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AbsTrACT
Aims Uveal melanoma (UM) is the most common 
primary intraocular malignancy in adults, and 40% 
develop fatal metastatic disease. Overexpression of 
thioredoxin- dependent peroxidase reductase (PRDX3) 
has been implicated in several cancers, including 
prostate, breast, colorectal and lung cancer. The aim of 
this study was to compare the immunohistochemical 
expression of PRDX3 in formalin- fixed, paraffin- 
embedded (FFPE) primary UM tissues of patients who did 
and did not develop metastatic disease.
Methods Immunohistochemical staining of PRDX3 
was performed on FFPE tissue microarray samples of 92 
primary UM tumours from patients who did and did not 
develop metastatic disease. The immunohistochemical 
staining was assessed by two observers who were 
blinded to all clinicopathological and cytogenetic details 
including metastatic/non- metastatic information. Based 
on a scoring system, expression of PRDX3 was graded as 
high or low.
results There were 55 tumours (59.8%) from patients 
who developed metastatic disease, while 37 (40.2%) were 
from patients who did not develop metastasis. A statistically 
significant difference in PRDX3 expression was observed 
in patients who did and did not develop metastasis 
(p=0.001). A significant positive correlation between high 
PRDX3 expression and metastasis was observed (p=0.001). 
A significant negative correlation between PRDX3 
expression and survival was found (p=0.005). Kaplan- 
Meier survival analysis showed a statistically significant 
difference in overall survival between tumours that 
demonstrated low and high expression of PRDX3 (67.61 vs 
130.64 months, respectively, p=0.013).
Conclusions High immunohistochemical expression 
of PRDX3 in primary UM tissue is associated with 
metastasis and poor survival.

InTrOduCTIOn
Uveal melanoma (UM) is the most common 
primary intraocular malignancy in adults. The 
overall incidence is approximately five to seven 
cases per million per year, and climbs to more 
than 20 cases per million per year by the age of 
70.1 2 The survival rates at 5, 10 and 15 years 
are 65%, 50% and 45%, respectively.2–4 UM is 
associated with the development of metastasis in 
about 50% of cases, and 40% of patients with 
UM die of metastatic disease despite successful 
treatment of the primary tumour.5 6 Metastatic 
spread occurs haematogenously, predominantly 

to the liver in up to 90% of patients with meta-
static disease.7 Other potential sites include 
lung, bone and skin, but these are rare in the 
absence of liver metastasis.8 Despite progress in 
early diagnosis and treatment of primary UM, 
mortality rates have remained similar over the 
last 25 years.9 10 This is due to the lack of effec-
tive biomarkers to identify early metastasis and 
therapeutic targets for metastatic UM.

The majority of studies to date attempting to 
understand the pathogenesis of UM have been 
performed at the genetic level. These have iden-
tified GNAQ and GNA11, which are mutations 
found in about 85%–91% of all UMs, repre-
senting the most common oncogenic muta-
tion.11–13 These mutations may represent an 
early event that leads to the development of UM. 
Primary UM clusters in two different genetic 
classes: class 1 tumours, which are associated 
with a good prognosis, and class 2 tumours with 
a high metastatic risk.14 15 Further downstream, 
mutations in BAP1 gene located in chromo-
some 3 were found to occur almost exclusively 
in metastasising class 2 tumours.16 Either BAP1 
mutation or loss of chromosome 3 can occur 
first, but both events appear to be necessary for 
the tumour to metastasise.17

The peroxiredoxin (PRDX) family is criti-
cally involved in redox regulation of the cell and 
protects radical- sensitive enzymes from oxidative 
damage by a radical- generating system. In addi-
tion, these proteins are also involved in a range 
of other cellular roles, including the modulation 
of cytokine- induced hydrogen peroxide levels, 
which have been shown to mediate signalling 
cascades leading to gene expression, cell prolif-
eration, differentiation and apoptosis.18–20 Over-
expression of thioredoxin- dependent peroxidase 
reductase (PRDX3) has been implicated in several 
cancers, including prostate, breast, hepatocel-
lular, colorectal, lung and nasopharyngeal cancer, 
suggesting that it supports increased metabolism 
and protects proliferating cancer cells from apop-
tosis and chemodestruction.21–28

