
Review Article

New Frontiers in Ophthalmology

New Front Ophthalmol, 2017        doi: 10.15761/NFO.1000159  Volume 3(2): 1-4

ISSN: 2397-2092

Karyotype aberrations and gene mutations characteristics 
correlated it with UM prognosis
Ying Mao1, Bin Li*1 

1Beijing Institute of Ophthalmology. Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical University, Beijing Key Laboratory of Ophthalmology 
and Visual Sciences, Beijing 100005, China

Abstract
Researchers tried to determined it whether the prognostic of the high incidence karyotype aberrations and gene mutations that had been displayed in uveal melanoma 
patients. Such as what the prognosis usually was about UM patients with loss of chromosome 3 (monosomy 3), polyploidy (>2N) or gain of chromosome 8q that were 
combined with/without the main gene mutations of BAP1 (BRCA-associated protein 1), EIF1AX (eukaryotic translation factor 1A), GNAQ (Guanine nucleotide-
binding protein, q polypeptide), GNA11 (Guanine nucleotide-binding protein, subunit alpha-11) and SF3B1 (splicing factor 3 subunit B1). Through the literatures 
of recent years, researchers had suggested aberration of karyotypes and mutation of genes were both made in patients with different prognostic results than we had 
anticipated but allowed us to reassure patients with a good prognosis.  

Introduction
Uveal melanoma (UM) was a most prevalence malignancy tumor 

located in the uveal of the eyes in adults which approximately 50% 
of  patients had metastatic hepatic disease within 2 to 15 years after 
diagnosis, as well as happened in the lung, spleen, and bone [1-3]. 
But most patients were not clearly whether the initial metastatic time 
because of the potential undetectable micrometastases [1]. Conducted 
with more deep research on UM Prognostication, it was considered with 
the multiply significant risk factors that involved with tumor diameter/
thickness/location, TNM stage, age, sex [4] and the new research of 
the karyotype aberrations and somatic gene mutations characteristics 
inherent in UM what made patients have different clinical outcomes. 
Along with the development of cytogenetic analysis, multiplex 
ligation dependent probe amplification (MLPA), fluorescence-in-
situ-hybridization (FISH), single nucleotide polymorphism (SNP) 
array analysis and other advanced analysis method [5,6] that believed 
karyotype aberrations and gene mutations were high significant 
and independent prognostic factor than the conventional clinical 
prognostic factors in UM patients. In this molecular genetic research 
that made outcomes would be more accuracy and offered sufficient 
references to evaluate the prognosis of UM patients.

Aberration of karyotypes and gene mutations were 
confirmed as significant prognostic factors in UM 
patients

In the last century, researchers had already attempted to study 
the molecular genetic aberrations of UM metastases and correlated 
it with disease progression [7]. Prescher G and his team had studied 
180 patients underwent primary enucleation for UM and 30 patients 
with monosmy 3 In 1996, based on univariate analysis they presented 
monosomy 3 was the most significant predictor of bad prognosis, 
followed by tumor diameter and location, suggested age and sex age 
had no additional predictive value [8]. A year later Lori A.  Worley 
obtained the same conclusion through the analyses of 67 primary UM, 
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considered patients’ age, tumor location/size, local tumor invasion 
through the sclera and epithelioid cell types were not accuracy factors 
for making individualized clinical decisions, so they presented that 
detected chromosomal alterations were more precise ways to predict 
the patients’ prognosis than the clinical and pathologic features [9].

Someone considered that the conclusion maybe existed the 
deviations because of the error of analysis or the technical restriction., 
so Zelia M. and his companies researched more evidences to confirmed 
with the similar outcome which involved 299 patients with posterior 
uveal melanoma in 2016. They verified the results once again the 
gene expression profile (GEP) class was the strongest and independent 
prognostic factor in UM patients that compared with clinical features [10]. 

UM patients’ prognosis with aberration of karyotypes
UM patients displayed polyploidy  

There was in no difference prognosis with gene mutations of BAP1, 
SF3B1, EIF1AX, GNAQ, and GNA11 between diploid and polyploidy 
UM patients. Most of patients with uveal melanoma displayed 
the karyotypes were near-normal (diploid) with few nonrandom 
chromosomal changes like monosomy 3 and a gain of chromosome 8q 
[7], but some researches showed the karyotype would display polyploidy 
with a prevalence of 13% to 18% based on DNA content [11,12]. 

