development of metastasis in contrast to sinonasal 

melanomas without metastasis. Unfortunately, this miR was not part of our test panel. Yet, 

although this finding is certainly of interest, we feel that detection of miR with expected high 

levels, in contrast to miR with expected low levels, is less influenced by factors like the quality 

and amount of the tissue and therefore more attractive to be used in routine clinical 

diagnostics.  

To gain insight in the pathogenesis of mucosal melanoma we compared the miR profiles of 

the probably UVR exposed mucosal melanoma with the non UVR exposed mucosal 

melanoma. Our discovery cohort revealed 46 miR that were significantly different in 

conjunctival melanomas compared to sinonasal melanomas, with higher levels of 

hsa-miR-let-7a-c in sinonasal melanomas compared to conjunctival melanomas, indicating 

that increased levels of these miR may be related to adverse behavior, as there were more 

metastatic cases in the non UVR exposed melanoma group versus UVR exposed melanoma 

group. 
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As indicated by the results from our discovery cohort members of the miR-let-7 family were 

suggested to interact with well known pathways involved in the melanoma genesis, i.e. the 

aforementioned MAPK pathway and the PI3K/AKT/mTOR pathway.21 Within this perspective  

anti-proliferative effects, due to several mechanisms affected, including the targets RAS and 

E2F1, inhibition of epithelial to mesenchymal transition, reduced phosphorylation and 

downregulation of AKT and ERK and targeting estrogen receptors, the latter subsequently 

possibly resulting in downregulation of WNT signalling, are described. Hsa-miR-let-7 is 

inhibited by LIN28, a RNA binding protein, involved during early embryogenesis and 

aberrantly expressed during oncogenesis.5,22 LIN28B is described to disrupt posttransciptional 

processing by binding to terminal loops of the precursors of hsa-miR-let-7. Using melanoma 

cell lines LIN28 overexpressing melanoma cells were suggested to have suppression of 

hsa-miR-let-7 levels.22 These results were of specific interest, not only because of possibilities 

concerning targeted therapy, but also because of the possible value in early detection of 

cancer progression by determining hsa-miR-let-7 levels in body fluids12 This is an approach 

also undertaken within our group.23

However, although the results of the discovery cohort and the congruent data of the 

conjunctival melanoma cell lines were promising and the role of hsa-miR-let-7a-c within the 

pathogenesis of mucosal melanoma was considered plausible, this was not confirmed by the 

results from our validation cohort. This emphasises the necessity of validation of the results 

to prevent wrong clinical decision making, especially when decision making has to be done 

on data from small cohorts.

Conclusion

This study explored the prognostic value of miR profiling within mucosal melanoma with 

versus without UVR exposure. Using this small cohort we were not able to find miR that were 

useful in predicting the metastatic potential. Furthermore, although the results of the 

discovery cohort were promising with respect to a possible role of members of the 

hsa-miR-let-7 family within the melanoma genesis of mucosal melanoma, using a validation 

cohort we could not confirm a difference between mucosal melanomas from UVR exposed 

versus non UVR exposed locations based on miR profiling. This emphasizes the importance 

of using a validation cohort in order to prevent wrong clinical decision making based on 

plausible results.
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CHAPTER 8

DISCUSSION

Within this thesis we characterized different mucosal melanocytic lesions, with a strong 

focus on conjunctival melanocytic lesions. We explored parameters that possibly predict a 

high risk for development of recurrent and/or metastatic disease, to facilitate an adequate 

treatment and follow up strategy. The aim of this thesis raises two fundamental questions: 1) 

what tools can help to discriminate malignant from benign melanocytic lesions and 2) what 

tools may aid in predicting the metastatic potential of a malignant melanocytic lesion. 

Most melanomas develop in the skin. Conjunctival melanoma is a rare melanoma that is, like 

cutaneous melanoma, (partly) exposed to ultraviolet radiation (UVR). Furthermore, 

conjunctival melanomas may be categorized as an ocular melanoma, like uveal melanoma, as 

well as a mucosal melanoma, similar to sinonasal melanomas. 

In conjunctival melanomas, a patient usually presents with a pigmented tumor located on 

the (visible) conjunctiva. From a clinical point of view, it may be very challenging to distinguish 

benign melanocytic lesions from their malignant counterpart, with dilated tortuous feeder 

and intrinsic vessels being worrisome features,1 in addition to large tumor size, adverse 

location,2,3 lack of mobility4 and (documented) growth.5 In case of adverse clinical features, 

the lesion should be surgically removed and subjected to further examination in order to 

predict the lesion’s behavior. First the lesion is evaluated by histopathological examination, 

with focus on worrisome cytonuclear characteristics, presence of mitotic features, 

angioinvasive growth, the presence of ulceration,3 and absence of maturation. In order to 

discriminate benign from malignant conjunctival melanocytic lesions additional techniques 

are available, including immunohistochemistry, fluorescence in situ hybridization (FISH) and 

(epi-)genetic analysis. 

Deep penetrating nevus (DPN) of the conjunctiva has to be added to the WHO 

classification of Tumours of the Eye

Four classes of conjunctival melanocytic nevi are recognized in the WHO Classification of 

Tumours of the Eye, 4th edition: a common (junctional, compound, and subepithelial) nevus, 

an  inflamed juvenile nevus, a blue nevus and a Spitz nevus.6 In chapter 2 we describe a 4 mm 

highly pigmented mass, located at the caruncle, known to be an adverse location.2,3 On 
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histopathological examination the lesion revealed a conventional nevoid component and an 

epithelioid component, with some adverse histopathological features, including a mitotic 

figure in the stromal part of the lesion and absence of maturation in the epithelioid part of 

the lesion. To determine whether this lesion was to be classified as benign or malignant we 

used immunohistochemistry. Immunohistochemistry confirmed the melanocytic nature of 

this lesion, showing diffuse expression of MelanA. However, another melanocytic marker 

HMB-45 was positive in the epithelioid component, which was also found in the deeper parts 

of the lesion. HMB-45 is known as a marker with relative high specificity for melanocytic 

differentiation, with gradually weaker labeling in the deeper parts of the lesion in melanocytic 

nevi. Melanomas lack this maturation pattern of staining, with expression of HMB-45 in 

(clusters of) melanocytic cells in both the superficial as well as the deeper part of the lesion.7 

We also determined expression of p16, showing no loss of expression of p16 in the lesion, 

which indicates a benign clinical course, as loss of expression of p16 is found in melanomas.7 

Staining for ß-catenin showed an ambiguous pattern. Cyclin D1, encoded by the CCND1 

gene,8 is thought to be a direct transcriptional target of β-catenin.89 Beta-catenin levels may 

be increased as a result of suppression of GSK3β by Wnt ligands, with increased levels 

resulting in activation of CCND1 transcription. Cyclin D1 forms a complex with CDK4 and 

CDK6, that induces phosphorylation of RB1, resulting in promotion of release of E2F 

transcription factors. Under physiological conditions this activation of Cyclin D1 by binding of 

CDK4 and CDK6 is blocked by p16 as part of the senescence pathway. Moreover, CCND1/

Cyclin D1 is described to be one of the endpoints of the MAPK and PI3K/AKT pathway, since 

CCND1/Cyclin D1 is reported to be transcribed by the mutant form of BRAF, with mTor 

activating the translocation of CCND1 mRNA and facilitating formation of the aforementioned 

complex.8 As described in chapter 2 the cyclin D1 staining showed a strong nuclear staining 

in the epithelioid component of the melanocytic lesion, with absent to weak staining in the 

deep parts of the nevoid component. Since these results seemed in contradiction in terms of 

predicting the lesion’s behavior, we also used FISH, with focus on CCND1, MYB and RREB1 

aberrations. This technique did not raise suspicion of a melanoma, as melanomas are known 

to reveal gains in 6p25 (RREB1), losses in 6p23 (MYB) and gains in 11q13 (CCND1) using 