The objective of this study is to determine and 
compare the immunohistochemical expression 
of PRDX3 in formalin- fixed, paraffin- embedded 
primary UM tissues of patients who did and did 
not develop metastatic disease. Therefore, this is a 
retrospective study.
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Table 1 Demographics, clinical, histopathological and cytogenetic 
details of 92 uveal melanoma patient tumours analysed for 
immunohistochemical expression of PRDX3 using tissue microarray

Metastasis no metastasis Total

Mean age of diagnosis 
(years)

61.81 (SD: 14.6), 
range: 31.25–93.75

56.76 (SD: 14.84), 
range: 24.75–85.0

59.77 (SD 14.82), 
range: 24.75–93.75

Dead 54/55 (98.2%) 14/37 (37.8%)* 68/92 (73.9%)

Mean survival (months) 64.04 (SD: 77.84), 
range: 3–427

189.07 (SD: 53.73), 
range: 96–328

89.78 (SD: 89.15), 
range: 3–427

Male 30 (61.2%) 19 (38.8%) 49 (53.3%)

Female 25 (58.1%) 18 (41.9%) 43 (46.7%)

Metastasis/no metastasis 55 (59.8%) 37 (40.2%) 92 (100%)

Liver 29 (52.7%) – –

Lung 3 (5.5%) – –

Brain 2 (3.6%) – –

Spine 2 (3.6%) – –

Multiple 6 (10.9%) – –

Site NA 13 (23.6%) – –

Ciliary body involvement 11 (78.7%) 3 (21.3%) 14 (15.2%)

Extrascleral extension 92

No 45 (57.7%) 33 (42.3%) 78 (84.8%)

Yes 6 (85.7%) 1 (14.3%) 7 (7.6%)

NA 4 (57.1%) 3 (42.9%) 7 (7.6%)

Cell types 92

Spindle 16 (51.6%) 15 (48.4%) 31 (33.7%)

Epithelioid 10 (76.9%) 3 (23.1%) 13 (14.1%)

Mixed 28 (59.6%) 19 (40.4%) 47 (51.1%)

NA 1 (100%) 0 1 (0.1%)

Tumour size 92

Small (<10 mm) 3 (33.3%) 9 (66.7%) 12 (13%)

Medium (10–15 mm) 13 (56.5%) 10 (43.5%) 23 (25%)

Large (>15 mm) 32 (69.6%) 14 (30.4%) 46 (50%)

NA 7 (63.6%) 4 (36.4%) 11 (12%)

Chromosome 3 status 17/92 (18.5%)

Monosomy 3 6 (60%) 4 (40%) 10 (58.8%)

Disomy 3 0 7 (100%) 7 (41.2%)

NA 49 (65.3%) 26 (34.7%) 75 (81.5%)

*Cause of death unrelated to uveal melanoma.
NA, not available; PRDX3, thioredoxin- dependent peroxidase reductase.

MeThOds
Patient samples
Tissue specimens were obtained from the National Ophthalmic 
Laboratory, Royal Victoria Eye and Ear Hospital, Dublin, Ireland. 
Samples were also formalin- fixed and paraffin- embedded and 
cut in 4 µm sections for morphological assessment by immuno-
histochemistry. Cytogenetic analysis of chromosome 3 status was 
performed using fluorescent in situ hybridisation by the Mersey-
side and Cheshire Genetics Laboratory, Crown St, Liverpool, 
UK.

