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Abstract

:

Uveal melanoma is the most common primary intraocular malignancy in adults. The development of distant metastases is associated with a poor prognosis. Ephrine receptors (Eph) are the largest subpopulation of tyrosine kinase receptors. They play an important role in processes related to the formation and progression of cancer. The aim of the study was to evaluate the expression of ephrin receptors EphA1, EphA5, and EphA7 in uveal melanoma and its associations with clinicopathological parameters, overall survival, and disease-free survival. The study included 94 previously untreated patients who underwent enucleation due to uveal melanoma. High expression of EphA1 was positively correlated with a smaller tumor size, less frequent extra-scleral extension, lower mitotic activity, and more frequent vitreous hemorrhage. High expression of EphA5 was associated with less frequent chromosome 3 loss, absence of distant metastases, and more frequent vitreous hemorrhage. High expression of EphA7 was associated with a more frequent primary tumor location in the posterior pole. High EphA5 expression was associated with longer overall survival time. The above findings indicate that high expression of EphA1 and EphA5 can be considered a beneficial prognostic factor in uveal melanoma.
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1. Introduction


Uveal melanoma is the most common primary intraocular malignancy in adults, with a mean age-adjusted incidence of 5.1 cases per million per year [1]. 5-year survival rates depend on the stage of disease [2,3]. Uveal melanoma has a high tendency to metastasize, which is associated with dramatically poor prognosis. Approximately 50% of patients develop metastasis, irrespective of the type of treatment used in primary disease [4]. Only 8% of patients with metastatic melanoma survive 2 years [2]. Moreover, a meta-analysis of 29 studies conducted in 1988–2015 showed that the average progression-free survival and overall survival did not change over the years, regardless of the treatment method used [5]. This demonstrates the need to search for new prognostic factors and new potential treatment options.



Transmembrane ephrin receptors (Eph) constitute the largest sub-family of receptor tyrosine kinases (RTK) [6,7]. They are divided into two sub-groups, based on their ligand-binding affinity and structure of the extracellular domain. Currently, nine EphA (EphA1-A8, EphA10) and five EphB (EphB1-B4, EphB6) receptors have been identified. The ligands for Eph receptors are ephrins—membrane-anchored proteins, also divided into two subclasses—Ephrin-A (A1-A6) and Ephrin-B (B1-B3) [8,9].



The unique feature of Eph receptors is the ability to bidirectional signaling [8]. It means the possibility of activating signal pathways both in cells expressing the receptor and in cells containing ligand. The effects of these reactions can be opposite [10]. Signaling leads to modification of the actin cytoskeleton and organization of microtubules through intracellular control proteins and the expression of surface adhesion molecules, thereby regulating tissue boundary formation, cell adhesion, migration, repulsion, and invasion ability [11]. Eph receptors and ephrins also play an important role in angiogenesis—a key process for tumorigenesis [8,12]. Moreover, Eph receptors mediate cell-to-cell interactions not only in tumor cells, but also in tumor microenvironment—stroma and vasculature, which make them an attractive target for new drug development [13].



Accumulative clinical evidence has demonstrated that Eph receptors expression is associated with clinicopathological parameters important for patient management and prognosis in a variety of tumors [13,14,15,16,17,18]. Among others, there are reports about the role of Eph receptors in skin melanomas [19,20]. However, there is no comprehensive available data concerning the clinical significance of Eph receptors expression in uveal melanoma, whose biology is significantly different from skin melanomas. The present study aimed to assess EphA1, EphA5, and EphA7 expression in uveal melanoma, combined with clinicopathological parameters, overall survival, and disease-free survival.




2. Results


94 patients with choroidal melanoma were included in the study. High EphA1, EphA5, and EphA7 expression was noted in 26 (29.5%), 13 (14.3%), and 14 (15.6%) cases, respectively. A summary of the expression results is shown in Table 1. All Eph receptors present mainly cytoplasmic and occasionally membranous pattern of staining.