What different prognosis between diploid and polyploidy 
combined with gene mutations in UM patients that questioned by 
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Yavuzyigitoglu Serdar and his team ,they focused on these questions 
and detected 202 UM patients within twenty-three patients had a 
polyploid UM karyotype (11.4%). Results showed there was in no 
difference prognosis with these main gene mutations between diploid 
and polyploidy UM patients. In addition, compared with diploid UM 
suggested BAP1 deficiency was still the most significant prognostic 
predictor of metastasis in patients with polyploidy UM karyotype 
(a 16-fold increased hazard ratio), polyploidy tumor had larger 
tumors (15.61 vs. 13.13 mm) and it was often associated with loss of 
chromosome 3 [7]. 

UM patients displayed in loss of chromosomes 3 (monosomy 
3) or gain of chromosome 8q were both highly correlative 
with bad prognosis 

The karyotypes of UM patients were mainly displayed monosomy 3 
and gain of chromosome 8q [7] which both showed bad prognosis [13-
19]. Researchers had further investigated uveal melanomas prognostic 
situations with nonrandom alterations affecting chromosomes 1, 3, 6, 
and 8 and clinical features. In 2005 Emine Kilic Nicole C. Naus and 
his coworkers assess the disease-free survival（DFS（in the 120 tumors 
from UM patients of numerical changes in chromosomes 1, 3, 6 and 8, 
in the univariate analysis that showed epithelioid cells ,the diameter of 
largest tumor ,loss of chromosome 3 and the gain of chromosome 8q 
were associated with the prognosis that shorter DFS (from diagnosis 
to presence of metastases or end of study was 45 months range from 
6 to 142 months), and each of them was independent prognostic 
predictor for the DFS and decreased DFS in UM patients [13]. Van 
den Bosch T was put forward similar conclusion that compared with 
Emine Kilic Nicole C. Naus, He studied 220 choroidal and ciliary body 
melanomas, regarded monosomy 3 (Hazard ratio [HR] 2.83, P = 0.002)  
and gain of chromosome 8q (HR 3.13, P = 0.002) as the most highly 
independent and important prognostic factors [14]. Meanwhile Ewens, 
K. G had also took more steps to confirmed these opinions and got 
same outcome [19]. 

UM patients displayed in loss of chromosomes 3 (monosomy 3)

Monosomy 3 UM patents were highly related with the prognosis. 
As early as 1990 HOesman DE had already suggested this theory [15]. 
After that in 1996 Prescher G and his coworkers identified 54 UM, 
concluded loss of chromosome 3 in UM patients was with high risk 
of metastasis and approximately half of them with poor survival (the 
3-year relapse-free survival rate was 50%) that compared to the disomy 
UM, also suggested monosomy 3 UM patients with lower mortality 
(lower the mortality rate of 50% after at 10 to 15 years) [8]. Meanwhile 
from 1998 to 2009 Damatlo B and his coworkers summarize their 
cases and evidences showed monosomy 3 was displayed in 50-60% of 
primary tumors,  despite successful treatment of the primary tumor 
and lack of frontier knowledge that limited their ability to interpret 
the accuracy survival data, at least it was confirmed that monosomy 3 
was correlated with bad prognosis (strongly with metastatic death, data 
indicating a reduction in the 5-year survival from 100% to less than 
50%) [2,16].

UM patients displayed the gain of Chromosome 8q

Chromosome 8q was strongly linked with UM prognosis. Compared 
with monosomy 3 UM patients’ research, none had intensively focused 
on chromosome 8. But the aberration of chromosome 8 had been 
verified that it was associated with poor prognosis in UM patients 
[17-19]. In 1997, Sisley K and his team studied 42 UM patients that 
concluded gain of chromosome 8 was associated significantly with the 

decreased survival as well as the result will be worsen that combined 
with chromosome 3 [17] from 1994 to 2014 David W. Hammond 
studied 75 primary UM  cases. The ratio of the main chromosomes 
alterations in patients were chromosome 1p-/q+ (40%), monosomy 
3 (51%), chromosome 6p+ (40%), chromosome 8q+(75%) and 
chromosome 8p− (28%), after series of accuracy analysis they supposed 
the strongly  prognostic  indicator was gain of chromosome 8q together 
with monosomy 3  [hazard ratio of 10.1 (P < 0.0001.)], multiple 8q+ 
was associated with shorter survival, but neither 8p deletion nor focal 
changes affecting chromosome 8 were related with prognosis [18] in 
2013. Ewens, K. G’s team presented an idea were incompletely same 
with David W. Hammond’s opinion, with 320 UM cases to assess the 
independent contribution of aberration of chromosome 1, 3, 6 and 8 for 
prognostication of metastasis. They also believed loss of chromosome 
8p was still an independent prognostic factor [19]. Combined with all 
the research data that indicated chromosome 8q was strongly linked 
with UM prognosis.