Immunohistochemistry
Immunohistochemistry was performed on formalin- fixed, 
paraffin- embedded tissue microarray (TMA) samples. Statis-
tical power calculation showed that 202 patient samples were 
required for a power of 0.8. However, only a total of 92 primary 
UM tumours were available and were used. Each tumour had 
four representative cores. All immunohistochemical staining 
was performed using the Dako Autostainer Plus according to 
the manufacturer’s instructions (Dako, Glostrup, Denmark). 
Dewaxing and antigen retrieval were done in the PT Link system 
(Dako) using Target Retrieval Solution pH 9. Endogenous 
peroxidase activity was blocked for 10 min with 200 µL of HRP 
Block (Dako). The slides were washed with 1X wash buffer and 
200 µL of antibody solution added to the slides for 30 min for 
PRDX3 (GeneTex, Irvine, California (GTX111887); dilution 
1:430 vol/vol). Antibody was diluted in Dako REAL Antibody 
Diluent. Slides were washed again with 1X wash buffer and then 
incubated with 200 µL REAL EnVision (Dako) for 30 min. Slides 
were washed again with 1X wash buffer and then stained with 
200 µL 3- amino-9- ethylcarbazole substrate chromogen (Dako) 
for 5 min and this was repeated once more. All slides were coun-
terstained with haematoxylin (Dako) for 5 min and rinsed with 
deionised water, followed by wash buffer. Once staining was 
completed, each slide was mounted with a coverslip using Fara-
mount Mounting Solution (Dako). Negative control slides were 
incubated with Dako REAL Antibody Diluent only; the primary 
antibody was omitted.

The immunohistochemical staining was assessed by two 
observers who were blinded to all clinicopathological and cyto-
genetic details including metastatic/non- metastatic information 
(PR, AL). The TMA slides were scored based on staining only, as 
all cases demonstrated 100% staining given the small tumour core 
size. The staining intensities observed in tumours were assigned 
as negative, weak or strong. Each tumour had four representa-
tive cores, and each core was assigned a score of 0–2. No staining 
was scored as 0, weak staining as 1 and strong staining as 2. A 
total score for each patient was obtained by adding the scores of 
all four cores. Thus, a minimum score of 0 and a maximum score 
of 8 were obtained. The total score was divided into two catego-
ries: 0–3 as low expression and 4–8 as high expression. In order 
for a patient to be categorised as ‘low expression’, a minimum of 
at least one core per patient would be required to demonstrate 
negative staining. The minimum staining for a patient to be cate-
gorised as ‘high expression’ requires all four cores to demon-
strate weak staining, one strong with two weak staining, or two 
strong with two negative staining tumour cores. Thus, tumours 
with heterogeneous PRDX3 staining in four cores would be 
classified as low or high based on the presence or absence of 
negative staining. Using this method, four weak staining cores 
would be appropriately categorised as a positive result. If a core 
was uninformative, missing, or contained no tumour tissue or 
exhibited extensive pigmentation, the overall score was that of 

the remaining core(s). Discordant scoring results were re- viewed 
by both observers together to reach agreement and a consensus 
score assigned.

All data were processed in SPSS V.22.0 for statistical analyses. 
Fisher’s exact test (two- tailed), Pearson correlation and Spearman 
correlation were used to assess the association between clinical, 
histopathological and cytogenetic factors with immunohisto-
chemical expression score. Differences of immunohistochemical 
expression score between samples of patients who developed and 
those who did not develop metastasis were examined by Mann- 
Whitney U test. Kaplan- Meier survival curves were produced for 
metastatic/non- metastatic information and PRDX3 expression 
based on immunohistochemical analysis in TMAs.

resulTs
Immunohistochemical analysis of PRDX3 expression was 
performed on 92 primary UM TMA samples. The demographics, 
clinical, histopathological and cytogenetic details of 92 patient 
tumours analysed are outlined in table 1. Each UM tumour 
sample was represented by four tissue cores in the TMA slides. 
There were 55 tumours (59.8%) from patients who developed 
metastatic disease, while 37 (40.2%) were from patients who 
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Figure 1 Low- power representative immunohistochemical images 
of PRDX3 expression in uveal melanoma tissue microarray samples 
showing (A) strong positive cytoplasmic PRDX3 staining, (B) weak 
positive cytoplasmic PRDX3 staining and (C) no PRDX immunoreactivity. 
Magnification ×200, scale bar=200 µm. PRDX3, thioredoxin- dependent 
peroxidase reductase.

