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Abstract: Uveal melanoma (UM) is the most frequent primary ocular malignancy of adults; it
exhibits an almost invariably poor prognosis with onset of liver metastases within 10-15 years after
the diagnosis. Serine and arginine-rich splicing factor 1 (SRSF1) is an RNA-binding protein with
proto-oncogene functions, including stimulation of angiogenesis, cell migration and cell growth;
regarding the complex regulation of tumor angiogenesis, it has been suggested that SRSF1 regulates
the alternative splicing of vascular endothelial growth factor-«, promoting the formation of its
pro-angiogenic isoform. The immunohistochemical expression of SRSF1 on a series of 85 primary
UMs, including 39 metastasizing and 46 non-metastasizing cases, was investigated; to clarify the
potential pathogenetic role of SRSF1 in this tumor and its effect on angiogenesis, we correlated
our immunohistochemical findings with the clinico-pathological features, the prognostic data and
blood vascular microvessel density (MVD) findings of the cases from our series. Cases with higher
immunohistochemical expression of SRSF1 also had higher MVD, higher metastatic potential and
shorter metastasis-free survival; conversely, cases with lower SRSF1 immunoexpression showed
lower MVD, lower metastatic risk and longer metastasis-free survival times. Our results suggested
that SRSF1 has a negative prognostic role and a pro-angiogenic function in UM.

Keywords: uveal melanoma; SRSF1; prognostic factor; MVD; metastasis; melanoma

1. Introduction

Melanoma of the uveal tract is an uncommon malignancy, mainly affecting middle-
aged adult patients, primarily arising from the choroid and less frequently from the ciliary
bodies and iris [1-4]. Uveal melanoma (UM), despite representing the most common
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primary intraocular malignant tumor of the adult age, is exceptionally unusual in the
pediatric population in which it usually has congenital origin with poorer outcome and
more frequent extraocular extension at the diagnosis [5]. Risk factors that have historically
been reported to be involved in the development of this neoplasm include: Fitzpatrick
phototypes I-1I, type 1 neurofibromatosis (NF-1), oculo-dermal melanocytosis (Ota nevus),
dysplastic nevus syndrome, and choroidal nevi [5-7]. Although UM typically tends to
remain asymptomatic for years before the diagnosis, a sudden retinal detachment often
represents the presenting symptom of the tumor [1-5]. UM is a slow-growing tumor
with indolent biological behavior but consistently poor prognosis, characterized by the
development of liver metastases within 10-15 years after the diagnosis in about 50% of
cases [6-9]. In recent years, the search for genetic and epigenetic prognostic and/or
predictive factors of therapeutic response has been one of the most studied topics in cancer
research [10,11]; in this regard, loss-of-function mutations of BRCA1 associated protein-1
(BAP1), that have been observed in most metastasizing UM cases and correlated with the
immunohistochemical loss of BAP-1 protein, represent one of the most reliable prognostic
factors of this tumor [12-14]. Serine and arginine-rich splicing factor 1 (SRSF1) is part of
the SR protein family, being involved in canonic and alternative pre-mRNA splicing and in
the regulation of mRNA transcription [15,16]. Moreover, SRSF1 has also been reported as a
proto-oncogene positively involved in tumor angiogenesis by regulating the alternative
splicing of vascular endothelial growth factor-o« (VEGFA) [17-21]. In this regard, it has
been suggested that SRSF1 tends to promote the formation of the pro-angiogenic isoform
of VEGFA, instead of the anti-angiogenic one [17-21]. Consistent with its stimulatory role
on tumor angiogenesis, SRSF1 has been found overexpressed in several human neoplasms,
including prostate, brain, breast, colorectal, liver, pleural and lung tumors [20,22-27];
however, to the best of our knowledge, no data on the role of this protein in UM are present
in literature to date.

We herein investigated the immunohistochemical expression of SRSF1 on a series of
85 cases of primary UMs and correlated it with clinico-pathological features and prognostic
data of the cases from our cohort; moreover, in order to further confirm the pro-angiogenic
role of SRSF1, we performed a correlation between its immunohistochemical expression
and blood vascular microvessel density (MVD) in tumor tissue.