The total high expression of EphA1 (Table 2) was statistically associated with smaller tumor size (p = 0.048), less frequently occurring extra-scleral infiltration (p = 0.030), lower mitotic activity (p = 0.042), and more frequent presence of hemorrhage in the vitreous chamber (p = 0.014). Chromosome 3 loss was statistically associated with less frequent when reaction intensity was high (p = 0.001), but high total EphA1 expression showed only a trend of correlation with rarer chromosome 3 loss (p = 0.064). Moreover, high reaction intensity showed significant associations with absence of distant metastases (p = 0.045).



Total high EphA5 expression (Table 3) was associated with less frequent loss of chromosome 3 (p < 0.001), absence of distant metastases (p = 0.010), and more frequent occurrence of vitreous hemorrhage (p = 0.013). A trend of correlation between total EphA5 expression and lower mitotic activity was observed (p = 0.075), but high reaction intensity was statistically significant associated with lower mitotic activity (p = 0.023).



In the case of EphA7, the fewest associations between expression and clinical–pathological parameters were observed. Analyzing the intensity of the reaction, it was only found that distant metastases were less frequent in high intensity cases (p = 0.031). However, more frequent localization in the posterior pole was associated with total high EphA7 expression (p = 0.043) (Table 4).



Kaplan–Meier survival curves indicated that uveal melanoma patients with high EphA5 expression presented significantly longer overall survival periods compared to those presenting low EphA5 expression (Figure 1, p = 0.031). Also, high EphA5 expression showed a trend of correlation with higher probability of longer disease-free survival (Figure 2, p = 0.083). Both high reaction intensity and high percentage of positive cells tended to increase the likelihood of survival (p = 0.077 and p = 0.087, respectively). The high intensity of the reaction against EphA5 also increased the likelihood of longer disease-free survival (p = 0.038). EphA1 and EphA7 expression showed no correlations with overall survival and disease-free survival.




3. Discussion


Uveal melanoma, as the most common primary intraocular tumors in adults, is a significant problem in ophthalmic oncology. At diagnosis, less than 4% of patients have distant metastases, but eventually they occur in about half of the patients, often many years after primary treatment. This inevitably leads to death because there is no effective treatment for generalized disease. The search for new reliable prognostic factors is important because it allows the discovery of higher-risk patients.



Eph receptors, due to the wide prevalence in tissues, are a very interesting research object. In recent years, many reports have been published in which the expression of Eph receptors in various tumors has been assessed and its associations with clinical and histopathological parameters have been analyzed. It is worth emphasizing that the research results are divergent for each of the receptors analyzed. Depending on the cancer, both increased and decreased expression may be associated with a worse prognosis. This is because the effect of Eph/ephrin signaling on cellular processes is complex and highly dependent on the cellular context and stage of the disease [11]. Additional aspects are ligand-independent reactions, a change in signal strength depending on the receptors oligomerization, as well as the interaction of Eph with other RTK receptors.



In esophageal squamous cell carcinoma, elevated expression of EphA1 is associated with presence of lymph node metastasis and more advanced disease [17]. In clear-cell renal cell carcinoma, high expression of EphA1 is significantly associated with young age, sex, and higher histopathological grade [21]. In gastric cancer, high expression of EphA1 is associated with lower tumor histological differentiation, the presence of lymph node and distant metastasis. With increased expression, patients have shorter overall survival times as well as shorter disease-free survival times [22]. In gastric cancers, high expression of EphA1 is an independent prognostic factor [23].



On the other hand, in colorectal cancers, low EphA1 expression is associated with shorter survival times, lower histological differentiation, and the presence of lymph node metastasis [24]. In squamous cell carcinoma of the tongue, high expression of EphA1 is associated with poorer tumor vasculature and less frequent lymph node metastasis [13]. Analysis of the results of this study showed that in uveal melanomas, high expression of EphA1 is associated with lower mitotic activity, smaller tumor size, less frequent extra-scleral infiltration, and less frequent loss of chromosome 3. These parameters are well known risk factors for metastasis development.



In hepatocellular carcinoma, elevated EphA5 expression is associated with a higher grade of histological malignancy according to Edmondson and infiltration of blood vessels and bile ducts, suggesting that the receptor may affect cancer invasion and promote distant metastasis [25]. In pancreatic adenocarcinomas, patients with moderate or high EphA5 and EphA7 expression had shorter survival times compared to the low-expression group [14].