FISH.10 RREB1, commonly acting as a transcription factor, was described to be a downstream 

effector of MAPK, as it is phosphorylated by ERK.11 MYB is a proto-oncogene protein, 

belonging to the MYB family of transcription factors. Evidence suggests that MYB is a direct 

target of miR-150, with miR-150 suppressing tumor growth by downregulation of MYB. 
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However, the exact function and mechanism of MYB within melanoma genesis remains to be 

elucidated.12 Although FISH is described to be a valid tool used in the analysis of melanocytic 

lesions,13,14 in our experience this technique has certain limitations, as we discovered in a 

small study concerning conjunctival melanocytic lesions (unpublished data). In our 

experience, selecting an adequate number of nuclei, suitable for further analysis, was 

severely hampered by frequently overlapping nuclei. Additionally, accurate registration and 

counting of the signals using the software was limited due to background artefacts, truncation 

artefacts, suboptimal recognition of nuclear boundaries and wide variation in probe signal 

intensity. This also complicated accurate manual counting of probe signals. To further 

characterize the melanocytic lesion on the caruncle we isolated both the epithelioid and the 

nevoid component separately for further examination using next generation sequencing 

(NGS) identifying a BRAF V600E mutation in both components. NGS also revealed a CTNNB1 

mutation, present only in the epithelioid component. As important as confirming the 

presence of this mutation, was confirming the absence of mutations including GNA11, GNAQ, 

NRAS, and TERT promoter mutations and no loss of CDKN2A. The absence of these alterations 

suggested that other entities were less likely, including specific subtypes of benign melanocytic 

lesions, for example blue nevi and Spitz nevi, and a (DPN like) melanomas.15,16, 17 The reported 

findings were consistent with a DPN, an entity which was not incorporated in the WHO 

classification of tumors of the Eye fourth edition.6 For progression to melanoma the presence 

of either a BRAF or a NRAS mutation without other mutations seems not to be sufficient, as 

melanocytic nevi with these mutations are described to become senescent nevi, with 

inactivation of p16 being necessary for progression to a melanoma.8 

DPN is a well-known entity in the skin, most frequent arising in the head and neck region and 

originally thought to arise from mucosal surfaces sporadicly.17,18 In this perspective, the 

caruncle is an unique location as it has both skin and mucosal elements. Because of its 

sudden onset and often dark multicolor appearance, with nuclear pleiomorphism in the 

deepest part of the lesion and the (rare) presence of mitotic figures on histopathological 

examination, the lesion may appear suspicious for a malignant clinical course.18 Within a 

close time frame to our investigations others have described DPN to be more common to the 

conjunctiva than generally appreciated, occurring in about 10% of conjunctival nevi,19 

remarking that a dermal origin as in the caruncle is not necessary for the development of this 

type of nevus.19, 20 Recent studies have shown CTNNB1 mutations in conjunctival melanomas 
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suggesting, but without exact proof, that DPN of the conjunctiva most likely have the potential 

to develop into melanomas19 as has been well documented in rare cases of DPN in the skin.17 

Therefore it is not surprising that, although DPN is considered to be a benign melanocytic 

lesion, several cases classified as DPN reportedly developed metastases.17 For this reason 

(atypical) DPN has been referred to as melanocytoma with uncertain clinical behavior.10 This 

is supported by the presence of a BRAF mutation subsequently accompanied by a CTNNB1 

mutation, with increased cyclin D1 expression in dysplastic nevi to be considered a warning 

sign for a malignant course.8 In this perspective the presence of TERT promoter mutations, 

CDKN2A mutations and TP53 mutations are of interest, as the presence of these mutations 

suggests an adverse clinical behavior in DPN.17 These findings have led to the proposal to add 

the entity of DPN of the conjunctiva to the fifth edition of the WHO Classification of Tumours 

of the Eye. As shown in chapter 2 this lesion partly overlaps with the features of a dysplastic 

nevus, a well-known skin lesion, but not (yet) described in the conjunctiva, with dysplastic 

nevi having an overall mutational burden intermediate between nevi and melanomas.21 The 

best way to treat cutaneous DPN is still a topic of debate,17 as is the best way of treatment of 

(other) (pre-)malignant conjunctival melanocytic lesions, which is further complicated by the  

functional consequences of extensive conjunctival resections.  We therefore propose a watch 

and wait strategy for this particular location in most cases of DPN.

Diverse molecular pathways are involved in the pathogenesis of conjunctival 

melanocytic lesions 

As shown in chapter 2 there are different tools available that may assist in specifying a 

melanocytic lesion and consequently may help in predicting the lesion’s behavior. In addition 

to the aforementioned immunohistochemistry, in chapter 3 we explored the value of 

immunohistochemistry in predicting the lesion’s behavior, with focus on chemokine signaling 

and chemokine receptor expression. Chemokine receptors CCR7, CXCR4 and CCR10 are 

thought to play an important role in the development of tumor growth and progression to 

melanoma.22,23 We showed a significant higher expression in conjunctival melanomas 

compared to conjunctival melanocytic nevi for all tested chemokine receptors. Furthermore, 

we found a statistically significant difference between the IRS in melanocytic nevi and PAM 

with atypia for nuclear IRS in CCR10 and both nuclear and cytoplasmic IRS in CXCR4. Using an 

extended NGS panel in chapter 6 melanocytic lesions with malignant clinical behavior 

revealed a TERT promoter mutation and a BRAF mutation being the most common mutations, 
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with a minority of the cases revealing NRAS, BAP1, PTEN and c-KIT mutations, as well as a 

SF3B1 mutation in a case of genuine conjunctival melanoma. MicroRNA profiling, as described 

in chapter 4, revealed the combination of miR-196b-5p, miR-615-3p and miR-9-5p as best 

performing in predicting the clinical behavior. These findings fit well within the pathways that 

are known to be involved in the pathogenesis of conjunctival melanoma, i.e. the 

mitogen-activated protein kinase (MAPK) pathway and the PI3K/AKT/mTOR pathway. 3,24 

These pathways may be activated in different ways, including G-protein coupled receptors, a 

family of cell-surface receptor complexes, transducing receptor initiated signals into the 

cytoplasm.25 CXCL12 is expressed in different tissues, including lymph node and liver.26,27 

CXCL12 binds to CXCR4, a G-protein-coupled receptor, present on different cell types, 

including malignant cells. Binding to CXCR4 results in a cascade mediated by a G-protein, 

composed of three subunits i.e., Gα, Gβ and Gγ. The Gα subunit is divided in 4 families, 

including the Gα i and the Gαq, with both Gαi and Gαq-coupled receptors activating the 

MAPK pathway. The Gα subunit as well as the Gβγ subunit can also activate the PI3K/AKT/

mTOR pathway.26 Activation of this pathway leads to tumor cell survival, whereas activation 

of the MAPK pathway results in both tumor cell survival and chemotaxis. The tumor cell 

survival mediated by these two pathways may even continue without cell cycle progression.26 

CCR7 may influence melanoma genesis, by interaction with ERK, as was indicated by a study 

with non-small cell lung cancer cell lines.28 CCR10, in chapter 3 shown as also expressed in 

our conjunctival melanoma cohort, may activate the PI3K pathway, as hepatocellular CCR10 

in inflammation-induced hepatocellular carcinoma activated the PI3K pathway via 

phosphorylation of AKT, resulting in inhibition of apoptosis and promotion of compensatory 

proliferation.25 Similar inhibition of apoptosis was found in experimental setting for melanoma 

cells, with CCR10 suggested to mediate the escape of melanoma cells from the host immune 

antitumor mechanism possibly through activation of PI3K/AKT.29 Of particular interest is our 

finding of a SF3B1 mutation at the hotspot R625 in a conjunctival melanoma, which was also 

reported in one other study published short after our investigations,19 with concomitant KIT 

mutations in all reported cases. Although this finding is reported to be relatively rare, this 

hotspot mutation was discovered in two studies concerning a relatively low number of cases, 

suggesting that this mutation may be more common than generally thought. SF3B1 does not 

affect the aforementioned pathways in a direct way like KIT mutations,19,30 with KIT mutations 

believed to cause activation of both the MAPK as well as the PI3/AKT pathway, by coding a 