2. Materials and Methods

Histologic specimens of 85 primary UMs, surgically enucleated at the Ophthalmologic
Clinics of the University of Catania and of the University of Naples “Federico II” from
October 2009 to October 2019, were retrospectively collected. The corresponding clinico-
pathologic data were retrieved from the original pathologic reports. For all the patients from
our cohort, the enucleation was the only therapeutic option, as they were not eligible for
plaque brachytherapy or proton-beam radiotherapy. The present research complied with
the Helsinki Declaration, and all experiments were approved by the local Ethics Committee,
Comitato Etico Catania 1, University of Catania (ID: 003186-24). Of each case, representative
paraffin-blocks were retrieved from the Pathology archives of the Department G.F. Ingrassia,
University of Catania, and of the Department of Advanced Biomedical Sciences, University
of Naples “Federico II”. We adopted the previously reported [5] criteria of exclusion to
select the cases. Tissue samples were evaluated separately by three pathologists (G.B., L.P.
and R.C.), with no awareness of the clinico-prognostic data of the patients.

The study included 39 metastasizing UMs and 46 non-metastasizing UMs. We col-
lected the following clinical data: (i) tumor largest diameter and anatomic location, both
evaluated by ophthalmoscopy and A- and B-scan ultrasound exams; (ii) metastatic spread,
detected by liver ultrasound exams and whole body computed tomography (WBCT).

2.1. MVD Count and Immunohistochemical Analyses

MVD was counted by three pathologists (G.B., L.P. and R.C.), by identifying vascular
hotspots on immunohistochemical slides from each UM case stained with CD31, as previ-
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ously described [20,26]. MVD was assessed as high-MVD if higher than the median value,
and as low-MVD if lower than the median value.

Immunohistochemical analyses were performed as previously described [26-28];
briefly, standard and appropriate deparaffinization and pre-treatments were performed;
subsequently, the sections were incubated for 30 min at 37 °C with mouse monoclonal
anti-SRSF1 antibody (sc-33652; working dilution 1:50; Santa Cruz Biotechnology; Dallas,
TX, USA) and with mouse monoclonal anti-CD31 antibody (JC70A; working dilution 1:40;
DAKO, Glostrup, Denmark). The presence of brown chromogen within tumor nuclei was
interpreted as positive SRSF1 immunohistochemical staining; non-pathologic gallbladder
mucosa was used as positive control, while negative control slides were obtained by
incubating them with phosphate-buffered saline instead of the primary antibody. UM cases
stained with SRSF1 were semi-quantitatively analyzed, as previously described [26-28]:
the Intensity of Staining (IS) was evaluated on a 0-3 scale (mild, moderate and strong),
while the Extent Score (ES) (the percentage of positive cells) on a 0—4 scale (<5%; 5-30%;
31-50%; 51-75%; >75%). We obtained the Immunoreactivity Score (IRS) by multiplying IS
and ES, and considered the immunohistochemical expression of SRSF1 as low if IRS was
<6 (L-IRS), and as high if IRS >6 (H-IRS).

2.2. Statistical Analysis

For determination of high and low SRSF1 and MDYV expression values, the better
discriminant value was determined by the Youden index, assessed by ROC curve. The
rates of high and low levels of SRSF1 and MDYV expression in melanoma of patients with
and without metastasis were non parametrically compared by chi-square tests. Agreement
among observers was tested by Cohen’s K. Moreover, we performed univariate and multi-
variate analyses, based on a Cox proportional hazards regression model (metastasis-free
time as the outcome); this model included: (i) age, (ii) gender, (iii) tumor location (choroid
vs ciliary body), (iv) temporal or nasal anatomic site, (v) cell subtype (epithelioid vs spindle
cell vs mixed), (vi) echography parameters (height and largest diameter), (vii) immunoex-
pression (low and high) of SRSF1 and MVD. If a predictor had a p value < 0.15 (cut off) in
the univariate analysis, it was included in the multivariate one. Survival analysis according
to SRSF1 and MVD expression levels (high and low) was performed by Kaplan-Meyer
test; survival rates were compared by log-rank (Mantel-Cox) test. p values < 0.05 were
considered as statistically significant.

3. Results
3.1. Clinico-Pathologic Features of UMs

Tables 1 and 2 summarize the clinico-pathologic features of UMs from our series.

