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Summary
Uveal melanoma (UM) is the most common primary ocular malignancy demonstrating increased rates, especially
in middle-aged Caucasian populations. Chronic exposure
to ultraviolet rays/sunlight, race, gender (males), or some
familial hereditary syndrome in sub-groups of patients are
major factors correlated to increased risk for UM rise and
progression. Specific genetic signatures at the level of chromosomal instability (CI) characterize sub-groups of patients
affecting the biological behaviour of the tumour leading to
aggressive phenotypes (advanced stage-distant metastases,

poor response, and survival rates), especially combined chromosome 8 polysomy and chromosome 3 monosomy. Besides
these aberrations, numerical and structural imbalances have
been reported in chromosomes 1, 6, 8, 9, 11, 18, and 21. In
the current molecular review we present specific chromosome
numerical and structural aberrations that are implicated in
UM genetic substrate and create a variety of genetic signatures in the corresponding patients.
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Introduction
Concerning primary ocular malignancies in
adults, uveal melanoma (UM) is the most common
- although generally rare - among all malignanciesdemonstrating increased rates, especially in middle-aged Caucasian populations [1,2]. The onset of
UM implicates the eye uveal tract comprising iris,
ciliary body, and retinal choroid. The corresponding
target-cells are immigrated melanocytes from the
neural crest to uveal tract [3]. The clinical image
of the corresponding patients covers a broad spectrum from completely asymptomatic at the early
stages of the lesion to painless modified or loss
of vision (ie metamorphopsia). Flashing or light
flickering under the term “photopsia” combined or
not with discoloration of the iris and potentially

chronic conjunctivitis have been reported. Different levels of asymmetric astigmatism as a result of
intraocular lens displacement or in rare cases and
blind eye are also clinical signs for development
of an occult melanoma [4,5]. Chronic exposure to
ultraviolet rays/sunlight, race, gender (males), or
some familial hereditary syndrome in sub-groups
of patients are major factors correlated to increased
risk for UM rise and progression. Concerning familiar/genetic predisposing causes, ocular melanocytosis, dysplastic nevus syndrome, choroidal nevi,
neurofibromatosis have been found to be critically
involved in its development. Interestingly, conventional cutaneous melanoma seems not to be directly a risk factor for UM [6-8]. Specific UM genetic
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alterations explain in part an aggressive phenotype of the malignancy characterized by increased
metastatic potential. UM demonstrates significant
proportions hematogeneous and lymphatic infiltration, whereas an invasion of the sclera directly has
been reported [9,10].
Histopathologic features correlated to increased metastatic progression include a combination of epithelioid type with macrophage/lymphocyte infiltration, increased cell proliferation
(mitotic activity) and fibrovascular networks [11].
Based on clinicopathological studies, UM patients
with advance T-stage demonstrated high risk for
developing metastases, especially in the liver [12].
In the current molecular review, we present specific
chromosome numerical and structural aberrations
that are implicated in UM genetic substrate and
create a variety of genetic signatures in the corresponding patients.

Chromosomal
malignancies

instability

in

solid

Gross chromosomal and specific gene alterations are genetic aspects that are involved in its
rise, progression and metastatic expansion. Concerning solid tumors, a variety of chromosome
and gene functional and numerical imbalances
in crucial molecular pathways such as cell cycle
regulation, signaling transduction, apoptosis or
angiogenesis have been identified and explained.
Chromosomal Instability (CI) is referred to
gross chromosome aberrations including abnormal numerical alterations such as0 polysomy –also
aneuploidy – (usually 3-5 chromosome copies per
nucleus) and monosomy (loss of one chromosome)
detectable by karyotyping techniques and fluoresence in situ hybridization (FISH) analyses. Furthermore, structural changes and rearrangements
(ie translocations) in specific or vast chromosome
regions are identified by applying predominantly
polymerase chain reaction (PCR) and FISH, especially comparative genomic hybridization (CGH)
[13,14].

CI in UM

Figure 1. Chromosomal instability (CI) in uveal melanoma
(UM). Chromosomes 1, 3, 6, 8, 9, 11, 18, and 21 are involved
in UM specific genetic signatures demonstrating gains and
losses in p and q axes, or complete monosomy/polysomy
(green: gains/polysomy, red: losses/monosomy).

and reduced survival rates [16,17]. Chromosome
6 demonstrates specific gain (6p: 6pt-6p21.2) and
loss (6q: 6q16.1- 6q22), whereas only 6q loss has
been detected to be involved in UM metastatic potential [18]. Furthermore, chromosome 8 polysomy
(mainly trisomy and 8q gain) is also correlated –
combined or not with chromosome 3 monosomyto poor prognosis and distant metastases in the
liver [19]. Concerning chromosome 1, deletion of
its short (p) arm (1p31 loss) combined with 6q and
8p loss has been observed to correlate to elevated
risk for distant metastases and recurrence [20,21].
Interestingly, gains affecting the 1q, 6p, 8q, and
9q and loss of 6q and 11q seem to be associated
with PRAME (PReferentially Antigen Expressed in
MElanoma) overexpression, which is an independent prognostic biomarker in UMs [22]. Finally, the
role of chromosome 18q and 21q loci amplifications -that are present in limited sub-groups of UM
patients- remains under investigation [23].
In conclusion, UM represents a distinct histogenetic entity regarding ocular neoplastic lesions.
Specific genetic signatures at the level of CI characterize sub-groups of patients affecting the biological behaviour of the tumour leading to aggressive
phenotypes (advanced stage-distant metastases,
poor response and survival rates), especially combined chromosome 8 polysomy and chromosome
3 monosomy. Besides these aberrations, numerical
and structural imbalances in chromosomes 1, 6, 8,
9, 11, 18, and 21 create an extended genetic landscape of genetic signatures in the corresponding
patients (Figure 1).