receptor tyrosine kinase that mediates in activation of these signal transductions pathways.5 
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However, it is suggested that SF3B1 mutations may lead to splicing variations of genes, that 

can result in MAPK activation, with SF3B1 mutations in mucosal melanomas described to 

cause aberrant gene transcripts, resulting in mRNA degradation, abnormal protein function30 

and protein decay.30,31 Moreover, SF3B1 mutations may result in alternative mRNA splicing,19,31 

with SF3B1 R625 mutations suggested to result in differential interaction with pre-mRNA or 

splicing factors of the U2 small nuclear ribonucleoprotein complex, consisting of p14, U2AF65 

and SF3B1 itself, with this complex playing an important role in the early stages of mRNA 

splicing.31 Yet, the exact mechanism of SF3B1 interfering with the MAPK pathway still remains 

to be elucidated.30 Moreover, both the MAPK and PI3K pathways may be activated by 

overexpression of its receptors through autocrine or paracrine overstimulation, resulting in 

activation of these pathways without mutations of members of these pathways.8

The last decades there is growing interest in microRNAs (miR), as miR may play a role in 

various physiologic as well as pathologic processes, including the tumorigenesis with in 

cutaneous melanomas the CCND1 gene reported as a possible important target gene for 

miR-related gene repression, with alterations within this gene may be resulting in 

upregulation.8 Some miR, including miR-9-5p, seem to have dual functions in different 

cancers.32 A single miR may influence the expression of several target genes,5 implying that 

alterations concerning a single miR may have major consequences in melanoma genesis. 

Furthermore, miR may not only act locally in the cell where the miR is synthesized, but may 

also influence neighboring cells, including neighboring melanoma cells as well as cells in the 

microenvironment of the tumor, including fibroblasts, endothelial cells and immune cells, 

thereby supporting tumor progression.33 Some miR are thought to influence the MAPK 

pathway. Our study reveals hsa-miR-9-5p and hsa-miR-196-5p to play a role in the 

development of conjunctival melanomas. Both miR are suggested to interact with the MAPK 

pathway in both a direct and indirect manner. These miR are thought to activate the MAPK 

cascade, either by causing phosphorylation of BRAF, by influencing ETS transcription factor 

ERG, or causing phosphorylation of MEK and ERK by interaction with (H)RAS.31 Moreover, one 

study suggests that hsa-miR-9-5p targets CXCR4, with miR-9-5p reported to inhibit CXCR4, 

consequently inhibiting the phosphorylation of the MAPK pathway and the PI3K/AKT/mTOR 

pathway. In this study overexpression of miR-9-5p or silencing of CXCR4 was reported to 

promote angiogenesis, with upregulation of CXCR4 during hypoxia.34 Furthermore, our study 

reveals hsa-miR-615-3p to play an important role in the melanoma genesis. This miR 
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influences the MAPK pathway by interaction with myocyte enhancer factor 2A. The latter 

interacts with the estrogen receptor binding domain. Moreover, this miR interacts with 

transcriptional regulating factor 1, described to play a role in a cellular response to a 

progesterone stimulus.31 This involvement may be an explanation for the development of 

conjunctival melanomas during pregnancy as described in several cases.35 This is in line with 

the reported rise of incidence of cutaneous melanomas during the reproductive years and 

diminishing during the menopausal years, as it was demonstrated that melanocytic lesions 

have estrogen receptors.36 Our study reveals BRAF mutations and TERT promoter mutations 

to be common mutations in conjunctival melanomas. A study using choroidal melanoma cell 

lines revealed that miR-9-5p regulates BRAF transcription and translation, with downregulation 

of the BRAF protein by miR-9-5p by directly targeting BRAF. Since BRAF is a proto-oncogene, 

this interference by miR-9-5p results in inhibition of proliferation and migration of melanoma 

cells.32 Similar results were seen for miR-9-5p targeting BRAF in thyroid cancer, using fresh 

tissue of patients with malignant thyroid lesions and benign thyroid lesions, with 

downregulation of miR-9-5p described to promote proliferation of cancer cells by inhibition 

of apoptosis.37 These findings may explain the involvement of miR-9-5p in melanoma genesis, 

as found in our study, as well. Moreover, it is known that TERT is (partly) influenced by miR. 

MiR-615-3p is located in one of the members of the homeobox family of transcription factors, 

HoxC5, that plays a role in the embryogenesis. Overexpression results in reduced TERT and 

leads to inhibition of tumorigenesis. Consequently, deregulation of miR-615-3p may lead to 

activation of TERT and the subsequent cascade as shown for different types of cancer,38 and 

may be also an explanation for the findings in our study. The differentially expressed miR in 

our study differ from miR suggested to be involved in the melanoma genesis in other 

literature,5 which may be explained by differences in study method, as we compared the miR 

profile of conjunctival melanocytic nevi versus conjunctival melanomas relative to the 

comparison between normal conjunctiva versus conjunctival melanoma in other literature. 

We feel that the comparison between benign and malignant conjunctival melanocytic tumors 

is more accurate, since both lesions are proliferations of the same cell type (melanocytes), 

with one neoplasm without and the other neoplasm with metastatic potential. Additionally, 

although conjunctival melanocytic tumors may be quite small, we feel that it is much easier 

to gather an appropriate number of melanocytic cells without contamination of neighboring 

cells, compared to harvesting a reasonable number of melanocytes from normal conjunctiva. 

Moreover, since we used both a discovery as well as a validation cohort, we feel that our 
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results are more robust. Another study39 did compare melanomas from different locations, 

including cutaneous melanomas, uveal melanomas and mucosal melanomas, and compared 

the miR profile with melanocytic nevi. This study supported our finding of an altered miR-9-5p 

and miR-196a-5p expression pattern in mucosal melanomas versus cutaneous melanocytic 

nevi. Although this comparison may not be ideal given the different genetic background of 

these melanomas and this study did not include conjunctival melanomas, we feel that these 

results are of interest, since conjunctival melanomas are mucosal melanomas and do share 

many molecular features with cutaneous melanomas. Within this perspective the finding of 

altered expression of miR-9-5p in cutaneous melanomas, as well as mucosal melanomas and 

uveal melanomas compared to cutaneous nevi is of special interest,39 because of the location 

of conjunctival melanomas, with altered expression of miR-9-5p confirmed in this thesis. The 

(possible) involved pathways in the melanoma genesis of conjunctival melanoma are depicted 

in Figure 1. 



591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique591243-L-bw-Jolique
Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023Processed on: 28-3-2023 PDF page: 164PDF page: 164PDF page: 164PDF page: 164

164

CHAPTER 8

136 
 

 4127 

 4128 

 4129 

 4130 

 4131 

 4132 

 4133 

 4134 

 4135 

 4136 

 4137 

 4138 

 4139 

 4140 

 4141 

 4142 

 4143 

 4144 

 4145 

Figure 1. Pathways suggested to be involved in the pathogenesis of conjunctival melanomas.  4146 

Simplified concept of the pathways that are thought to be involved in the development of conjunctival melanomas, with the elements 4147 
confirmed and/or suggested to be involved as elaborated on within this thesis highlighted in red, with an important role for CXCR4, CCR7, 4148 
CCR10, miR-9-5p, miR-196-5p and miR-615-3p on the most important involved pathways. The bold depicted findings are based on our own 4149 
studies, the red not bold findings are gained insights after literature study in response to our findings. The meaning of the findings 4150 
depicted with dotted lines is still uncertain. 4151 

Based on its location conjunctival melanoma is considered an ocular melanoma, like a posterior 4152 

uveal and iris melanoma, while the origin of this tumor from the mucosal membrane classifies this 4153 

tumor as a mucosal melanoma. Yet, in contrast to most mucosal melanomas, it is likely that most 4154 

Figure 1. Pathways suggested to be involved in the pathogenesis of conjunctival melanomas. 

