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Prognostic value of apoptosis inducing factor in uveal melanoma
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In malignant tumors including uveal melanoma there is a continuous effort in search for additional and relevant factors
with predictive value and possible therapeutic indications. In the present work we evaluated the 5-year mortality in a group
of patients with surgically treated uveal melanoma and its relation to selected demographic, clinical and histopathological
parameters, including the expression of apoptosis inducing factor (AIF) in the neoplastic tissue.

We analyzed retrospectively the clinical data of patients with uveal melanoma treated surgically (enucleation, endoresec-
tion, exenteration) in the period from 2001 to 2007 (n=54). Immunohistochemical detection of AIF expression in formalin
fixed and in paraffin embedded tissue samples was evaluated semiquantitatively, intensity and percentage multiplicative Quick
Score (QS) was calculated and compared between patients with over 5 year (n=32) and less than 5 year (n=22) survival.

In the analyzed group of 54 patients the 5 year mortality was 41 %. We confirmed the negative prognostic significance
of some of the known prognostic factors as the tumor size and volume, T3 and T4 stage in the TNM classification and the
mixed histological type of the tumor. Immunohistochemistry performed on 49 melanoma specimens showed AIF cytoplasmic
positivity, no nuclear translocation was detected. The cut-off value of AIF expression QS > 4 (18) in tumor cells separated
the 5 year survival of patients (P = 0.018), odds ratio 5.2 (1.24 - 21.73). Moderate and strong expression of AIF in tumor
cells also correlated with less favorable prognosis. Confocal microscopy proved colocalization of AIF with mitochondrial
marker in neoplastic cells.

The prognosis of patients with uveal melanoma can be more accurate with inclusion of immunohistochemical detection
of AIF expression. Increased expression of the AIF protein appears as a new negative prognostic factor predicting the 5 year

survival.
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Uveal melanoma (UM) is the most frequent primary ma-
lignant intraocular tumor in adults. Despite of the progress in
local therapy and its 90 % success, no significant progress in
extending the patient survival length had been achieved in the
last decades [1]. The main cause of death of patients with UM
is the metastatic dissemination that appears in up to 50 % of
patients at different time periods after the diagnosis had been
established [2, 3]. Today no effective therapy of UM metastases
is known. The actual research is oriented on identification of
patients with high risk for metastases development based on
reliable prognostic factors and on development of adjuvant
systemic therapy.

Despite high accuracy of diagnosis and availability of
various methods of treatment, the mortality due to uveal

melanoma has remained unchanged. The prognosis in
uveal melanoma depends on clinical, histopathological and
cytological factors. Clinical factors that relate to progno-
sis include location, size, and configuration of the tumor.
Uveal melanoma can arise in the iris, the ciliary body or the
choroid. Iris melanomas have the best prognosis and ciliary
body melanomas have the worst prognosis. Based on retro-
spective studies, the mortality rates for uveal melanoma for
comparable sized tumors treated by enucleation or other globe
conserving methods such as radiotherapy appear to be similar.
Histopathological factors such as cell type, mitotic activity,
microcirculation architecture, tumor-infiltrating lymphocytes
and the presence of extrascleral extension are also significant
predictors of survival. More recently, cytological factors such
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as cell proliferation, cytomorphology, and molecular genetic
prognostic markers have been identified with the hope of de-
tecting high risk cases for adjuvant systemic immune therapy
or chemotherapy. At present, the role of these therapeutic
methods is not clearly established. Recent cytogenetic and
molecular genetic research identified several genetic prognos-
tic factors capable of making reliable predictions of prognosis
in patients with uveal melanoma. While the cellular makeup
of biopsied tumors remains very useful, recent discoveries in
tumor cytology, gene expression profiling, and identification
of circulating tumors cells have given more influence to cut-
ting edge prognostic indicators.

It has been well established that there exists an association of
uveal melanoma with monosomy 3 [4]. A retrospective study
analyzing tumors in enucleated specimens demonstrated that
no individuals with two copies of chromosomes 3 developed
metastatic disease, however, 57 % of those with monosomy
3 developed metastatic disease with a 3 year survival rate of
50 % [5]. With this finding, direct tissue biopsy obtained via
fine needle aspiration increased in popularity to offer screen-
ing for patients during therapeutic procedures for high-risk of
metastasis. Patients found to have evidence for monosomy 3
were selected for adjuvant therapy or closer monitoring.