On the other hand, low EphA5 expression is associated with worse prognosis in ovarian serous carcinoma [26]. In clear-cell renal cell carcinoma, a decrease in EphA5 expression is observed compared to healthy renal tubular epithelial cells. Low expression is associated with a higher degree of histological malignancy according to Fuhrman [27]. Similar associations were observed by Giaginis et al., showing that patients with renal cancer achieve longer survival times if EphA5 expression remains high [15]. Low EphA5 expression is associated with a higher grade on the TNM Classification of Malignant Tumors and Gleason scale—two basic prognostic factors in prostate cancer [28].



In uveal melanoma, as with EphA1, high EphA5 expression is also a favorable prognostic factor. High expression has been shown to be associated with less frequent chromosome 3 loss, lower mitotic activity, and less frequent distant metastases. A tendency to lower histopathological grade was also observed in tumors with high EphA5 expression.



Decreased EphA7 expression occurs in colorectal cancers, but it has not been associated with any clinical parameters [29]. In gastric carcinoma, increased expression occurs in young patients and those with advanced tumors, but it has also not been shown to be associated with any other clinical parameters [30]. In esophageal squamous cell carcinoma, low expression of EphA7 results in more frequent lymph node metastases, poorer tumor differentiation, and a higher grade in TNM classification. Patients with low EphA7 expression have shorter survival times compared to the high expression group [16].



Li et al. and Theocharis et al., conducting research on squamous cell carcinoma of the tongue, showed that higher EphA7 expression is associated with longer survival times. If EphA7 expression is reduced, invasiveness and the tendency to distant metastasis increase [13,18]. Based on their research, Giaginis et al. showed that EphA7 expression is an independent prognostic factor. They also found associations between EphA7 expression and patient age, the presence of fibrosis, and tumor size [15]. In turn, studies on glioblastoma have shown that patients with tumors expressing EphA7 have shorter survival times compared to the non-expressed group, and the degree of expression inversely correlates with survival [31].



This study also noticed associations between high intensity reaction against EphA7 and a lower risk of distant metastasis. However, this is the only parameter associated with the prognosis with which a statistically significant connection has been demonstrated, so it is difficult to draw any certain conclusions.



Of the receptors tested, only in the case of EphA5 was a statistically significant association demonstrated with the survival time and disease-free survival time. Higher expression means a longer predicted survival time, as well as a tendency for longer disease-free survival. These observations confirm the role of high EphA5 expression as a favorable prognostic factor.



The action of most drugs associated with Eph signaling pathways leads to inhibition of receptor activity. However, the results of this study indicate that in the case of uveal melanoma, stimulation seems more reasonable. The first tests carried out in laboratory conditions have shown that this is possible. Recombinant Eph extracellular fragments can act as both agonists and antagonists [32]. For example, the N-terminal extracellular fragment of EphA7, acting as an agonist, induced apoptosis in leukemia cells in xenotransplanted mice [33]. It has also been shown that EphA2 antibodies can activate the signaling pathways associated with this receptor [32]. Selected peptides also can activate Eph receptors [34].



The high expression of selected Ephs can be used as a gripping point for targeted therapy. Antibodies and peptides capable of binding to Eph can be used to transport drugs, toxins, or radioisotopes to cancer cells. This technology allows not only for treatment, but also for the imaging of selected cancers [34,35].



However, one limitation of our study should be noted—the relatively low number of cases with positive Eph expression (especially EphA5 and EphA7)—which may make it difficult to draw strong conclusions from the statistical analysis.




4. Materials and Methods


4.1. Patients


Medical records and archive histopathological specimens of 94 patients with uveal melanoma diagnosed in 2007–2008 at the Curie Institute, Paris, France were used in the study. All patients underwent enucleation as primary treatment. Patients with prior radiotherapy or chemotherapy were not included in the study. Clinical data was obtained from the medical documentation. The follow-up periods up to 115 months have been documented. The study was approved by the Bioethics Committee of the Wroclaw Medical University, Wroclaw, Poland.