The study included 85 patients, of which 44 were males and 41 were females (median
age: 67 years; age range 29-85). An exclusive choroidal localization and a simultaneous
involvement of the choroid and ciliary bodies were found in 64 and 21 UMs, respectively.
Three cases showed extrascleral invasion. Histologically, 20 cases exhibited an epithelioid
morphology, 25 a spindle cell morphology, while 40 cases were diagnosed as mixed-type.
Thirty-nine patients showed liver metastases. Follow-up times ranged from 8 to 138 months
(median value: 58 months).
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Table 1.

without metastasis.

Tumour parameters, metastasis-free time, follow-up, SRSF1 and MDV in primary uveal melanoma

SRSF1 MVD
Sex Age Location Thickness DLizl;:g’lz:; Cell PT MEFS Follow-Up (n/mm?)
(Years) (mm) (mm) Type Stage (Months) (Months) Es Rs L L (<43)
H (=3) H (>43)
F 29 ch 14.2 16.2 mixed pT2a 169 169 0 0 0 L 18 L
F 83 ch/cb 14.84 16.8 mixed pT2b 123 (1) 123 (t) 1 1 1 L 24 L
F 55 ch 9.8 13.9 spindle pT2a 153 153 0 0 0 L 21 L
F 30 ch/cb 12.05 9.2 spindle pT2b 153 153 0 0 0 L 16 L
M 74 ch/cb 10.04 16.1 spindle pT2b 152 152 1 1 1 L 26 L
M 64 ch 7.7 11.5 spindle pTla 143 143 0 0 0 L 13 L
F 36 ch 5.81 12.7 spindle pTla 140 140 2 2 4 H 20 L
F 59 ch 8.4 16.7 mixed pT2a 139 139 0 0 0 L 19 L
M 36 ch 6.47 9.8 mixed pTla 139 139 1 2 2 L 32 L
M 84 ch/cb 11.9 14.8 mixed pT2b 106 (1) 106 (1) 1 1 1 L 25 L
F 67 ch 10.42 13.2 mixed pT3a 136 136 0 0 0 L 24 L
M 73 ch 9.7 11.3 mixed pT2a 102 (1) 102 (t) 0 0 0 L 17 L
F 45 ch 13.7 10.2 mixed pT2a 127 127 2 2 4 H 33 L
M 58 ch 13.1 14.3 mixed pT2a 127 127 0 0 o0 L 29 L
M 63 ch 3.3 11.7 spindle pT2a 116 116 0 0 o0 L 42 L
M 54 ch 6.32 10 spindle pT2a 114 114 0 0 0 L 29 L
M 83 ch 10.62 94 epit pT3a 72 (1) 72 (1) 0 0 0 L 44 H
F 71 ch 3.68 6.4 epit pTla 102 102 1 2 2 L 33 L
M 55 ch/cb 7.5 8.9 epit pT2b 92 92 0 0 0 L 16 L
M 52 ch 9.2 12.1 spindle pT2b 91 91 0 0 0 L 14 L
M 46 ch 8.76 11.3 spindle pT2a 85 85 1 1 1 L 24 L
F 76 ch 8.02 10.7 mixed pTla 79 79 2 2 4 H 18 L
F 63 ch 10.3 13.7 mixed pT2a 73 73 2 1 2 L 26 L
F 41 ch 5.85 10.3 mixed pTla 73 73 0 0 0 L 35 L
F 55 ch 3.2 7.6 mixed pT2a 55 55 0 0 0 L 28 L
M 68 ch/cb 10.1 10.1 epit pTlb 55 55 1 4 4 H 37 L
M 74 ch/cb 14.45 17.5 epit pT4b 49 49 0 0 0 L 45 H
M 70 ch/cb 16.27 20.8 spindle pT4b 43 43 1 1 1 L 31 L
M 66 ch 9.2 14.1 mixed pT3a 43 43 1 4 4 H 20 L
M 64 ch 9.3 15.2 mixed pT2a 29 29 0 0 0 L 15 L
M 71 ch 13.93 10.2 mixed pT2a 25 25 0 0 0 L 22 L
M 19 ch 9.77 14.8 mixed pT2a 20 20 1 1 1 L 25 L
M 73 ch 15.89 18 mixed pT2a 19 19 0 0 © L 39 L
F 80 ch 14.61 14.3 epit pT1b 15 15 2 2 4 H 18 L
F 81 ch/cb 8.9 10.7 mixed pT2a 15 15 1 1 1 L 51 H
F 78 ch 12 12 mixed pT3a 10 10 1 1 1 L 31 L
M 52 ch 12 12 spindle pT3a 22 22 0 0 0 L 18 L
M 59 ch 16 16 spindle pT4a 24 24 0 0 o0 L 40 L
M 48 ch 5 9 mixed pTla 24 24 0 0 0 L 23 L
F 75 ch 5 10 spindle pT2a 31 31 0 0 0 L 24 L
F 58 ch 8 21 spindle pT4a 32 32 0o 0 0 L 45 H
M 54 ch 8 13 spindle pT3a 36 36 0 0 o0 L 71 H
M 73 ch 12 14 spindle pT3b 36 36 1 1 1 L 59 H
F 48 ch 12 16 epit pT3b 37 37 1 1 1 L 28 L
F 70 ch/cb 15 20 mixed pT4b 70 70 0 0 0 L 40 L
F 74 ch 10 16 mixed pT3a 136 136 0 0 0 L 37 L