These genetic factors prove to be even more important
predictors than clinical and pathological factors and have
already been implemented in the current ocular oncology
clinical practice.

Apoptosis inducing factor (AIF) is a protein with pro-
apoptotic function in the nucleus and redox activity in
mitochondria. The role of AIF in oncogenesis has been dem-
onstrated in several experimental works [6, 7]. Expression of
ATF and its potential prognostic significance in UM has not
been explored yet. Uveal melanoma represents an important,
so far not sufficiently investigated problem of oncoophthal-
mology. More exact prognosis and potential discovery of new
therapeutic targets would be a great contribution to a better
management of patients with this disease.

Materials and methods

A group of 54 patients who underwent surgical treatment
(enucleation, endoresection, exenteration) for UM at the De-
partment of Ophthalmology, Faculty of Medicine Comenius
University in Bratislava in the period from Jan 1 2001 to Dec
312007, were included into the retrospective study. The size
of the tumor was assessed based on ultrasound evaluation, CT
or MRI investigation. The tumor volume was calculated with
the formula: volume = /6 x length x width x height [8]. The
patients were followed in the oncoophthalmology outpatient
clinic in 6 to 12 months periods. The overall survival and
appearance of metastases was evaluated to the date of Aug
31 2012.

After surgery the specimen was fixed and tissue samples
were processed in paraffin and histologically evaluated by pa-
thologists according to the WHO classification criteria [9].

Tissue microarray construction. According to tumor
histology, one or two representative tumor areas were identi-
fied and marked on hematoxylin and eosin stained sections.
Sections were matched to their corresponding wax blocks
(the donor blocks), and 3-mm diameter cores of the tumor
were removed from these donor blocks with the multipurpose
sampling tool Harris Uni-Core (Sigma-Aldrich, Steinheim,
Germany) and inserted into the recipient master block. The
recipient block was cut into 5-pm sections and sections were
transferred to coated slides.

Immunohistochemical staining. Slides were deparaffin-
ized and rehydrated in phosphate buffered saline solution
(PBS; 10 mM, pH 7.2). The slides were subsequently incubated
1 hour at room temperature with primary anti-AIF rabbit pol-
yclonal antibodies (Millipore, Darmstadt, Germany), diluted
1:100 in Dako REAL antibody diluent and immunostained
with EnVision G/2 System/AP alkaline phosphatase Perma-
nent Red visualization system according to the manufacturer’s
instructions (DAKO, Glostrup, Denmark). The slides were
counterstained with hematoxylin and mounted. As a positive
control for ATE, normal colon tissue was included. As negative
control, the same tissue was used, with omitting the primary
antibody from the staining protocol.

For evaluation of AIF localization in the cells, the slides
were pretreated as above. The primary antibodies: anti-AIF
rabbit polyclonal antibodies (Millipore) in concentration 1:500
and anti-mitochondrial mouse monoclonal antibody 1:500
(clone 113-1, Millipore), were mixed and incubated on the
slide 1 hour at room temperature. After three 5 min washes
in PBS, the slides were incubated with: goat anti-rabbit anti-
bodies conjugated with AlexaFluor 594 diluted 1:200 in PBS
and sheep anti-mouse antibodies conjugated with AlexaFluor
488 diluted 1:200 (Thermo Fisher, Waltham, MA USA), were
mixed and incubated on the slide 30 min at room temperature.
After three 5 min water washes, the slides were counterstained
5 min with DAPI diluted 1:1000 in distilled water, rinsed and
mounted in fluorescence cover medium (DAKO). The slides
were looked and digitally evaluated in 40i confocal microscope
(Nikon, Kanagawa, Japan) with application of NIS-Elements
Confocal software (Nikon).