In this study, clinical parameters that are well known prognostic factors in uveal melanoma were taken into account (age, tumor size, ciliary body involvement, intra- or extra-scleral extension, grading, mitotic activity, chromosome 3 loss, and presence of metastasis) as well as three additional parameters that most strongly affect the visual acuity—tumor location in the posterior pole, retinal detachment, and vitreous hemorrhage. Mitotic activity was assessed on X400 in 40 fields using hematoxylin and eosin staining and it was determined in 89 cases. In the remaining 5 cases, there was too much melanin in the tumor cells, preventing reliable evaluation. The histological grading was based on conventional criteria: G1—spindle cell melanoma (>90% spindle cells), G2—mixed cell melanoma (>10% epithelioid cells and <90% spindle cells), and G3—epithelioid cell melanoma (>90% epithelioid cells). Chromosome 3 loss analysis was available for 65 patients and it was assessed by CGH (comparative genomic hybridization), FISH (fluorescence in situ hybridization), or karyotype studies. Other data were obtained based on medical documentation analysis.




4.2. Immunohistochemistry


Immunohistochemical staining to assess the expression of EphA1, EphA5, and EphA7 were performed using a red chromogen visualization kit enabling visualization in tissues containing a large amount of melanin (Figure 3). Commercially available rabbit polyclonal antibodies against EphA1 (ab5376, Abcam, Cambridge, United Kingdom), against EphA5 (ab5397, Abcam, Cambridge, UK), and against EphA7 (ab176102, Abcam, Cambridge, UK) were used for the study. As a positive control, hepatocellular carcinoma and breast cancer tissues were used, as recommended by the manufacturer.



Expression of EphA1, EphA5, and EphA7 was assessed by two independent pathologists (P.G. and S.T.) based on observation of at least 1000 cells in each case. To assess expression, the scale described in previous publications on the impact of Eph receptor expression on prognosis in other malignant neoplasms was used [13,14,15]. The immunoreactivity of the tumor cells was score according to the percentage of positive tumor cells as 0: 0–4% positive cells, negative staining; 1: 5–24% positive cells; 2: 25–49% positive cells; 3: 50–100% positive cells and reaction intensity scale 0: no reaction; 1: low reaction intensity (Figure 4); 2: moderate intensity (Figure 5); 3: high intensity (Figure 6). For the purposes of statistical analysis, 0–1 scores of positive tumor cells percentage were considered to be low, 2–3 as high, and similarly for reaction intensity: 0–1 scores were considered to be low reaction intensity and 2–3 as high reaction intensity. The total expression of EphA1, EphA5, and EphA7 was calculated based on the sum of the above two parameters (percentage of positive cells and intensity of the reaction) according to the “quickscore” method described for the assessment of estrogen receptor expression in breast cancer [36]. Cut off was set at ≥3 (low or no expression for a total of 0–2 and high expression for a total of 3 and more).



In the study group, the expression profile of EphA1, EphA5, and EphA7 receptors was examined in 88, 91, and 90 cases, respectively. 6, 3, and 4 cases, respectively, were removed from each group due to insufficient number of cancer cells in the examined tumor cross-section.




4.3. Statistical analysis


All statistical analyzes were carried out in the Statistica 13 program (StatSoft Polska, Krakow, Poland). Chi-square and U Mann–Whitney tests were used to assess the associations of EphA1, EphA5, and EphA7 protein expression and clinicopathological factors. Overall survival curves and disease-free survival curves were constructed using the Kaplan–Meier estimator. The differences between the curves were compared based on the log-rank test. The statistical significance limit was p < 0.05.





5. Conclusions


In the currently published English-language literature, there are no articles about the impact of Eph expression on the prognosis in uveal melanoma patients. Two non-English studies on the impact of EphA2 expression on prognosis have been published—one in German and one in Chinese [37,38]. The present study documented for the first time that some uveal melanomas express EphA1, EphA5, and EphA7 receptors. High expression of EphA1 and EphA5 can be considered a beneficial prognostic factor.