Abbreviations: MFS, metastasis-free survival; ch, choroid; cb, ciliary body; epit, epithelioid. (1) death
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Table 2. Tumour parameters, metastasis-free time, follow-up, SRSF1 and MDYV in primary uveal melanoma with metastasis.

SRSF1 MVD
Sex Age Location Thickness DLizl;ﬁz:; Cell PT MEFS Follow-Up (n/mm?)
(Years) (mm) (mm) Type Stage (Months) (Months) ES IRS L (<3) L (<43)
H (=3) H (>43)
F 58 ch 6.04 17.8 mixed pT2a 63 64 (1) 2 3 6 H 39 L
M 69 ch 721 15.8 mixed pT2a 54 81 (1) 1 4 4 H 69 H
F 75 ch/cb 15.5 15.3 mixed pT3b 44 62 (1) 3 3 9 H 40 L
F 50 ch 7.36 15.6 epit pT2a 41 111 0 0 0 L 56 H
M 62 ch 13.68 16 mixed pT3a 38 51 (1) 2 4 8 H 63 H
F 51 ch/cb 11.4 18.5 mixed pT3b 38 92 2 2 4 H 35 L
M 71 ch 13.14 17.1 epit pT3a 33 34 (1) 0 0 0 L 58 H
M 76 ch/cb 11.6 6.5 mixed pTla 31 70 2 3 6 H 54 H
M 72 ch 10.3 15.4 mixed pT3b 27 35 (1) 3 2 6 H 70 H
F 85 ch/cb 7.3 14.7 spindle ~ pT2d* 26 49 (1) 2 2 4 H 45 H
M 73 ch 5.73 11.7 epit pT2a 26 42 (1) 3 3 9 H 56 H
F 51 ch 9.42 19 mixed pT3a 25 71 2 3 6 H 12 L
F 84 ch 11.7 17.4 mixed pT3a 76 78 (1) 3 3 9 H 28 L
M 73 ch 9.24 17.7 epit pT2a 103 112 () 2 4 8 L 76 H
F 74 ch 57 121 spindle pT2a 24 37 (1) 2 2 4 H 45 H
F 67 ch 3.49 20 mixed pT4a 24 31 (t) 3 3 9 H 55 H
M 74 ch 11.35 10.5 epit pT3a 19 78 2 3 6 H 69 H
M 82 ch 9.7 11 epit pT2a 19 42 (1) 2 2 4 H 78 H
F 72 ch 6.7 15.2 epit pT2a 14 28 (1) 3 3 9 H 72 H
M 76 ch 13.7 17.1 mixed pT2a 14 101 2 4 8 H 64 H
M 79 ch 13.91 16.1 epit pT3b 13 79 2 2 4 H 45 H
F 66 ch/cb 8.95 12.5 mixed pT2b 12 37 (1) 3 3 9 H 58 H
F 74 ch 8.6 10.2 mixed pT4b 23 43 2 3 6 H 69 H
F 60 ch 8.25 16.5 epit pT2a 11 37 (1) 2 2 4 H 74 H
F 57 ch/cb 13.6 19 epit pT2b 6 86 2 3 6 H 46 H
M 72 ch/cb 13.3 15.4 mixed pT3b 0 82 3 3 9 L 58 H
M 78 ch 16.58 16.6 epit pT2b 2 3(1) 2 3 6 H 44 H
F 60 ch 3.2 13.5 spindle pT3a 44 44 2 2 4 H 11 L
F 66 ch 15 18 spindle pT2a 48 48 33 9 H 66 H
F 50 ch/cb 9 12 epit pT4b 49 49 2 4 8 H 24 L
F 70 ch/cb 23 23 spindle pT2b 58 58 2 4 8 H 15 L
F 81 ch 15 18 mixed pT4a 6 12 (1) 3 3 9 H 28 L
M 60 ch/cb 6 6 spindle  pT4d* 12 17 (1) 3 3 9 H 44 H
F 73 ch/cb 15 15 epit pT3d* 14 18 (1) 3 3 9 H 33 L
M 59 ch 12 11 mixed pT4a 12 18 (1) 3 3 9 H 34 L
M 68 ch 9 15 spindle pT3b 18 24 (1) 2 1 2 L 54 H
M 56 ch 11 9 spindle pT3a 24 36 (1) 2 4 8 H 25 L
M 82 ch 15 18 mixed pT4a 48 60 (1) 2 4 8 H 23 L
M 66 ch 3.2 13.5 spindle pT2a 80 111 (t) 2 2 4 H 58 H