By the way Justis P. Ehlers and his coworkers reported the gain 
of chromosome 8q was significant correlated with the expression gene 
located at 8q24 named Development and differentiation enhancing 
factor 1(DDEF1). Suggested the high-grade uveal melanomas with 
chromosome 8q may amplify by the DDEF1 overexpression and 
was strongly relevant with the UM metastasis (thereby  blocking cell 
spreading and promoting cell motility  to increased invasion and 
metastatic potential of high-grade uveal melanoma) [20]. 

UM patients’ prognosis with genetic aberrations 

UM patients with BAP1

BAP1 mutation in UM patients was associated with rapid and 
early metastasis and sharply decreased the patient DFS. From 1990 
to 2013, Ewens KG with his team studied the prognostic relevance 
in these UM somatic mutations of BAP1,  SF3B1,  EIF1AX,  GNAQ, 
and GNA11,116 patients had been detected. Combined with the recent 
years’ assumption, they believed  BAP1 mutation (OR 6.3, 95% CI 2.7–
14.4) was positively associated with the presence of metasitasis [21].

J. William Harbour had also tried to search for the metastatic-
related mutations in highly metastatic UM during that time, He 
identified a susceptibility allele 26 of 31 (84%) metastasizing tumors 
with BAP1 mutation on chromosome 3p21.1. Combined with other 
data that strongly implicated BAP1 mutations occured later in 
UM progression and as a key event in the acquisition of metastatic 
competence in UM patients [22]. The Similar outcome presented by 
Ewens KG and his team in 2014 [21]. A deeper understanding of BAP1 
mutation mentioned by Serdar Yavuzigitolu in 2016, Patients without 
BAP1 mutation would be diagnosed at the oldest age (mean, 66.9 years) 
[23] and BAP1 deficiency was still the most significant prognostic 
predictor of metastasis in patients with polyploidy UM karyotype [7].

UM patients with EF1AX mutation

EIF1AX mutation was almost treated as a rare protective factor 
to prevent metastatic in UM patients. This theory had supported by 
Ewens KG [21]. More relative evidences presented in Martin M’s study, 
he divided two distinct classes based on gene expression profiles and 
chromosome 3, EIF1AX mutations in 16 of 66 UM (24%), 15 of 31 
UM with disomy 3 (48%) which rarely metastasize and 1 of 35 UM 
with monosomy 3 (3%) which were associated with bad prognosis [24]. 
We could also obtain the prognostic value of the EIFAX mutation in 
UM patients from professor Serdar Yavuzigitolu’s research in 2016. 

http://iovs.arvojournals.org/solr/searchresults.aspx?author=David+W.+Hammond
http://iovs.arvojournals.org/solr/searchresults.aspx?author=David+W.+Hammond
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With 151 patients filtrated, 28 of 133 tumors DNA samples (21.1%) 
and EIF1AX mutations were associated significantly with disomy 3 and 
disomy 8q, patients harbored EIFIAX mutation would had extend the 
disease-free survival (DFS, 190.5 months [mutant] vs. 100.2 months 
[wild-type]), EIF1AX mutation UM were less metastasis and have a 
longer DFS than the patients with BAP1 and SF3B1 mutation [23]. 
With the amount of verified evidences that we could inferred it that 
EIF1AX had  protective value in UM patients. 

UM patients with GNAQ and GNA11 mutation

The influences of GNAQ and GNA11 in the UM patients were 
inconformity, we could have divided into three groups depended on 
the diferent viewpoints.

In 2008 Onken MD had analyzed the DNA samples from 67 
primary UMs and 22 peripheral blood samples to determined that 
24 potential oncogenes that may affect the RAF/MEK/ERK pathway, 
and GNAQ mutation occurred initial/early in about half of UM 
patients [25]. A year after 2008 Catherine D. Van Raamsdonk and 
his team confirmed again the GNAQ mutation mechanism, the gene 
mutation revealed a constitutive activation in UM cells like activated 
the MAP-kinase pathway, this data showed GNAQ as a novel oncogene 
can induced neoplastic melanocytes in UM [26]. But Lack of steady 
information was available to prove GNAQ and GNA11 mutation was 
correlated with the prognosis. So, Catherine D. Van Raamsdonk with 
another team took more samples to investigate the relevance of GNAQ 
and GNA11 mutation in the prognosis of UM patients in 2010. They 
suggested these were both had upregulated the MAP kinase pathway 
and the predominant way in the deterioration of UM was Gαq–Gα11 
pathway. Combined with the research evidences that showed 83% 
GNAQ or GNA11 mutation in UM patients, they believed the two gene 
mutations were both relevant with the development of UM, in addition 
they also thought GNA11 mutation had more effects on the UM cells 
[27].