Simplified concept of the pathways that are thought to be involved in the development of conjunctival melanomas, 
with the elements confirmed and/or suggested to be involved as elaborated on within this thesis highlighted in red, 
with an important role for CXCR4, CCR7, CCR10, miR-9-5p, miR-196-5p and miR-615-3p on the most important 
involved pathways. The bold depicted findings are based on our own studies, the red not bold findings are gained 
insights after literature study in response to our findings. The meaning of the findings depicted with dotted lines is 
still uncertain.
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Based on its location conjunctival melanoma is considered an ocular melanoma, like a 

posterior uveal and iris melanoma, while the origin of this tumor from the mucosal membrane 

classifies this tumor as a mucosal melanoma. Yet, in contrast to most mucosal melanomas, it 

is likely that most conjunctival melanomas are exposed to UVR comparable to iris melanomas 

and cutaneous melanomas. Conjunctival melanomas do share many molecular characteristics 

with cutaneous melanomas, with melanomas arising from both locations harboring 

NRAS,52440,41BRAF,3,5,192440,41 NF1,24 c-KIT,519,24 PTEN,3,24, 40 CDKN2A mutations3,19,40 and rarely 

SF3B1 mutations.42 Chapter 5 and 6 demonstrate that in addition to BRAF mutations also 

TERT promoter mutations play an important role in the oncogenesis of conjunctival 

melanomas. In conjunctival melanomas a TERT promoter mutation is thought to have 

synergistic effects with activating BRAF and NRAS mutations, the latter two mutations 

described to be possible driver mutations in cutaneous melanomas.41 The simultaneous 

presence of a BRAF and a PTEN mutation was suggested to support the hypothesis that BRAF 

mutant conjunctival melanomas may require an additional genetic event for activation of the 

AKT pathway, whereas a single NRAS mutation was suggested to be sufficient for activation 

of the AKT pathway.40 This finding is partly supported by our findings, since part of the 

conjunctival melanomas did show both BRAF and PTEN mutations with none of the NRAS 

mutated melanomas having PTEN or BRAF mutations. Of special interest is the correlation 

with UVR exposure, with the presence of TERT promoter mutations, that carry a UV-signature, 

being present in both conjunctival and cutaneous melanomas.3,24 In chapter 6 the presence 

of a TERT promoter mutation was associated with a non-PAM origin, as was supported by the 

revised results after re-analysis of the raw data as described in chapter 5. This finding is in 

line with the finding of an adverse course for melanomas with non-PAM origin described by 

some, with non-PAM melanomas cases having a higher risk for development of metastases.43 

Moreover, NF1 mutations are especially described in UVR exposed cutaneous and conjunctival 

melanomas,3,44 and the presence of a BRAF mutation is reported to be associated with 

intermittent UVR exposed cutaneous melanomas as well as conjunctival melanomas45
 

frequently involving the caruncle.40 Part of the aforementioned mutations are also found in 

different mucosal melanomas, i.e. TERT promoter mutations,3 NRAS mutations,3 BRAF 

mutations,3,19,46 SF3B1 mutations,3,46 TP53 mutations,3 c-KIT and NF1 mutations.3,19,24,46 The 

latter two mutations are more often described in mucosal melanomas compared to 

cutaneous melanomas.46 These findings emphasize the mucosal origin of these melanomas. 

Certainly, there is also overlap of mutations found in other ocular melanomas, i.e. uveal 
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melanomas, with TERT promoter mutations,41 PTEN mutations,3 GNAQ, GNA11,40,47 SF3B119 

and BAP1 mutations19, 40 described in both uveal and conjunctival melanomas. Although in 

uveal melanomas GNAQ mutations are thought to be an alternative route to MAPK activation, 

in conjunctival melanomas this mutation,5 as well as GNA11 mutations were considered 

bystander mutations, with none of these mutations activating R183 and Q209 mutations, 

suggesting that the pathogenesis of conjunctival melanomas differs from uveal melanomas.47 

This hypothesis is supported by the absence of BRAF,3,19,2441 48 c-KIT3 and NRAS mutations in 

(posterior) uveal melanomas.3,12,24,41,48 In addition we feel that the BAP1 mutations found in 

our study described in chapter 6 are passenger mutations, heterozygous mutations with no 

consequences for tumorigenesis due to expression of the remaining non-affected allele, with 

concomitant presence of mutations directly influencing the aforementioned pathways. This 

hypothesis we subsequently supported by non-published results concerning BAP1 

immunohistochemistry (Figure 2), with no loss of expression of BAP1 in four out of five (80%) 

tested cases. The passenger mutations contribute to a high mutational burden, which is 

higher in conjunctival melanomas compared to posterior uveal melanomas and in line with 

the findings in iris melanomas.19 

138 
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Figure 2. BAP1 immunohistochemistry in conjunctival melanomas. 4199 

Conjunctival melanomas with a. loss of expression of BAP1. b. no loss of expression of BAP1. Magnification 400x. 4200 

 4201 

Since both iris melanomas as well as (most) conjunctival melanomas are considered to be exposed 4202 

to UVR, these differences with posterior uveal melanomas may be at least partly caused by UVR 4203 

exposure.19 However, the detection method may be an important limiting factor as whole exome 4204 

sequencing is not always an option and next generation sequencing has limited targets. This 4205 

hampers adequate comparison of the tumor mutational burden in melanomas arising from the 4206 

different locations. 4207 

Although the molecular make-up of conjunctival melanomas partly resembles the molecular make-4208 

up of other mucosal melanomas,49 there are certainly differences. In contrast to the findings 4209 

concerning other mucosal melanomas, co-existence of c-KIT mutations and NF1 mutations are never 4210 

reported for conjunctival melanomas.3 We did not find epigenetic differences, since although 4211 

chapter 7 describes significant higher levels of miR-let7a, miR-let-7b and miR-let-7c in mucosal 4212 

melanoma of the head and neck region compared to conjunctival melanomas (p-values <0.01) in the 4213 

discovery cohort, this was not confirmed within the independent validation cohort. Another study, 4214 

comparing a smaller number of mucosal melanomas (conjunctival melanomas (n= 6) versus mucosal 4215 

Figure 2. BAP1 immunohistochemistry in conjunctival melanomas.

Conjunctival melanomas with a. loss of expression of BAP1. b. no loss of expression of BAP1. Magnification 400x.

Since both iris melanomas as well as (most) conjunctival melanomas are considered to be 

exposed to UVR, these differences with posterior uveal melanomas may be at least partly 

caused by UVR exposure.19 However, the detection method may be an important limiting 

factor as whole exome sequencing is not always an option and next generation sequencing 
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has limited targets. This hampers adequate comparison of the tumor mutational burden in 

melanomas arising from the different locations.

Although the molecular make-up of conjunctival melanomas partly resembles the molecular 

make-up of other mucosal melanomas,49 there are certainly differences. In contrast to the 

findings concerning other mucosal melanomas, co-existence of c-KIT mutations and NF1 

mutations are never reported for conjunctival melanomas.3 We did not find epigenetic 

differences, since although chapter 7 describes significant higher levels of miR-let-7a, 

miR-let-7b and miR-let-7c in mucosal melanoma of the head and neck region compared to 

conjunctival melanomas (p value <0.01) in the discovery cohort, this was not confirmed 

within the independent validation cohort. Another study, comparing a smaller number of 

mucosal melanomas (conjunctival melanomas (n=6) versus mucosal melanomas from 

different locations (n=4)), did also not report a significant difference in miRNA profile.5 The 

frequencies of the reported alterations differ from one study to another and depends on 

many factors,5 including sample size and clinicopathological characteristics of the tumor as 

well as bias due to availability of tissue, including the amount and the quality of available 

tumor tissue. Yet, considering the similarities and differences in the molecular make-up of 

melanomas derived from these different locations, conjunctival melanomas show most 

resemblance with cutaneous melanomas. This molecular make-up suggests that most 

conjunctival melanomas clinically behave largely like cutaneous melanomas. This is further 

supported by the partly overlapping well known adverse clinical histopathological parameters 

with respect to the development of metastatic disease in both conjunctival melanomas, as 

described in this thesis in chapter 5, and cutaneous melanomas50 and by comparable 

frequencies of genetic aberrations comparing conjunctival melanomas with cutaneous 

melanomas.5 Within the spectrum of melanomas different classes are recognized based on 

the degree of cumulative sun damage (CSD) (Table). 
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Table. Melanomas may be divided in melanomas with a low degree of cumulative sun damage (CSD), melanomas 
arising in chronically sun exposed sites, high CSD melanomas, and melanomas located on expected sun sheltered 
sites, non CSD associated melanomas, with each class revealing specific mutations. 