The above results indicate that it may be advisable to perform more frequent and more accurate tests for the presence of metastases (e.g., magnetic resonance imaging instead of liver ultrasound) in patients with low expression of EphA1 and EphA5 at the time of diagnosis. Moreover, the expression of EphA1, EphA5, and EphA7 in the examined tissues indicates them as a potential target for therapy.



The above results are an important starting point for further research on the role of Eph receptors in uveal melanomas. They can also be a new voice in the discussion about the pathogenesis and biology of this rare but potentially deadly disease. In addition, they can provide important information for further research into drugs effective in the treatment of uveal melanoma metastases, as well as drugs generally inhibiting the Eph/ephrin signaling pathway.
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Figure 1. Correlation between EphA5 expression and overall survival. 
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Figure 2. Correlation between EphA5 expression and disease-free survival. 
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Figure 3. Uveal melanoma containing a large amount of melanin pigment. Positive reaction against EphA1. 
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Figure 4. Example of low intensity cytoplasmic reaction against EphA5. 
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Figure 5. Example of moderate intensity cytoplasmic and membranous reaction against EphA1. 
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Figure 6. Example of a high intensity cytoplasmic reaction against EphA5. 
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Table 1. Distribution of EphA1, EphA5, and EphA7 expression in the examined tissues.






Table 1. Distribution of EphA1, EphA5, and EphA7 expression in the examined tissues.





	

	
EphA1

	
EphA5

	
EphA7






	
Reaction Intensity

	
Low

	
69 (7.4%)

	
79 (86.8%)

	
82 (91.1%)




	
High

	
19 (21.6%)

	
12 (13.2%)

	
8 (8.9%)




	
Percentage of Positive Cells

	
Low

	
68 (77.3%)

	
83 (91.2%)

	
78 (86.7%)




	
High

	
20 (22.7%)

	
8 (8.8%)

	
12 (13.3%)




	
Total Expression

	
Low

	
62 (70.5%)

	
78 (85.7%)

	
76 (84.4%)




	
High

	
26 (29.5%)

	
13 (14.3%)

	
14 (15.6%)
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Table 2. Associations of EphA1 expression with clinicopathological parameters in uveal melanoma patients.






Table 2. Associations of EphA1 expression with clinicopathological parameters in uveal melanoma patients.





	
Clinicopathological Parameters

	
EphA1 Low Expression

(0–2)

	
EphA1 High Expression

(3–6)

	
p-Value






	
Age

	

	

	
0.143




	
Mean 63, 63

	

	




	
Gender

	

	

	
0.210




	
Male

	
28

	
8




	
Female

	
34

	
18




	
Tumor Size

	

	

	
0.048




	
≤9.0 mm

	
4

	
2




	
9.1–12.0 mm

	
8

	
8




	
12.1–15.0 mm

	
24

	
10




	
>15.0 mm

	
26

	
6




	
Ciliary Body Involvement

	

	

	
0.762




	
No

	
36

	
16




	
Yes

	
26

	
10




	
Intrascleral Extension

	

	

	
0.083




	
No

	
11

	
1




	
Yes

	
51

	
25




	
Extra-Scleral Extension

	

	

	
0.030




	
No

	
52

	
26




	
Yes

	
10

	
0




	
Histopathological Grade

	

	

	
0.690




	
G1

	
17

	
8




	
G2

	
31

	
13




	
G3

	
14

	
5




	
Mitotic Index/40 hpf

	

	

	
0.042




	
0–5

	
40

	
21




	
6–10

	
13

	
3




	
>10

	
7

	
0




	
Chromosome 3 Loss

	

	

	
0.064




	
No

	
8

	
6




	
Yes

	
39

	
9




	
Metastases

	

	

	
0.322




	
No

	
31

	
16




	
Yes

	
31

	
10




	
Posterior Pole Involvement

	

	

	
0.612




	
No

	
47

	
21




	
Yes

	
15

	
5




	
Retinal Detachment

	

	

	
0.487




	
No

	
36

	
13




	
Yes

	
26

	
13




	
Vitreous Hemorrhage

	

	