Immunohistochemical stain scoring. Tumor cores were
independently assessed by two observers (HG and PB)
who were blinded to clinicopathological data. In cases of
disagreement, the result was reached by consensus. AIF ex-
pression was scored by the multiplicative quick score method
(QS), which accounts for both the extent of cell staining as
well as staining intensity. Briefly, the portion of positive
cells was estimated and given a score on a scale from 1 to 6
(1=1-4%; 2=5-19%; 3=20-39%; 4=40-59%; 5=60-79%; and
6=80-100%). The average intensity of the positively staining
cells was given a score from 0 to 3 (0=no staining; 1=weak;
2=moderate; and 3=strong staining). Recalculated QS was
done by multiplying the percentage score by the intensity
score, to yield a minimum value of 0 and a maximum value
of 18 [10].
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Statistics. For statistical analysis purpose the patients were
divided into two groups: those who died 5 years after surgery
(n=22) and patients surviving over 5 years after surgery
(n=32). Total mortality was evaluated. For statistical analysis
were used the ¥* test, Fisher exact test, Manna-Whitney test,
Kolmogorov-Smirnov, Student t-test and in survival evaluation
the Kaplan-Meier analysis; the acquired lines were compared

A

with the help of log rank test. Statistically significant was the
value p < 0.05.

Results

In the group of 54 patients,26 males (48%) and 28 women
(52%), the average age at the time of surgery was 63.9 + 13.7

20%

100%

Figure 1. AIF expression in uveal melanoma. Red color fine granular cytoplasmic positivity of weak (A), moderate (B) and strong (C) intensity. Immuno-

alkaline phosphatase, 400x.

Histological preparations showing different density of immunohistochemical reaction with antibodies against AIF. Inmuno-alkaline phosphatase,

200x (D, E, F, G).
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years. Enucleation was performed in 48 patients, 5 patients
had endoresection and one exenteration of the orbit. All
patients had affected only one eye, in 23 patients (43%) the
right eye was affected. The tumor originated from choroid in
46 patients, from ciliary body in 6 patients and simultane-
ously from both the choroid and ciliary body in 2 patients.
Information about the size of the tumor at the time of surgery
was known in 42 patients (78%). The average largest diameter
of the tumor was 14.1 mm and the average tumor volume was
0.86 cm’. Based on the tumor size and the metastatic activity
the disease was TNM classified into particular categories. At
the time of surgery all patients were in the stage NO; there
was one patient with M1 stage with developed metastases in
lungs and the liver.

Histopathological findings of uveal melanoma were: spin-
dle cell type B in 50 %, mixed type in 28 %, spindle cell type
A in 11 % and epithelioid type in 7 %. In two patients who
underwent endoresection the tumor cell type was not possible
to be classified. In the group of 54 patients, to the date of Aug
31st 2012 with the average follow-up length of 61 + 35 months
(median 61 months), we registered death in 30 (56 %) patients.
Death occurred in 42 + 27 months after surgery (median 38
months).

Survival over 5-years was in 32 (59 %) patients. Distant
metastases were found in 22 (44 %) patients. Most of the distant
metastases were located in the liver— 20 patients (91 %) and in
lungs- 5 patients (23 %) patients. In 7 patients (32 %) more
than one metastatic place were formed. Median of survival
after metastasis discovery was 3 months.

Immunohistochemical analysis. Immunoreactivity of AIF
was detected in 39 (80 %) evaluated tumors as fine granular
cytoplasmic staining, no nuclear staining was detected. The
first third of samples with AIF-immunoreactive cells reached
the QS value of 4, which was then defined as the threshold for
ATF positivity. In the whole group there was 33 (67 %) with
QS = 4. Immunoreactivity of AIF was detected in variable
percentage of tumor cells and in different intensities: weak in
10, moderate in 14 and strong in 12 patients (Fig. 1).

Confocal fluorescence microscopy confirmed the intra-
cytoplasmic granular AIF positivity that colocalized with
the granular structures labeled with the anti-mitochondrial
antibody (Fig. 2). Colocalization of AIF red and mitochondrial
green signals was highly significant in neoplastic cells when

Figure 2. Confocal 3-dimensional imaging of AIF (red), anti-mitochon-
drial antibody (green) and nuclei labeled with DAPI (blue) in uveal
melanoma tissue. Indirect fluorescence, 630x.

compared with vascular endothelium (not shown) as reference
non neoplastic tissue. Manders™ overlap coefficient k1 (red/
green) was 0.94 and k2 (green/red) was 0.17 [11].