Classes Location Mutation

Low CSD melanomas Trunk BRAF V600E mutations

High CSD melanomas Head and neck NRAS, BRAF non V600E, NF1 
mutations

Non CSD associated melanomas Acral, oral, genital, sinonasal sites 
and  uvea.

c-KIT or SF3B1 mutations
no BRAF, NRAS or NF1 mutations 
(triple wild type)

The largest group is low or non CSD melanomas, including mucosal melanomas, uveal 

melanomas, acral melanomas, spitz melanomas, melanomas from congenital nevi and 

melanomas from blue nevi as well as superficial spreading melanomas. This group includes 

mucosal melanomas and uveal melanomas being described as melanomas rarely harboring 

BRAF, NRAS or NF1 mutations (triple wildtype).51,52 Yet, conjunctival melanomas show also 

high molecular resemblance with melanomas associated with highCSD, i.e. lentigo maligna 

and desmoplastic melanoma, being tumors with NRAS, BRAF non-V600E and NF1 mutations, 

as well as TERT promoter mutations, CDNK2A and KIT mutations.51 Altogether, these findings 

imply that similar strategies for cutaneous melanomas and conjunctival melanomas 

concerning clinical decision making can be used. Yet, although there are many similarities 

with cutaneous melanomas, conjunctival melanomas do share some molecular features with 

other ocular and mucosal melanomas and therefore these intriguing lesions are considered 

a separate entity within the melanoma group. The differences in molecular make-up may aid 

in the identification of the primary location of metastasized melanomas, although the 

overlapping genetic background still warrants strict clinical correlation, with special 

awareness to the molecular differences between melanomas originating from tarsal 

conjunctiva versus the bulbar conjunctiva, in which the differences may be partly the result 

of UVR exposure. 

Once a conjunctival melanoma has metastasized there are only limited treatment options, 

emphasizing the need for identification of parameters that may reveal conjunctival 

melanomas that are more likely to metastasize, the second question that is addressed in this 

thesis. Within this perspective we found a tumor thickness > 2 mm, the presence of epithelioid 

cells, the presence of mitotic figures, the presence of ulceration and a high pT status 
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correlated with a shorter metastatic free survival, as described in chapter 5. The adverse 

prognostic value of these parameters was also (partly) described in other literature.5,35 In 

addition tumor diameter,5 location5,35 and involvement of adjacent tissue are reported to be 

of prognostic relevance.5 Furthermore, although not proven to be statistically significant, we 

found IRS 0 for CXCR4 and CCR10 only in conjunctival melanoma cases without a metastasis, 

while a high IRS for CXCR4 was suggestive for conjunctival melanomas with adverse behavior, 

as described in chapter 3. Although the evidence may seem weak based on these low 

number of samples these findings may suggest that CXCR4 may play a role in an adverse 

clinical course. This was also supported by the findings in our mouse model, showing 

increased expression of CXCR4 in the passaged conjunctival melanoma cell line derived 

tumors and the metastasized lesion relative to the primary conjunctival melanoma cell line 

derived tumor. Additionally, in chapter 5 the presence of a TERT promoter mutation in 

conjunctival melanomas was correlated to the development of a metastasis, as was confirmed 

in chapter 6. Up to now this association was not reported in the literature on conjunctival 

melanomas.41 None of the other mutations in our study revealed a correlation with 

development of metastases. The relationship between mutations and metastatic disease has 

gained increasing interest because of the focus on personalized medicine with special interest 

for targeted therapy. The prognostic role of BRAF mutations is still a topic of debate, with 

conflicting results in the literature. Some studies claim that, in contrast to BRAF wildtype 

conjunctival melanomas, BRAF mutated melanomas are associated with an adverse clinical 

behavior, in terms of metastatic potential and correlation with adverse histopathological 

parameters.24,53 Other literature5,40,45 cannot confirm this adverse behavior, congruent with 

our findings. These differences in prognostic value of the different mutations may be 

explained by differences in follow-up time, the availability of old samples (sample bias), the 

different therapeutical approaches over time45 and technical differences in mutation 

detection.40 Moreover, since conjunctival melanomas are rare tumors, large sets are rare and 

this hampers the correction for possible confounding factors. Also, NRAS mutated melanomas 

are suspected to have a malignant course.19 However, because of the limited sample size, as 

in our study, it was not possible to formulate any definitive conclusions.19

From the epigenetic point of view, in chapter 4 we explored whether there are epigenetic 

differences comparing the miR profile of non-metastasized conjunctival melanomas with the 

miR profile of conjunctival melanomas with development of one or more metastases, in 
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order to predict the metastatic risk. Yet, we did not find any differences in miR levels 

comparing these two groups. As was already elaborated on in this thesis conjunctival 

melanomas share many characteristics with cutaneous melanomas. Yet, up to now the miR 

profile from cutaneous melanomas seems to differ from the miR profile of conjunctival 

melanomas, but for miR-9-5p, as serum miR-9-5p is suggested to be a prognostic biomarker 

in the search for metastatic cutaneous melanomas.54,55 

Conjunctival melanoma is a rare ocular tumor, in contrast to uveal melanomas56,57 and 

cutaneous melanomas.57,58 Therefore the resemblance of conjunctival melanomas with 

melanomas on these different locations may help in determining the most beneficial 

therapeutic strategy in conjunctival melanomas targeting the specific characteristics of the 

tumor. In chapter 5 we explored the different approaches used for conjunctival melanomas. 

Apart from exenteration, nowadays considered to be the last resort therapeutic option, there 

is insufficient proof for a standardized treatment protocol of conjunctival melanomas.57 Up to 

now most experience was gained with excision of the lesion with or without adjuvant therapy, 

including cryotherapy, topical chemotherapy and radioactive isotopes. However, the 

aforementioned molecular characteristics may help in providing a more individualized 

approach of the lesion, with beneficial results as seen in melanomas on the other locations.54,58 

Of the reported mutations in conjunctival melanomas a BRAF V600E mutation is one of the 

most well documented mutations with respect to targeted therapy as has been extensively 

investigated in metastasized cutaneous melanomas.54,59 Furthermore the presence of a NRAS 

mutation may be of interest since patients with NRAS mutated melanomas may benefit from 

MEK inhibitor therapy, as shown for cutaneous melanomas.54,59 Also of interest with respect 

to possible beneficial clinical outcome based on targeted therapy is the presence of a c-KIT 

mutation.5,54,59 In cutaneous melanomas combination therapy compared to single-agent 

therapy has shown even better survival results, for example combining BRAF inhibitor and 

MEK inhibitors and MEK inhibitors and mTOR inhibitors,24,54 with patients with a conjunctival 

melanoma seeming to benefit from a combination of MEK and AKT inhibitors.56 Nowadays 

checkpoint inhibitors, including PD-L1/PD-1 checkpoint immunotherapy, are considered 

beneficial in the treatment of unresectable cutaneous melanoma and/or cutaneous 

melanoma with distant metastatic disease. Since this treatment has shown beneficial effects 

in cutaneous melanomas60 this may be also a promising treatment for advanced conjunctival 

melanomas,49,61 because, in contrast to other mucosal melanomas, an important subset of 
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the conjunctival melanomas show expression of PD-L1 using immunohistochemistry.49 The 

effect of the treatment, however, is dependent on multiple factors, including the amount of 

T-cells associated with the melanocytic lesion and HLA Class I expression in the primary 

lesion.62 

Direct clinical implications of the findings presented in this thesis

Molecular characterization of conjunctival melanocytic lesions may have consequences for 

diagnosis and follow up strategy. 