Concerning UM CI spectrum and rates, specific
cytogenetic analyses have revealed a spectrum of
numerical and structural alterations implicating
predominantly chromosomes 1,3,6,8, and lesser
chromosomes 9, 11, 18, and 21, respectively [15].
Chromosome 3 loss (monosomy) –specifically deletions on 3p11–14 and 3p25–26 loci- has been Conflict of interests
found to be the most frequent karyotypic abnormality correlated to distant metastases in the liver
The authors declare no conflict of interests.
JBUON 2021; 26(6): 2232

Chromosomal instability in uveal melanoma

2233

References
1.

Singh AD, Turell ME, Topham AK. Uveal melanoma:
trends in incidence, treatment, and survival. Ophthalmology 2011; 118:1881-5.

13. Albertson DG, Collins C, McCormick F, Gray JW. Chromosome aberrations in solid tumours. Nat Genet 2003;
34:369-76.

2.

Mallone S, De Vries E, Guzzo M et al. Descriptive epidemiology of malignant mucosal and uveal melanomas
and adnexal skin carcinomas in Europe. Eur J Cancer
2012; 48: 1167-75.

14. Grade M, Difilippantonio MJ, Camps J. Patterns of Chromosomal Aberrations in Solid Tumors. Recent Results
Cancer Res 2015; 200:115-42.

3.

Kaliki S, Shields CL. Uveal melanoma: relatively rare
but deadly cancer. Eye 2017; 31:241-57.

4.

Chattopadhyay C, Kim DW, Gombos DS et al. Uveal
melanoma: From diagnosis to treatment and the science in between. Cancer 2016; 122:2299-312.

5.

Damato EM, Damato BE. Detection and time to treatment of uveal melanoma in the United Kingdom: An
evaluation of 2384 patients. Ophthalmology 2012; 119:
1582-9.

6.

7.

8.

9.

Shields CL, Kaliki S, Livesey M et al. Association of
ocular and oculodermal melanocytosis with the rate
of uveal melanoma metastasis analysis of 7872 consecutive eyes. JAMA Ophthalmol 2013; 131:993-1003.
Mallone F, Sacchetti M, Lambiase A, Moramarco A.
Molecular Insights and Emerging Strategies for Treatment of Metastatic Uveal Melanoma. Cancers (Basel)
2020; 12:2761-68.
Rodrigues M, de Koning L, Coupland, SE et al. So close,
yet so far: Discrepancies between uveal and other melanomas. a position paper from UM cure 2020. Cancers
2019; 11:1032-37.
Shields CL, Furuta M, Thangappan A et al. Metastasis
of uveal melanoma millimeter-by-millimeter in 8033
consecutive eyes. Arch. Ophthalmol 2009; 127: 989-98.

10. Dithmar S, Diaz CE, Grossniklaus HE. Intraocular melanoma spread to regional lymph nodes. Retina 2000;
20:76-9.
11. Gill HS, Char DH. Uveal melanoma prognostication:
From lesion size and cell type to molecular class. Can
J Ophthalmol 2012; 47:246-53.
12. Garg G, Finger PT, Kivelä TT et al. Patients presenting
with metastases: stage IV uveal melanoma, an international study. Br J Ophthalmol 2021; 134-39.

15. Chattopadhyay C, Kim DW, Gombos DS et al. Uveal
melanoma: From diagnosis to treatment and the science in between. Cancer 2016; 122:2299-312.
16. White JS, Becker RL, McLean IW, Director-Myska AE,
Nath J. Molecular cytogenetic evaluation of 10 uveal
melanoma cell lines. Cancer Genet Cytogenet 2006;
168:11-21.
17. Cross NA, Ganesh A, Parpia M, Murray AK, Rennie IG,
Sisley K. Multiple locations on chromosome 3 are the
targets of specific deletions in uveal melanoma. Eye
(Lond) 2006; 20:476-81.
18. Aalto Y, Eriksson L, Seregard S et al. Concomitant loss
of chromosome 3 and whole arm losses and gains of
chromosome 1, 6, or 8 in metastasizing primary uveal
melanoma. Investig Ophthalmol Vis Sci 2001; 42:313-7.
19. Singh AD, Tubbs R, Biscotti C, Schoenfield L, Trizzoi
P. Chromosomal 3 and 8 status within hepatic metastasis of uveal melanoma. Arch Pathol Lab Med 2009;
133:1223-7.
20. Höglund M, Gisselsson D, Hansen GB et al. Dissecting
karyotypic patterns in malignant melanomas: Temporal clustering of losses and gains in melanoma karyotypic evolution. Int J Cancer 2004; 108:57-65.
21. Ewens KG, Kanetsky PA, Richards-Yutz J et al. A.
Genomic profile of 320 uveal melanoma cases: Chromosome 8p-loss and metastatic outcome. Investig.
Ophthalmol Vis Sci 2013; 54:5721-9.
22. Field MG, Decatur CL, Kurtenbach S et al. PRAME as an
independent biomarker for metastasis in uveal melanoma. Clin Cancer Res 2016; 22: 1234-42.
23. Mensink HW, Kilic E, Vaarwater J, Douben H, Paridaens
D, de Klein A. Molecular cytogenetic analysis of archival uveal melanoma with known clinical outcome.
Cancer Genet Cytogenet 2008; 181:108-11.

JBUON 2021; 26(6): 2233