Figure 2 High- power representative immunohistochemical 
images of PRDX3 expression in uveal melanoma tissue microarray 
samples showing (A) strong positive cytoplasmic PRDX3 staining, 
(B) weak positive cytoplasmic PRDX3 staining and (C) no PRDX3 
immunoreactivity. Magnification ×400, scale bar=100 µm. PRDX3, 
thioredoxin- dependent peroxidase reductase.

Table 2 Each tumour was represented by four tumour. The majority 
of tumours demonstrated the same intensity of staining in all four 
tumour cores. cores

number of cores staining with the same intensity

4 3 2

No metastasis 26/37 (70.3%) 10/37 (27%) 1/37 (2.7%)

Metastasis 47/55 (85.5%) 6/55 (10.9%) 2/55 (3.6%)

Table 3 Distribution of PRDX3 expression score in primary uveal 
melanoma tumours with metastasis and without metastasis

PrdX3 expression
Metastasised 
tumours (n=55)

non- metastasised 
tumours (n=37) Total (n=92)

Low expression 7 (12.7%) 16 (43.2%) 23 (25%)

High expression 48 (87.3%) 21 (56.8%) 69 (75%)

Low expression is defined as a combined score of 0–3 and high expression is 
defined as a combined score of 4–8 for all four cores of tumour tissues per patient.
PRDX3, thioredoxin- dependent peroxidase reductase.

did not develop metastasis. Patients who metastasised were diag-
nosed with UM between 1994 and 2010. The majority of patients 
without metastasis (31/37, 83.8%) were diagnosed with UM 
between 1994 and 2006 and were metastasis- free for a period of 
7–19 years (up to 2013). There were two patients diagnosed in 
2007 with monosomy 3 tumours who were metastasis- free for 
at least 6 years, and one patient diagnosed in 2009 with mono-
somy 3 tumour was metastasis- free for at least 4 years. A further 
three patients with disomy 3 tumours who were metastasis- free 
for at least 4 years were also included. Chromosome 3 informa-
tion was available for 17 tumours; 10 were monosomy 3 and 
7 were disomy 3 (58.8% and 41.2%, respectively). In patients 
with monosomy 3 tumours, 6 (60%) developed metastasis. The 

remaining four patients with monosomy 3 tumours, diagnosed 
between 2005 and 2009, were metastasis- free, while all seven 
patients with disomy 3 tumours did not develop metastasis. 
Figures 1 and 2 demonstrate representative strong positive, weak 
positive and negative staining in TMA tumour tissues.

The majority of tumours demonstrated the same intensity of 
staining across all four cores of tissue (26 of 37 (70.3%) tumours 
without metastasis and 47 of 55 (85.5%) tumours with metas-
tasis). There were a number of tumours that demonstrated 
different staining intensities in the four cores of tissue. These are 
outlined in table 2. The mean score in the metastasised patients 
is 6.18 (SD: 2.66, 95% CI 5.46 to 6.90). The mean score in 
patient tumours with no metastasis is 4.54 (SD: 3.56, 95% CI 
3.36 to 5.73).

There were 23 and 69 patient tumours with a score of 0–3 
(categorised as low expression) and 4–8 (categorised as high 
expression), respectively. Seven and 48 patients who developed 
metastasis demonstrated low and high expression, respectively. 
Sixteen and 21 patients who did not develop metastasis demon-
strated low and high expression, respectively (table 3). In the 
non- metastasised group, 4 of the 21 patient tumours that demon-
strated high expression of PRDX3 are monosomy 3 tumours that 
were diagnosed between 2005 and 2009 (when chromosome 
3 monosomy test was commenced as part of routine clinical 
practice). Although at the time of this study these patients were 
metastasis- free, it is highly likely that these patients will develop 
metastasis based on their cytogenetic risk factor of monosomy 3.