Abbreviations: MFS, metastasis-free survival; ch, choroid; cb, ciliary body; epit, epithelioid. * extrascleral extension. () death.

The cohort of 46 non-metastasizing cases included 25 males and 21 females with
ages ranging from 19 to 84 months (median: 64 years). Among the 39 metastasizing
UMs, 19 were males and 20 were females, with ages ranging from 50 to 85 years (median:
71 years). As a result of disease progression, 25 out of 39 metastatic patients died during
the follow-up period. No significant differences were observed in median age, melanoma
anatomic location (choroid or choroid and ciliary body), melanoma thickness, histologic
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subtype, extrascleral extension and pathologic T stage between metastasizing and non-
metastasizing cases; patients with metastatic spread exhibited tumors with greater median
largest diameter (15.4 mm versus 12.4 mm, p = 0.009), higher median SRSF1 expression (6
versus 0, p < 0.001), higher median MVD levels (54 versus 26, p < 0.001) and shorter median
metastasis-free survival (25 months versus 73 months, p < 0.001) (Table 3).

Table 3. Median (range) of demographics, tumour parameters, metastasis-free time, follow-up, SRSF1 expression and MVD

in primary uveal melanoma without and with systemic metastasis.

Sex
m-f

Age
(Years)

Largest
Diameter

Pathological MFS Follow-Up MVD

Location  Thickness T stage (Months) (Months) SRSF1 (n/mm?)

Cell Type

All
(n =85)

44-41

67
(29-85)

pTla: 15

pTilb: 4

pT2a: 44

pT2b: 16
pT2d: 1 ee 41 58 2 34
pT3a: 20 (0-138) (8-138) (0-9) (11-78)
pT3b: 10

pT4a: 6

pT4b: 8

pT4d: 1

Epit: 20
Spindle: 25
Mixed: 40

ch64 10.0 143
ch/cb21  (32-163)  (6.4-20.8)

Metastasis
free
(n=46)

25-21

64
(19-84)

pTla: 7

pTlb: 2

pT2a: 17

pT2b: 6 73
pT3a: 7 (10-169)
pT3b: 2

pT4a: 2

pT4b: 3

73
(10-169)
4 deaths

Epit: 7
Spindle: 16
Mixed: 23

ch 36 9.9 129

ch/cb10  (3.2-16.2) (6.4-21) (0-8) (13-71)

Metastasis
(n=39)

19-20

71
(50-85)

pTla: 8
pTlb: 2
pT2a: 28
pT2b: 10 49
pT2d: 1ee 25 (1-112) 6 54
1;1:1_33:1;:15 (0-109) 25 deaths (0-9) (11-78)
pT4a: 4
pT4b: 5
pT4d: 1

Epit: 13
Spindle: 9
Mixed: 17

ch28 10.3 154
ch/cb11  (3.2-23) (6-23)

p

(metastasis
free vs.
metastasis)

0.666 °

0.099 *

0.615° 0.932 * 0.009 * 0.493 * 0.271* <0.001 * 0.031 * <0.001 * <0.001 *

Epit, epithelioid; * Kolmogorov-Smirnov test; ® Fisher’s exact test.

3.2. Immunohistochemical Expression of SRSF1 and MV D Count in UMs

Among the whole cohort of 85 UMs, the median SRSF1 value was 2. The better
discriminant SRSF1 value as assessed by the Youden index of the ROC curve was 3. SRSF1
expression was high (>3) in 41 and low (<3) in 44 UMs (Figure 1A,B).