Recognizing special types of conjunctival melanocytic nevi

Apart from junctional, compound, and subepithelial nevus, inflamed juvenile nevus, blue 

nevus and Spitz nevus, DPN should be acknowledged as one of the nevi that may be confused 

with melanoma in order to prevent overdiagnosis and unnecessary mutilating surgery. 

Molecular characterization, including identifying TERT promoter mutations and beta -catenin 

mutations, can support in rendering the correct diagnosis. We feel that this molecular 

characterization is essential for acknowledging this lesion to be incorporated as a special 

type of nevi in the WHO Classification of Tumors of the Eye, as this distinguishes this lesion 

from the other melanocytic lesions in addition to the clinicopathological features. As 

melanocytic lesions may be hard to classify solely based on clinicohistopathological features, 

it is remarkable that Spitz nevi in the conjunctiva have not yet been molecularly defined. 

Molecular diagnostics within the light of finding the primary tumor

Determining the genetic profile may aim in identifying the primary tumor in case of a 

metastasis with an unknown primary tumor, although strict clinical correlation is required 

considering the overlapping molecular profiles of melanomas from different locations, 

including the presence of a SF3B1 mutation as was described for the first time in our 

conjunctival melanoma cohort. 

Adverse prognostic markers

TERT promoter mutations may be used in addition to histopathological characteristics to 

distinguish benign nevi from melanomas. Development of a diagnostic test utilizing the 

combined differential expression of the miR-9-5p, miR-196-5p and miR-615-5p holds promise 
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for a useful tool to discern nevi with suspect histopathological features from melanoma. 

There is a special interest concerning the presence of a TERT promoter mutation in 

conjunctival melanomas, since these patients may benefit from an intensified follow-up 

program, as we found the presence of a TERT promoter mutation in our studies in chapter 5 

and chapter 6 to be correlated to a shorter metastasis free survival. 

Adjuvant targeted therapies in primary conjunctival melanoma treatment

Since chemokines are thought to be involved in the melanoma genesis of conjunctival 

melanomas, as chemokine receptor proteins are expressed by melanoma cells, as 

demonstrated in chapter 3, these proteins may also be of interest with respect to targeted 

therapy, especially since chemokines are also described to modulate the tumor environment, 

as chemokines are also secreted by stromal cells and immune cells.24 

In addition, unraveling the molecular features of the conjunctival melanomas creates 

opportunities to even more personalized follow-up and treatment options. Within this 

perspective the many resemblances between conjunctival melanomas and cutaneous 

melanomas are beneficial, because of the broad and still growing experience with targeted 

therapy treating cutaneous melanomas.24, 54 This experience is and presumably will be the 

basis of further improvement of the therapeutic options concerning conjunctival melanomas. 

Especially in large primary tumors adjuvant targeted molecular therapy has the potential to 

induce significant reduction in tumor size prior to surgery and prevent exenteration in 

selected cases that carry mutations of BRAF, NRAS or c-KIT, as was shown for a cohort 

involving cutaneous as well as mucosal melanomas.63

Future prospects

Although the incidence of conjunctival melanomas is increasing, these tumors are still rare. 

This emphasizes the need for collaboration between (academic) specialized ocular oncology 

centers to collect large series of conjunctival melanomas to gain more robust data concerning 

parameters that may predict the behavior of these lesions, which may prevent metastatic 

disease. Moreover, collaboration will enlarge the experience with (new) treatment options in 

specialized hospitals, improving health care. Within this perspective it would be beneficial to 

create uniform pathology reports, to gain a large complete dataset, enabling unraveling 
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correlations between different clinicopathological and (epi-)genetic parameters, analogue to 

the routinely used standardized reporting of cutaneous and uveal melanomas in The 

Netherlands, using so called “Palga protocols”. 

Larger cohorts will help in the validation of results. This validation is especially important in 

testing new methods of predicting the behavior of conjunctival melanocytic lesions. These 

new methods include unraveling the miR profiles of conjunctival melanocytic lesions. The 

high stability of miR compared to mRNA, probably due to the high stability of the RISC/miR 

complex, helps in forming large cohorts, as also blood samples and FFPE material can be 

used for this method.64 Unfortunately, up to now this process of determining the miR profile 

is time consuming and rather expensive. Because of the promising results in our study, it may 

be worth considering a less expensive and quicker detection method of miR, for example 

using immunohistochemistry, analogue to the detection of the aforementioned chemokines. 

Of special interest is the use of miR in situ hybridization, since this technique may provide 

information concerning the miR’s cellular origin, thereby giving more insights into the specific 

tissue compartments,64 for example the melanocytes or cells present in the stroma, that are 

under control of the specific miR. 

These less expensive and less time-consuming detection methods would encourage the 

implementation of these parameters in the routine diagnostics, enabling large series to 

become available for further investigation. This may form the basis for in vitro testing of 

targeting chemokine receptors and miR in conjunctival melanoma cell lines and this may 

have important consequences for the identification of potential molecular targets possibly of 

interest with respect to the treatment of conjunctival melanomas. Within this light testing of 

miR in serum may be of interest with respect to discover metastatic disease in an early phase, 

analogous to evaluation of serum miR that was suggested to be a of use in detection of 

metastatic disease in cutaneous melanomas.54,55

In conclusion benign and malignant conjunctival melanocytic lesions may be difficult to be 

distinguished from each other based on a clinical point of view and it may be challenging to 

distinguish these lesions solely based on histopathological features. Ancillary tests, including 

immunohistochemistry and molecular diagnostics may help in rendering the correct 

diagnosis, with DPN being revealed as a separate entity within the group of conjunctival 
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melanocytic lesions. Conjunctival melanomas are rare lesions and must be considered a 

separate entity within the melanoma group, although there certainly are overlapping 

molecular features with melanomas derived from other locations, including BAP1 and SF3B1 

mutations, emphasizing that careful correlation with clinical findings is required. Conjunctival 

melanomas mostly resemble cutaneous melanomas, but also share molecular features with 

other ocular melanomas and other mucosal melanomas. These resemblances may be 

beneficial, since up to now lots of experience has been gained with the approach of 

melanomas from these locations. To optimize the management of a conjunctival melanoma 

in a specific patient, one needs both tools to predict the behavior of the lesion and to unravel 

the lesion’s characteristics that may be of therapeutic interest. Within this perspective a high 

pT status, tumor thickness, presence of epithelioid cells, ulceration and the presence of 

mitotic figures are of interest since these parameters are associated with a higher risk of 

metastatic disease. Moreover, the presence of a TERT promoter mutation is associated with 

a shorter metastatic free survival. These findings suggest that patients with these features 

may benefit from an intensified follow up. Additionally, determining the molecular make-up 

of the lesion may reveal targets that are of interest from a therapeutic point of view, i.e. the 

presence of a BRAF mutation, NRAS mutation and c-KIT mutation. Additionally, in the future 

chemokine expression and miR profiling may be of interest from a therapeutic point of view. 

The more features are revealed the more questions arise and to overcome these challenges 

concerning this complex and rare lesion again emphasizes that collaboration between 

specialized hospitals is essential.
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CHAPTER 9

Conjunctival melanoma is a rare type of mucosal melanoma and based on the location this 

lesion is also an ocular melanoma. Conjunctival melanoma has an increasing incidence and 

this lesion mostly develops from primary acquired melanosis (PAM)/conjunctival melanocytic 

intraepithelial neoplasia (C-MIN)/ conjunctival intraepithelial melanocytic lesion (C-MIL) with 

severe atypia. Recurrences are reported in 30->50% of the cases and development of 

metastasis and death in 10 years is reported in more than 50% of the patients. Solely based 

on clinical characteristics it may be very challenging to distinguish benign melanocytic lesions 

from melanoma. In case of worrying clinical characteristics, i.e. large tumor size, documented 

growth, dilated tortuous feeder vessels and intrinsic feeder vessels, lack of mobility and 

location on the non-bulbar conjunctiva, the lesion is subjected to histopathological 

examination, with focus on cytonuclear detail, presence of mitotic figures, angioinvasive 

growth, ulceration and absence of maturation. In order to try to predict the lesion’s behavior 

additional techniques may be applicable, including immunohistochemistry, in situ 

hybridization and (epi)genetic analysis (chapters 2-6). 