A statistically significant difference in PRDX3 expression was 
observed in patients who did and did not develop metastasis 
(p=0.001, Mann- Whitney U test; table 4). A significant positive 
correlation between high PRDX3 expression and metastasis was 
also observed (p=0.001, r=0.346, n=92, Spearman correla-
tion). Furthermore, a significant negative correlation between 
PRDX3 staining score and expression with survival was found 
(p=0.005, r=−0.343, n=66; p=0.017, r=−0.294, n=66, 
respectively, Spearman correlation). No significant correlation 
was found between PRDX3 expression score and histopatholog-
ical factors such as cell type and tumour size (0.797 and 0.313, 
respectively, Spearman correlation; table 5).

Survival analysis was performed to determine if PRDX expres-
sion was significantly associated with overall survival. In the 66 
patients who have died, 14 demonstrated low expression while 
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Table 4 Test statistics showing statistically significant difference in 
PRDX3 expression in patients who did and did not develop metastasis

Test statistics PrdX3 expression

Mann- Whitney U test 707

Wilcoxon W 1410

Z −3.296

Asymptomatic significance (two- tailed) 0.001*

A total of 92 patients were studied, 55 with metastasis and 37 without metastasis.
*P<0.05.
PRDX3, thioredoxin- dependent peroxidase reductase.

Table 5 PRDX3 expression is significantly associated with developing 
metastasis and poor survival and not significantly associated with cell 
type or tumour size

PrdX3 expression, p value

Metastasis 0.001*, 0.001†

Survival 0.017†, 0.013‡

Cell type 0.797†

Tumour size 0.313†

*Mann- Whitney U test.
†Spearman correlation.
‡Mantel- Cox.
PRDX3, thioredoxin- dependent peroxidase reductase.

Table 6 Survival rates of patients with tumours that demonstrated 
low and high expression of PRDX3

PrdX3 expression

survival (months)

Mean se 95% CI

Low (n=14) 130.64 24.77 82.14 to 179.14

High (n=52) 67.61 8.67 50.63 to 84.61

Overall (n=66) 80.99 9.09 63.17 to 98.80

A statistically significant difference in survival rate was observed between tumours 
that demonstrated low and high expression (p=0.013, Mantel- Cox log- rank; 
p=0.026, Wilcoxon- Breslow; p=0.017, Tarone- Ware).
PRDX3, thioredoxin- dependent peroxidase reductase.

Figure 3 Kaplan- Meier survival analysis showing a significant 
negative correlation between PRDX3 expression and survival in 52 
patients who demonstrated high expression compared with 14 patients 
who demonstrated low expression. The mean survival for patients 
with low and high PRDX3 expression is 130.64 and 67.61 months, 
respectively (p=0.013, Mantel- Cox log- rank; p=0.026, Wilcoxon- 
Breslow; p=0.017, Tarone- Ware). PRDX3, thioredoxin- dependent 
peroxidase reductase.

52 demonstrated high expression (21.2% and 78.8%, respec-
tively). The mean, SE and 95% CI for survival time for low and 
high expression of PRDX3 are outlined in table 6. A statistically 
significant difference in overall survival was observed between 
tumours that demonstrated low and high expression of PRDX3 
(p=0.013, Mantel- Cox log- rank; p=0.026, Wilcoxon- Breslow; 
p=0.017, Tarone- Ware). Kaplan- Meier analysis demonstrated a 
significant negative correlation between PRDX3 expression and 
survival (figure 3).

dIsCussIOn
Immunohistochemical analysis showed a significantly higher 
expression of PRDX3 in patients who developed metastasis. Cell 
type and tumour size have been associated with higher risk of 
metastasis. However, this study showed that the expression of 
PRDX3 was not associated with these histopathological factors. 
The difference in overall survival between tumours that demon-
strated low and high expression of PRDX, demonstrated by 
Kaplan- Meier survival curve, was also significant.