	
0.014




	
No

	
56

	
18




	
Yes

	
6

	
8
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Table 3. Associations of EphA5 expression with clinicopathological parameters in uveal melanoma patients).
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Clinicopathological Parameters

	
EphA5 Low Expression

(0–2)

	
EphA5 High Expression

(3–6)

	
p-Value






	
Age

	

	

	
0.683




	
Mean 64, 34

	

	




	
Gender

	

	

	
0.163




	
Male

	
34

	
3




	
Female

	
44

	
10




	
Tumor Size

	

	

	
0.269




	
≤9.0 mm

	
5

	
2




	
9.1–12.0 mm

	
14

	
2




	
12.1–15.0 mm

	
28

	
6




	
>15.0 mm

	
31

	
3




	
Ciliary Body Involvement

	

	

	
0.341




	
No

	
43

	
9




	
Yes

	
35

	
4




	
Intrascleral Extension

	

	

	
0.463




	
No

	
12

	
1




	
Yes

	
66

	
12




	
Extra-Scleral Extension

	

	

	
0.171




	
No

	
68

	
13




	
Yes

	
10

	
0




	
Histopathological Grade

	

	

	
0.169




	
G1

	
19

	
7




	
G2

	
42

	
3




	
G3

	
17

	
3




	
Mitotic Index/40hpf

	

	

	
0.075




	
0–5

	
50

	
12




	
6–10

	
16

	
1




	
>10

	
7

	
0




	
Chromosome 3 Loss

	

	

	
<0.001




	
No

	
8

	
6




	
Yes

	
47

	
3




	
Metastases

	

	

	
0.010




	
No

	
36

	
11




	
Yes

	
42

	
2




	
Posterior Pole Involvement

	

	

	
0.121




	
No

	
63

	
8




	
Yes

	
15

	
5




	
Retinal Detachment

	

	

	
0.606




	
No

	
42

	
8




	
Yes

	
36

	
5




	
Vitreous Hemorrhage

	

	

	
0.013




	
No

	
69

	
8




	
Yes

	
9

	
5
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Table 4. Associations of EphA7 expression with clinicopathological parameters in uveal melanoma patients.






Table 4. Associations of EphA7 expression with clinicopathological parameters in uveal melanoma patients.





	
Clinicopathological Parameters

	
EphA7 Low Expression

(0–2)

	
EphA7 High Expression

(3–6)

	
p-Value






	
Age

	

	

	
0.479




	
Mean 64, 18

	

	




	
Gender

	

	

	
0.722




	
Male

	
31

	
5




	
Female

	
45

	
9




	
Tumor Size

	

	

	
0.425




	
≤9.0 mm

	
3

	
3




	
9.1–12.0 mm

	
16

	
1




	
12.1–15.0 mm

	
27

	
7




	
>15.0 mm

	
30

	
3




	
Ciliary Body Involvement

	

	

	
0.969




	
No

	
43

	
8




	
Yes

	
33

	
6




	
Intrascleral Extension

	

	

	
0.094




	
No

	
13

	
0




	
Yes

	
63

	
14




	
Extra-Scleral Extension

	

	

	
0.175




	
No

	
67

	
14




	
Yes

	
9

	
0




	
Histopathological Grade

	

	

	
0.366




	
G1

	
20

	
5




	
G2

	
38

	
7




	
G3

	
18

	
2




	
Mitotic Index/40 hpf

	

	

	
1.000




	
0–5

	
50

	
11




	
6–10

	
15

	
2




	
>10

	
6

	
1




	
Chromosome 3 Loss

	

	

	
0.744




	
No

	
11

	
2




	
Yes

	
44

	
6




	
Metastases

	

	

	
0.283




	
No

	
37

	
9




	
Yes

	
39

	
5




	
Posterior Pole Involvement

	

	

	
0.043




	
No

	
62

	
8




	
Yes

	
14

	
6




	
Retinal Detachment

	

	

	
0.649




	
No

	
43

	
7




	
Yes

	
33

	
7




	
Vitreous hemorrhage

	

	

	
0.509




	
No

	
65

	
11




	
Yes

	
11

	
3
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