Among 46 primary non-metastatic UMs, SRSF1 L-IRS was found in 39/46 cases
(84.8%), while SRSF1 H-IRS was observed in the remaining 7/46 cases (15.2%) (Fisher’s
exact test, p < 0.001, Table 4). In terms of primary metastatic UMs, 5 out of 39 (12.8%)
exhibited SRSF1 L-IRS, while 34 out of 39 (87.2%) exhibited SRSF1 H-IRS (Fisher’s exact
test, p < 0.001, Table 4). Among the whole cohort of 85 UMs, MVD levels ranged from 11
to 78 (median MVD: 34). The better discriminant SRSF1 value as assessed by the Youden
index of the ROC curve was 43. High and low MVD levels were observed in 32 and
53 UMs, respectively. A total of 40/46 (87%) non-metastatic cases exhibited low MVD,
while 6/46 (13%) exhibited high MVD (Fisher’s exact test, p < 0.001, Table 4). Moreover,
high and low MVD levels were found in 26/39 (66.7%) and 13/39 (33.3%) metastasizing
cases, respectively (Fisher’s exact test, p < 0.001, Table 4). Statistical analyses showed
that the following factors were related to the metastatic spread at univariate analysis on
a Cox proportional hazards regression model: (i) age (p = 0.011), (ii) diameter (p = 0.040),
(iii) epithelioid cell type (p = 0.017), (iv) pT stage (p = 0.023), (v) SRSF1 (p < 0.001), (vi)
MVD levels (p < 0.001). At multivariate analysis, epithelioid cell type (p = 0.014), pT stage
(p =0.001), SRSF1 (p < 0.001), and MVD (p < 0.001) were significant. We observed no
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significant correlations between histologic subtype, SRSF1 immunoexpression (Spearman’s
rho p = 0.115), and MVD (Spearman’s rho p = 0.087). A significant correlation was found
between SRSF1 IRS and MVD (Spearman’s rho r = 0.322, p = 0.007).
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Figure 1. (A) Strong and diffuse immunohistochemical expression of SRSF1 in a case of spindle
cell-type uveal melanoma (immunoperoxidase; original magnification 150 x); (B) Low immunoex-
pression of SRSF1 in a case of epithelioid cell-type uveal melanoma (immunoperoxidase; original
magnification 150 x).

Table 4. Number of uveal melanoma (with and without metastasis) with low and high SRSF1
expression and MVD (n/ mm?).

SRSF1 MVD (n/mm?)
Low (<3) High (>3) Low (<43) High (>43)
Metastasis free (n = 46) 39 (84.8%) 7 (15.2%) 40 (87.0%) 6 (13.0%)
Metastasis (n = 39) 5(12.8%) 34 (87.2%) 13 (33.3%) 26 (66.7%)
p (Fisher’s exact test) <0.001 <0.001

Figure 2 shows the results of the Kaplan—-Meier survival analyses in UM patients with
low and high SRSF1 immunoexpression. The mean metastasis-free survival times (SE, with
95% CI) estimated were 149.1 (8.3) (CI: 132.9 to 165.3) and 43.1 (6.3) (CI: 30.1 to 55.5); a
significant difference (p < 0.001) between the two groups was found by the log-rank test.
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Figure 2. Kaplan—Meier survival curves in patients affected by uveal melanoma with low and high
SRSF1 immunohistochemical expression.

Figure 3 shows the results of Kaplan—-Meier survival analyses in patients with uveal
melanomas with low and high MVD expression. The mean survival time free from metas-
tasis (SE, with 95% CI) estimated were respectively: 129.0 (9.3) (CI: 110.7 to 147.3) and
35.5 (5.6) (CI: 24.4 to 46.6). The log-rank test exhibited a significant difference (p < 0.001)
between the two groups.
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Figure 3. Kaplan-Meier survival curves in patients affected by uveal melanoma with low and
high MVD.
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The above-mentioned results highly suggest a negative prognostic role for SRSF1 in
UM patients. Higher expression levels of this protein are significantly associated with
other poor prognostic indicators, such as epithelioid cell type and higher MVD; the latter
might lead us to hypothesize a positive correlation between SRSF1 and increased tumor
angiogenesis. Furthermore, as shown in Kaplan-Meier curves, we found a significant
association between SRSF1, MVD and lower metastasis-free survival times in our cohort.