Overexpression of PRDX3 has been implicated in several 
cancers, including prostate, breast, hepatocellular, colorectal, 
lung and nasopharyngeal cancer, suggesting that it supports 
increased metabolism and protects proliferating cancer cells 
from apoptosis and chemodestruction.21–28 Chang et al29 identi-
fied PRDX3, via its effects on H2O2, to be a critical regulator of 
apoptotic signalling. Depletion of PRDX3 resulted in increased 
intracellular H2O2, cytochrome c and other proapoptotic mole-
cules such as caspase 3, sensitising cells to induction of apoptosis 
by staurosporine or tumour necrosis factor (TNF)-α.29 Although 
many proapoptotic stimuli induce the intracellular accumula-
tion of H2O2, a causal relationship between the mitochondrial 
generation of H2O2 and its active participation in apoptosis 
was shown.29 Therefore, cells that express PRDX3, or indeed 
increased PRDX3 expression, may catalyse the production of 
TNF/staurosporine- mediated mitochondrial H2O2 necessary for 
apoptosis. Overexpression of PRDX3 protects thymoma cells 
from apoptosis induced by hypoxia, a bolus of peroxide or the 

anticancer agent imexon.30 Another study identified PRDX3 
overexpression in aggressive prostate cancer, where these cells 
demonstrated resistance to H2O2- induced apoptosis through a 
failure to activate proapoptotic pathways.31 32 PRDX3, along 
with PRDX4, was also identified in a prostate cancer tissue 
proteomic study where these proteins were overexpressed 
and increased proliferation of prostate cancer cell lines.33 An 
immunohistochemical study identified a positive correlation 
between PRDX3 expression and proliferation in breast cancer 
tissues. Silencing PRDX3 gene in breast cancer cell lines also 
decreased proliferation and induced cell cycle arrest.34 Another 
study observed that the overexpression of PRDX I–III in breast 
cancer could be explained by the antiapoptotic and prolifera-
tive effects that these proteins exert.35 Karihtala et al36 found 
high expression of PRDX I, III, IV and V in breast carcinoma, 
suggesting that PRDXs are able to inhibit H2O2- mediated phys-
iological apoptosis, cause abnormal proliferation and thereby 
may lead to tumourigenesis. Specifically, they found a correla-
tion between strong PRDX3 expression and poorly differenti-
ated tumours. The increased expression of PRDX3 in primary 
UM tissues from patients who developed metastasis found in this 
study indicates its potential role as a suppressor of mitochondria- 
mediated apoptosis by eliminating H2O2. Via this mechanism, 
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UM cells expressing high levels of PRDX3 may evade apoptosis, 
leading to uncontrolled cell proliferation. PRDX3 also protects 
the mitochondria against H2O2 and hydroxyl radical (OH·)- 
mediated mitochondrial RNA damage. This supports the well- 
established knowledge that tumour cells exhibit a high metabolic 
rate to support rapid proliferation and growth.

To our knowledge, this is the first study that implicates 
PRDX3 in the metastatic phenotype of UM. Further analysis of 
the expression, activity level and function of PRDX3 in UM is 
essential for defining its potential role as a novel biomarker and 
identify therapeutic targets. Such studies could also provide new 
insights into the role of PRDX3 as a potential biological deter-
minant contributing to the development of metastatic disease.

The retrospective nature and use of TMA samples limit the 
accuracy of this study. This study was underpowered, but this was 
unavoidable due to the limited number of tissue samples available 
and the rarity of UM. Furthermore, inclusion of only enucleated 
tumours (ie, larger tumours with worse prognosis) may also add 
bias to the study. Other limitations include those inherent to immu-
nohistochemical studies, such as variable antibody reactivity, back-
ground staining and subjective interpretation. TMA rather than 
full UM tumour samples were used in order to preserve as much 
tissue as possible for further studies. However, the nature of this 
study was to determine expression of PRDX3 in UM tissues and 
enable future work to determine the significance of this protein in 
the molecular biology of this cancer.

Take home messages

 ► Uveal melanoma is the most common primary intraocular 
malignancy in adults, and 40% develop fatal metastatic 
disease.

 ► A significantly higher thioredoxin- dependent peroxidase 
reductase (PRDX3) expression was observed in patients who 
developed metastatic disease compared with those who did 
not.

 ► High PRDX3 expression was also associated with significantly 
shorter overall survival.
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