Different opinions had been put forward by Abdel-Rahman MH 

and his coworkers in 2012, they represented some different results 
compared with Catherine D. Van Raamsdonk. 11 patients involved, 
the data presented UM patients with mutation in GNAQ and 
GNA11 would associated with better prognosis in disomy or partial 
chromosome 3 alterations UM patients that can attain average survival 
of 69 months (range 40-123 months) [28].

Compared with the above conclusions about the prognostic 
outcome affected by GNAQ and GNA11 mutations, in 2013 A E 
Koopmans and his team published a research, 92 UM patients was 
involved in this study that were focused on analysis of GNAQ and 
GNA11 mutations in chromosome 1,3,6 and 8. A E Koopmans and his 
team had thought GNAQ and GNA11 mutation did not correlated with 
patients’ prognosis and GNA11 mutation were not more harmful than 
GNAQ mutation in UM patients [29]. These theories were dramatically 
different with Catherine D. Van Raamsdonk’s results.

UM patients with SF3B1 mutation

SF3B1 mutation was associated with better prognosis that had 
intermediate risk and related with late metastasis and lower DFS 
compared to the UM patients with  BAP1 or EIF1AX mutation .

In 2013 Simon J. Furney and his team published a research, 
12 frozen primary UM had been involved in this study. They 
believed SF3BI mutation was associated with improved outcome, 
(identified SF3B1 mutations in approximately 15% of cases and they 

were associated with better prognosis) and were rarely coincident with 
BAP1 mutation [30], the same conclusion with J. William Harbourwhich 
[31]. Martin M detected SF3B1 mutations in 10 of 66 UM (15%), 9 of 
31 UM with disomy 3 (29%) which rarely metastasize and 1 of 35 UM 
with monosomy 3 (3%) which were associated with bad prognosis, the 
data presented SF3B1 mutation was associated with better prognosis 
in patients displayed disomy 3 [24]. With more evidences and analyses 
of the prevalence and prognostic value of SF3B1 in UM patients that 
had been interpreted by Serdar Yavuzigitolu in 2016, this theory was 
enhanced by Simon J. Furney and J. William Harbourwhich. 151 
tumors were involved in this study, they had almost detected SF3B1 
mutations in 10% to 21% of cases of UM that mentioned UM patients 
with gene mutation of SF3B1 had increased risk compared with those 
patients without the mutation of SF3B1 (DFS, 132.8 vs. 174.4 months; 
P  = 0.008), they also believed that with such a mutation in patients 
would be more prone to demonstrate late metastases (median, 8.2 
years; range, 23-145 months) [23]. Furthermore, Martin M presented 
SF3B1 mutation were more frequently from male patients compared to 
UM patients without mutation [32]. Consolidate the information that 
SF3B1 mutation was supposed to have intermediate risk and related 
with late metastasis and lower DFS compared to the UM patients with 
BAP1 or EIF1AX mutation [23].

Conclusion 
Karyotype aberrations and gene mutations characteristics were 

more significant and independent factors that correlated it with 
disease progression compared with conventional clinical prognostic 
factors (tumor diameter, location and thickness). Monosomy 3 and 
the gain of chromosome 8q were both associated with the prognosis 
that shorter disease free survival (DFS), furthermore a gain of 
chromosome 8q significantly will be worsen that combined with 
chromosome 3. There was no big different prognosis in UM patients 
displayed diploid and polyploidy that were combined with same 
BAP1 SF3B1,  EIF1AX,  GNAQ and  GNA11 mutations. In additional 
polyploidy was often associated with loss of chromosome 3. 

BAP1 mutation UM was associated with rapid and early metastasis 
and sharply decreased the patient DFS, EIF1AX mutation was almost 
treat as a rare protective factor to prevent metastatic and have extend a 
longer DFS, SF3B1 mutation that had intermediate risk and was related 
with late metastasis and lower DFS. The GNAQ and GNA11’s role in 
the UM patients were not clearly, they divided into three groups based 
on the different opinions. A group of researchers suggested GNAQ 
and GNA11 were both as novel oncogene that can induced neoplastic 
melanocytes in UM and GNA11 mutation had more effects on the UM 
cells. the second group of professors presented an opposite result that 
suggested UM patients with mutation in GNAQ and GNA11 would be 
associated with a better prognosis. The third group of experts presented 
GNAQ and GNA11 mutation were not correlated with patients’ 
prognosis and GNA11 mutation were not more harmful than GNAQ 
mutation in UM patients.

I supposed the controversy among in this research was caused by the 
Lack of steady information, error of analysis or unavoidable technical 
restrictions. So, we need to accumulated sufficient data, seek more 
advanced technology and statistical methods to prove and confirm the 
outcomes of the prognostic factors’ effects in the UM patients.
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