4. Discussion

The search for novel potential reliable prognostic factors is one of the most significant
objectives of cancer research in the field of UM, as it allows a stratification of patients into
two large groups: those with higher risk and those with lower risk of developing distant
metastases [10,29]. The absence of standardized guidelines on the exact times after which
control tests should be performed and the type of tests that should be done during follow-
up time makes this topic of extreme practical significance. The potential identification
of a high-risk group of patients could allow the performance of more frequent controls
in order to earlier diagnose cases with liver metastases that could be safely surgically
excised [30]. Accordingly, in the last decade our research group reported some novel
potential immunohistochemical factors with prognostic impact [5,31-35], which may be
included into the list of the classically reported markers of UM, such as tumor location,
tumor size, extraocular invasion, cell type, pathological T stage and immunohistochemical
staining with BAP1 [14]. Recently, Luo et al. identified a ten-gene signature (SIRT3, HMCES,
SLC44A3, TCTN1, STPG1, POMGNT2, RNF208, ANXA2P2, ULBP1 and CA12), able to
better stratify the outcome of UM patients [36]; in detail, ANXA2P2, ULBP1, CA12 had a
poor prognostic role, while the other genes a positive one. It has been also hypothesized
that conventional and alternative splicing events were correlated to the overall survival
of patients with cutaneous and uveal melanoma [37]. In this regard, Furney et al. found
recurrent mutations of the splicing factor SF3B1 in 3/12 cases from their cohort and
in 15/105 cases from an extension cohort [38]; these authors demonstrated that SF3B1
mutations were linked to differential alternative splicing of ABCC5 and UQCC genes and
correlated to better outcome and lower rate of BAP1 mutations in UM [38].

SRSF1 is an RNA-binding protein with proto-oncogenic function, being involved in
angiogenesis, cell migration and tumor proliferation of several types of human neoplasms,
including gliomas, malignant mesotheliomas, and breast, colorectal and prostate can-
cers [18,20-25]. SRSF1 immunoexpression was positively associated with worse outcome,
androgen-receptor status and Ki-67 proliferation rate in prostatic adenocarcinoma [27]; a
significant correlation between SRSF1, MVD and shorter overall survival times was also
found in fluoro-edenite-induced malignant mesothelioma [26]. In the present paper we
provided the first immunohistochemical evidence of the poor prognostic role of this protein
in UM; in more detail, we found a statistically significant correlation between higher SRSF1
immunohistochemical expression, higher MVD levels and poorer prognosis in terms of
metastatic spread and lower metastasis-free-survival in UM. Regarding the relationship
between SRSF1 and MVD, previous studies demonstrated that SRSF1 had a stimulatory
function on tumor angiogenesis, resulting in a switch in the pro-angiogenic/anti-angiogenic
ratio of VEGFA [17-21]; in this regard, Barbagallo et al. first reported the complex rela-
tionship between circSMARCADS, a specific subtype of circRNAs with a tumor-suppressor
role, and SRSF1, demonstrating that the downregulation of circSMARCADS along with the
concomitant upregulation of SRSF1 led to increased cell migration and angiogenesis in
human glioblastoma tissue and cell lines [17-19]. The MVD count, despite not representing
the best method to evaluate tumor angiogenesis, is a semi-quantitative “surrogate” of this
process [27]; accordingly, the positive correlation found in our cohort between SRSF1 and
MVD led us to hypothesize that SRSF1 has a pro-angiogenic role also in UM.
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5. Conclusions

Our results indicate a poor prognostic role of SRSF1 in UM, as higher immunohisto-
chemical expression of this protein was associated with a higher risk of metastases and
lower metastasis-free survival times; conversely, the cases from our cohort that exhibited
lower SRSF1 levels showed both lower metastatic risk and longer metastasis-free survival.
However, further multi-institutional studies on larger series are required to validate our
findings and to better clarify the complex interaction between SRSF1, risk of metastasis
and angiogenic potential of UM. Additional perspectives of our study also include the pos-
sibility to evaluate the immunohistochemical expression of SRSF1 as a diagnostic marker
in the differential diagnosis between cutaneous melanoma and UM metastases when the
primary neoplasm is unknown or in patients with two concomitant melanomas.
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