Analysis of the evaluated risk factors and mortality. Im-
munohistochemical evaluation was performed in 49 patients;
over 5-year survival had 28 (57 %) and less than 5 years survival
21 (43 %) patients. Comparison of the two groups pointed out
the following statistically significant parameters: the size of the
tumor, T stage of the tumor based on TNM classification and
the cellular type of the tumor. Age, sex, side, anatomical loca-
tion, nor infiltration of n. opticus, did not proof statistically
significant difference between the compared groups (Tab. 1
and Tab. 2).

Comparison of the immunohistochemical evaluation of
ATF expression in the group with favorable and less favorable
prognosis is summarized in Tab. 3. The intensity of immu-
nohistochemically detected expression of AIF, moderate and
strong, also correlated with less favorable prognosis of patients.

Table 1. The cohort of patients included in the study. Comparison of basic demographic and clinical parameters between patients with different 5 years

survival prognosis. Continuous parameters.

Survival Survival
> 5 years < 5years
Studied parameters
Average Average
Value range +MD Value range +MD P N
Age (years) 25-87 63+13 28 -84 64+ 15 0.942 54
Maximal tumour dimension (mm) 6-21 12.5+3.7 9-24 16.6 £ 3.7 0.001 42
Tumour volume (cm?) 0.06 — 2.47 0.60 + 0.55 0.14 - 5.02 1.30 +1.23 0.026 42

N = number of patients in whom we could analyze the parameter
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in patients with less than 5 years survival.

ATF positivity by itself, as defined above, was connected with
shorter survival (Fig. 3). Statistically significantly higher 5-year
mortality, in patients with AIF-positive tumor when compared
to the rest of the patients, was indicated also by Kaplan-Meier
survival analysis (Fig. 4).

Discussion

Information about prognosis is an important part of the
clinical management of the patient with oncological disease
[12]. Several clinical studies indicate the unequivocal need
of identification of patients with less favorable prognosis by
reliable prognostic factors [13-15]. In the present work we
analyze some of the known prognostic factors and correlate

Follow up (months)

Figure 4. Kaplan-Meier analysis of survival separates the two groups of
patients according to immunohistochemical detection of AIF (Quick
Score = 4) in tumor cells.

them with the expression of AIF as a potential additional
marker of biological potential of UM.

Basic characteristics of the presented pool of patients are
comparable with those introduced in other published studies
[16]. From among the clinical prognostic factors our results
confirmed the negative prognostic value of the tumor size, “T”
stage of the TNM classification and the mixed cytomorpho-
logical type of the neoplasm [17-20].

ATF is a ubiquitous protein with contending functions. The
first function is proapoptotic in the nucleus. The second one

Table 2. The cohort of patients included in the study. Comparison of basic demographic and clinical parameters in patients with over and less than

5 years survival prognosis. Incontinuous parameters.

Studied parameters Survival Survival
> 5 years < 5years P 0dds Ratio
% N % N

Male 44 14/32 55 12/22 0.435 0.580 1.54 (0.52-4.60)
Right eye 44 14/32 41 9/22 0.836 1.000 0.89 (0.30-2.67)
Choroidal melanoma 84 27132 86 19/22 0.840 1.000 1.17 (0.25-5.51)
Ciliary body melanoma 13 4/32 9 2/22 0.695 1.000 0.70 (0.12-4.20)
Ciliary body and choroidal melanoma 3 1/32 5 1/22 0.786 1.000 1.48 (0.09-24.93)
Spindle cell type B melanoma 77 23/30 46 10/22 0.021 0.040 0.25 (0.08-0.84)
Spindle cell type A melanoma 20 6/30 0 0/22 0.026 0.033 0.52 (0.40-0.69)
Epithelioid melanoma 10 3/30 5 1/22 0.466 0.629 0.43 (0.04-4.42)
Mixed cell melanoma 13 4/30 50 11/22 0.004 0.006 6.50 (1.70-24.93)
Eye globe or optic nerve infiltration 44 12/27 41 9/22 0.804 1.000 0.87 (0.28-2.71)
T1 or T2 stage 65 17/26 19 3/16 0.003 0.005 0.12 (0.03-0.54)
T3 or T4 stage 35 9/26 81 13/16 0.003 0.005 8.19 (1.84-36.42)