In chapter 2 we describe a deep penetrating nevus (DPN) on the conjunctiva, a new entity 

that is suggested to be incorporated in the WHO Classification of Tumors of the Eye, 5th 

edition. Although DPN may show worrying clinical and histopathological features, these 

lesions have an advantageous course and as such have an exceedingly low risk to develop 

metastases. Because of the important consequences concerning the follow up, it is important 

to reliably distinguish this type of lesion from overt melanoma. In order to discriminate 

melanocytic nevi from melanoma and its precursor lesion PAM with atypia, chemokine 

receptor expression may be used. In chapter 3 a significant higher expression was found for 

all tested chemokine receptors in conjunctival melanoma compared to conjunctival nevi, 

with the immunoreactive score in CCR10 and CXCR4 being different in nevi versus PAM with 

atypia. In case of ambiguous patterns using immunohistochemistry and in situ hybridization 

the invasive lesion may be subjected to (epi-)genetic analysis. In chapter 4 the combination 

of microRNAs (miR) miR-196b-5p, miR-615-3p and miR-9-5p is considered the best 

performing miR combination with respect to discriminating conjunctival melanocytic nevi 

from conjunctival melanoma. Conjunctival melanoma mostly harbor TERT promoter 

mutations and BRAF mutations, as described in chapter 5 and chapter 6, and a minority of 

the conjunctival melanoma reveal NRAS, BAP1, PTEN, c-KIT and SF3B1 mutations. This 

genetic profile fits well within the pathways that are well known in melanoma genesis 
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concerning melanoma arising from various sites, i.e. activation of the MAPK pathway and the 

PI3K/AKT/mTOR pathway, with an important role for chemokine receptors CCR7, CCR10 and 

CXCR4 and the combination of hsa-miR-196b-5p, hsa-miR-615-3p and hsa-miR-9-5p. Chapter 

7 describes a role for hsa-miR-let7a-c within the melanomagenesis, but the exact role of 

these miR in mucosal melanoma still remains to be elucidated. Based on our molecular 

findings conjunctival melanoma comprises a separate entity within the melanoma group, 

although there are molecular features, including TERT promoter, BRAF, BAP1 and SF3B1 

mutations being similar to melanoma arising from other locations. Our results demonstrate 

a strong resemblance to cutaneous melanoma, with overlapping features with iris melanoma, 

revealing TERT promoter mutations carrying the UV-signature. However, the differences in 

genetic make-up of the melanoma arising from different locations may help in determining 

the primary origin of the melanoma in case of an unknown primary, although these data 

have to be carefully correlated to the clinical findings.

Prognostics in conjunctival melanoma

In order to predict the behavior of conjunctival melanoma we evaluated the histopathological, 

immunohistochemical and (epi-)genetic features within the light of development of recurrent 

and metastatic disease (chapters 3-7). In chapter 5 we describe a tumor thickness > 2 mm, 

the presence of epithelioid cells, the presence of mitotic figures, the presence of ulceration 

and a high pT status to be correlated with a shorter metastatic free survival. Additionally, our 

findings suggest that CXCR4 may play a role in an adverse clinical course, which was supported 

by the findings in a mouse model, as described in chapter 3, using immunohistochemistry. 

Moreover, in chapter 5 the presence of a TERT promoter mutation in conjunctival melanoma 

was correlated with the development of metastasis, as was confirmed in chapter 6. 

Furthermore, in chapter 6 we presented the presence of a TERT promoter mutation to be 

associated with non-PAM origin, which could be confirmed after reanalysis of the data in 

chapter 5. These findings may be of clinical interest in composing a personalized therapeutic 

and follow up strategy. None of the histopathological parameters, immunohistochemical 

staining patterns and (epi-)genetic data were correlated with the presence of recurrent 

disease. 

In conclusion, benign conjunctival melanocytic lesions, including a DPN, may be hard to 

distinguish from conjunctival melanoma based on clinical and histopathological features 
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alone. Using immunohistochemistry, including CCR10, CCR7 and CXCR4, next generation 

sequencing and miR analysis may help in predicting the lesion’s behavior, with an important 

prognostic role for the presence of a TERT promoter mutation, as the presence of this 

mutation is associated with the development of metastatic disease. Conjunctival melanoma 

can be considered to be a separate entity within the melanoma group, although there are 

many overlapping features, including molecular features, with cutaneous melanoma. The 

large (and still growing) experience with novel therapies for cutaneous melanoma may, 

therefore, offer opportunities for the therapeutic approach of conjunctival melanoma.   

As conjunctival melanoma is a rare disease validating the findings in large cohorts can be 

quite a challenge and warrants collaboration between specialized hospitals. Additionally, it is 

important to focus on development of standardized (pathology) reports and unambiguous, 

less expensive and less time-consuming alternatives for (new) ancillary tests, thereby 

enabling large multicenter series, needed for gathering more robust data. 
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CHAPTER 10

Conjunctivamelanoom is een zeldzaam type mucosaal melanoom en is, gezien de locatie, 

ook een oogmelanoom. De meeste conjunctivamelanomen ontstaan uit primary acquired 

melanosis (PAM)/melanocytaire intraepitheliale neoplasie van de conjunctiva (C-MIN)/ 

intraepitheliale melanocytaire laesie van de conjunctiva (C-MIL) met atypie. Er is sprake van 

een stijgende incidentie. Melanomen recidiveren in 30->50% van de gevallen en 

gemetastaseerde ziekte en melanoom gerelateerd overlijden binnen 10 jaar wordt gezien in 

meer 50% van de patienten. Het kan erg moeilijk zijn om op basis van alleen het klinisch 

beeld een goedaardige melanocytaire laesie te onderscheiden van een melanoom. Hierbij 

worden een grote tumordiameter, gedocumenteerde groei van de tumor, gedilateerde 

kronkelende vaten richting de tumor, afwezigheid van flexibiliteit van de tumor ten opzichte 

van de onderlaag en een niet bulbaire locatie beschouwd als alarmerende klinische 

kenmerken. In geval van deze verontrustende kenmerken wordt het weefsel aangeboden 

voor verder histopathologisch onderzoek, waarbij specifiek wordt gelet op het celbeeld, de 

aanwezigheid van delingsfiguren, angioinvasie, ulceratie en afwezigheid van uitrijping van de 

laesie. Om een uitspraak te kunnen doen over het te verwachten gedrag van de tumor kan er 

naast lichtmicroscopie ook gebruik worden gemaakt van immunohistochemie, in situ 

hybridisatie en (epi-) genetisch onderzoek (hoofdstuk 2-6). 

In hoofdstuk 2 beschrijven we een deep penetrating nevus (DPN) van de conjunctiva, een 

nieuwe entiteit die is voorgesteld om te  worden opgenomen in de vijfde editie van de WHO 

Classification of Tumors of the Eye. Hoewel deze laesie er zowel klinisch alsook 

histopathologisch verontrustend uit kan zien hebben deze tumoren een goede prognose en 

derhalve hebben deze laesies een laag risico op uitzaaiingen. Vanwege de grote consequenties 

voor het klinisch beleid is het van belang om een goed onderscheid te (kunnen) maken 

tussen een DPN en een melanoom. Om een goed onderscheid te kunnen maken tussen 

melanocytaire nevi, melanoom en het voorloperstadium PAM met atypie kan worden 

gekeken naar chemokine receptor expressie.  In hoofdstuk 3 vinden we een significante 

hogere expressie voor alle geteste chemokines in conjunctivamelanoom vergeleken met 

conjunctivale melanocytaire nevi, met een verschil tussen PAM met atypie en de nevi wat 

betreft CCR10 en CXCR4. In het geval van elkaar tegensprekende bevindingen bij 

immunohistochemie en in situ hybridisatie kan de invasieve component worden geanalyseerd 

met behulp van (epi-)genetisch onderzoek. Hierbij lijkt de combinatie van miR  miR-196-5p, 

miR-615-3p en miR-9-5p het beste conjunctiva nevi van melanomen te onderscheiden, zoals 
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beschreven in hoofdstuk 4. De meest voorkomende mutaties in conjunctiva melanomen zijn 

TERT promoter mutaties en BRAF mutaties, waarbij in een minderheid van de melanomen 

ook NRAS, BAP1, PTEN, c-KIT en SF3B1 mutaties kunnen worden gevonden. Deze bevindingen 

passen goed binnen de verschillende pathogene routes die betrokken zijn bij het ontstaan 

van melanomen van verschillende locaties, waarbij met name belangrijk zijn activatie van de 

MAPK route en de PI3K/AKT/mTOR route, met een belangrijke rol voor chemokine receptor 

CCR7, CCR10 en CXCR4 en de combinatie van hsa-miR-196b-5p, hsa-miR-615-3p en 

hsa-miR-9-5p. In hoofdstuk 7 wordt de rol van hsa-miR-let7a-c bij het ontstaan van 

melanomen beschreven, maar de exacte rol van deze miR bij mucosale melanomen is 

vooralsnog niet geheel opgehelderd. Op basis van onze moleculaire bevindingen moeten 

conjunctivamelanomen worden beschouwd als een aparte entiteit binnen de groep 

melanomen, hoewel er zeker overlappende moleculaire kenmerken zijn, namelijk TERT 

promotor mutaties, BRAF, BAP1 en SF3B1 mutaties, welke ook worden gevonden bij 

melanomen die ontstaan vanuit andere locaties. Hierbij wordt er een grote gelijkenis gezien 

met huidmelanomen en irismelanomen, waarbij ook TERT promoter mutaties worden gezien 

met het zogenaamde UV kenmerk. De verschillen in de genetische opmaak van de melanomen 

ontstaan vanuit verschillende locaties kunnen bruikbaar zijn bij het achterhalen van de 

primaire origine van een laesie in geval dat er sprake is van metastasen met een onbekende 

primaire origine. Echter, gezien de beschreven overlap is goede correlatie met de klinische 

bevindingen noodzakelijk. 

Prognostische factoren bij conjunctivamelanomen 

Om een voorspelling te kunnen doen wat betreft het gedrag van conjunctivamelanomen 

hebben we de histopathologische, immunohistochemische en (epi-)genetische kenmerken 

van de conjunctivamelanomen bekeken in het licht van de ontwikkeling van recidieven en 

metastasen (hoofdstuk 3-7). In hoofdstuk 5 beschrijven we dat Breslow > 2mm, de 

aanwezigheid van epithelioide cellen, de aanwezigheid van mitosen, de aanwezigheid van 

ulceratie en een hoge pT status zijn gecorreleerd aan een kortere metastasevrije overleving. 

Verder suggereren onze bevindingen gebruik makend van immunohistochemie dat CXCR4 

expressie wellicht samenhangt met ongunstig klinisch gedrag, hetgeen wordt ondersteund 

door een muismodel, zoals beschreven in hoofdstuk 3. Bovendien hebben we, afgaande op 

onze bevindingen in hoofdstuk 5 zeer sterke aanwijzingen dat de aanwezigheid van een TERT 

promoter mutatie is geassocieerd met de ontwikkeling van metastasen. Deze bevinding werd 
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bevestigd door de resultaten zoals beschreven in hoofdstuk 6. Daarnaast zien we dat de 

aanwezigheid van een TERT promoter mutatie lijkt te zijn geassocieerd met een non-PAM 

origine, hetgeen werd bevestigd na een heranalyse van onze bevindingen in hoofdstuk 5. 

Deze bevindingen zijn mogelijk van klinisch belang wanneer wordt ingezet op een 

gepersonaliseerde beleidsvoering, zowel in therapeutisch opzicht als ook wat betreft het 

controleren van het ziektebeloop van de patient in de tijd. Geen van de klinische parameters, 

immunohistochemische aankleuringspatronen en (epi-)genetische bevindingen waren 

gecorreleerd met het ontstaan van recidieven. 

Samenvattend kunnen benigne conjunctivale melanocytaire laesies, waaronder een DPN, 

moeilijk te onderscheiden zijn van conjunctivamelanomen wanneer alleen klinische en 

histopathologische kenmerken in ogenschouw worden genomen. In die gevallen kan het 

gebruik van immunohistochemie, waaronder CCR10, CCR7 en CXCR4, next generation 

sequencing en miR analyse van toegevoegde waarde zijn om een meer betrouwbare uitspraak 

te kunnen doen over het te verwachte biologisch gedrag van de laesie. Hierbij is de 

aanwezigheid van een TERT promoter mutatie van belangrijke prognostische waarde, 

aangezien de aanwezigheid van deze mutatie is geassocieerd met het ontstaan van 

metastasen. Conjunctivamelanomen moeten worden gezien als een aparte entiteit binnen 

de groep melanomen, hoewel er meerdere overlappende kenmerken zijn, waaronder ook 

overeenkomsten in genetische opmaak met huidmelanomen. Deze grote overlap met 

huidmelanomen biedt belangrijke mogelijkheden wat betreft de behandeling van 

conjunctivamelanomen, waarbij men kan teruggrijpen op de reeds uitgebreide (en nog 

steeds groeiende) kennis die er is aangaande de behandeling van huidmelanomen. 

Aangezien conjunctivamelanomen zeer zeldzaam zijn, kan het vormen van grote cohorten, 

mede ter validatie van de resultaten, een grote uitdaging zijn. Dit benadrukt het belang van 

samenwerking tussen verschillende gespecialiseerde centra. Daarnaast kan het ontwikkelen 

van een gestandaardiseerde (pathologie) verslaglegging, alsook het ontwikkelen van 

eenduidige, goedkopere en minder tijdrovende alternatieven voor (nieuw) aanvullend 

onderzoek van grote toegevoegde waarde zijn bij het vergaren van grote series, verzameld 

binnen meerdere centra, dit met het oog op het verkrijgen van meer robuuste gegevens. 
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AJCC   American Joint Committee on Cancer

BAP1   BRCA-associated protein 1

BRAF   viral oncogene homolog B1

CSC   cancer stem cells

c-KIT   tyrosine protein kinase

C-MIL   conjunctival melanocytic intraepithelial lesion 

C-MIN   conjunctival melanocytic intraepithelial neoplasia

CM   conjunctival melanoma(s)

Cq   quantitation cycle

CSD            cumulative sun damage

DPN   deep penetrating nevus

EIF1AX   eukaryotic translation initiation factor 1A

EMT   epithelial-mesenchymal transition

ETS transcription factors  E-twenty-six transcription factors

FFPE   formalin-fixed paraffin embedded

FISH                          fluorescence in situ hybridization

GNA11   guanine-nucleotide-binding protein-alpha 11 

GNAQ   guanine-nucleotide-binding protein-Q

IHC   immunohistochemistry

IRS   immunoreactive score 

KRAS   Kirsten RAS oncogene homolog

MAPK pathway  mitogen-activated protein kinase (MAPK) pathway

MET   mesenchymal-epithelial transition

MFS   metastasis-free survival

miR(NA)   microRNA(s)

NF1   neurofibromin 1

NGS   next generation sequencing

NRAS   neuroblastoma RAS viral oncogene homolog

PAM(+)   primary acquired melanosis with atypia

PI3K-AKT pathway phosphoinositide 3-kinase(PI3K)-AKT pathway

pT status  pathological tumor status

RFS   recurrence-free survival

ROC curve  receiver operating characteristic curve
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SDF-1   stromal cell-derived factor 1 

SF3B1   splicing factor 3 subunit 1

TAMs   tumor-associated macrophages  

TERT   telomerase reverse transcriptase

TLDA   TaqMan Low Density Array Card A

TNM   tumor node metastasis

TMA   tissue microarray

UM   uveal melanoma

UVR   solar ultraviolet radiation

Y   year(s)
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