N = number of positive cases for studied parameters / overall number of patients in subgroup, some of the studied parameters were not available in all patients
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Table 3. Inmunohistochemical detection of AIF expression level in the two groups of patients with different 5 years survival prognosis.

Studied parameter Survival Survival .
> 5 years < 5 years P  at Odds Ratio
% N % N
AIF positive (QS = 4) 54 15/28 86 18/21 0.018 0.030 5.20 (1.24-21.73)
AIF immunoreactivity 3 14 4/28 38 8/21 0.055 0.092 3.69 (0.93-14.63)
AIF immunoreactivity 2 or 3 36 10/28 76 16/21 0.005 0.009 5.76 (1.62-20.45)
AIF immunoreactivity 2 21 6/28 38 8/21 0.201 0.222 2.26 (0.64-7.96)
AIF immunoreactivity 1 29 8/28 10 2/21 0.102 0.155 0.26 (0.49-1.40)

N = number of positive cases for studied parameters / overall number of patients in subgroup, QS = quick score

is in mitochondria to provide the protective oxidoreductasis.
This protein undergoes proteolysis after an apoptotic insult
and it is translocated to nucleus to induce condensation of
chromatin and DNA degradation. Survival of cells as well as
cell death plays a significant role in oncogenesis. Experimental
studies confirm that inhibition of AIF proapoptotic function
participates at the chemoresistance in lung small cell carci-
noma and colon cancer [8, 21]. These necroptotic pathways,
in which AIF is involved, can be regulated to a certain level,
as it is presented in recent research [22, 23]. Interesting ex-
perimental data provide evidence that snake venom Lebein
induces nuclear translocation of AIF in melanoma cell line-
age in vitro leading to their apoptotic death [24]. It is evident
that antiapoptotic mechanisms contribute to melanoma cells
survival. Targeting of antiapoptotic factor Survivin induced
caspases activation and nuclear translocation of AIF, leading
to death in melanoma cell culture [25].

The limited availability of data about AIF cannot supply
its potential in clinical practice. Immunohistochemically de-
tected AIF occurrence has been reported in gastrointestinal
tract tumors and in ameloblastomas [26-28]. These studies
evaluated the cytoplasmic positivity which is bound to its
protective function in the mitochondrial environment. Our
study originally intended the evaluation of AIF incidence
in the nucleus and its relevance in patient’s prognosis. No
ATF protein nuclear translocation was observed in the uveal
melanomas, nevertheless, the cytoplasmic expression was an
almost consistent finding. The results indicated the survival
less than 5-years in patients with high level of AIF expression.
When compared with patients with immunohistochemically
detected low level of AIF, the survival was more than 5-years.
This indicated that the biological potential of these tumors
could be related to the function of mitochondrial AIF which
is required for oxidative phosphorylation and energy genera-
tion. The consequence is the support of tumorigenic growth of
cancer cells [29]. The statistical results of our study confirmed
the significantly worse prognosis in patients with UM with
high level of AIF which was documented also by Kaplan-Meier
analysis (see Fig. 4). On the other hand, through its effect on
B-catenin signaling, AIF inhibits epithelial-mesenchymal
transition (EMT) and metastasis of cancer cells in vitro and
in orthotopically implanted xenografts [30]. It is obvious that

the role of AIF in the neoplastic cells must be post evaluated
in the context of its various biological functions.

In conclusion, our work presents immunohistochemical
evaluation of AIF expression as a new potential prognostic
marker in patients with UM. This marker has a potential to
gain higher significance in the future especially in connec-
tion with potential adjuvant therapies targeting modulators
of the AIF.
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