Anatomy and Pathology

Inflammatory Cytokines in Eyes with Uveal Melanoma
and Relation with Macrophage Infiltration
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Purposk. The presence of an inflammatory phenotype, charac-
terized by an increased expression of HLA antigens and an
immunologic infiltrate, carries a bad prognosis in uveal mela-
noma. This study was conducted to determine whether the
aqueous humor (AqH) from eyes with uveal melanoma con-
tains inflammatory cytokines and whether their presence is
associated with inflammation.

MerHoDs. Immediately after enucleation, AqQH was obtained
from 37 eyes containing uveal melanoma. Samples were stored
at —80°C until use. Fifteen different cytokines were measured
with a multiplex bead array. Intratumoral macrophages were
analyzed by immunohistochemistry and immunofluorescence
staining. The presence of specific cytokines was compared
with histopathologic, genetic, and clinical tumor characteris-
tics, as well as patient survival.

Resurts. Several cytokines showed significantly higher expres-
sion in the AqH of uveal melanoma- containing eyes than in the
AgH of eyes undergoing cataract surgery. MCP-3 was associ-
ated with the presence of CD68" macrophages. Correlations
were found between some cytokine levels and a few known
prognostic factors of uveal melanoma, but cytokine levels were
not of predictive value for survival.

Concrusions. Uveal melanoma- containing eyes often carry in-
creased levels of inflammation-related cytokines in their AqH.
However, the presence of most specific cytokines was not
related to the presence of macrophages, clinical or histopatho-
logic parameters, or prognosis. (Invest Opbthalmol Vis Sci.
2010;51:5445-5451) DOI:10.1167/i0vs.10-5526

Uveal melanoma is a malignancy in the eye that may give
rise to metastases. Once metastases develop, survival is
poor.' Categories of patients can be identified that differ in
prognosis. When enucleation is indicated for treatment, sur-
vival is worse than when local treatment can be applied.” Many
clinical and histopathologic parameters are known to be indi-
cators of prognosis, including tumor size, the presence of
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epithelioid cells, loss of one copy of chromosome 3, and a
specific mRNA footprint, as well as immunologic markers.>™
The presence of an inflammatory infiltrate carries a poor prog-
nosis and is a component of an inflammatory phenotype.®’
Inflammatory infiltrates are characterized by an increased num-
ber of CD3™ and CD4" lymphocytes as well as CD11b™ mac-
rophages, and correspond with an increased expression of
HLA class I and II expression on the tumor cells.®*~'' We have
described this combination as an inflammatory phenotype,
which was associated with the presence of epithelioid cells
and with monosomy of chromosome 3.”

Macrophages can be found in variable quantities in uveal
melanoma. Mikitie et al.'? classified them into three catego-
ries—low, medium, and high—and observed that a high den-
sity of tumor-associated macrophages (TAMs) correlates with
decreased survival. The presence of macrophages was associ-
ated with hot spots of microvascular density.'® Vascular endo-
thelial growth factor (VEGF) is often produced by macro-
phages, and it is possible that the production of VEGF by the
infiltrating macrophages plays a role in the formation of blood
vessels.'* It may be that VEGF also has a role in uveal mela-
noma. It has been shown to be present in tumors and also in
the aqueous humor (AqH) and the vitreous of eyes with uveal
melanoma.'>'® Missotten et al.’® showed that both the tumor
and the surrounding retinal tissue are sources of VEGF.

Macrophages can be divided according to the so-called M1
and M2 paradigm, in which the M1-type macrophages appear
to be more immunostimulatory, whereas the M2-type macro-
phages are involved in tissue repair, angiogenesis, and immu-
noregulation.'”'® These M2-type macrophages can be identi-
fied by their enhanced expression of the CD163 scavenger
receptor.'® TAMs have been described to be mainly M2-type
macrophages, which have a tumor-promoting role, owing es-
pecially to their proangiogenic and immunosuppressive capac-
ities."”

Specific molecules (cytokines) are known to stimulate the
influx of macrophages, and determining the presence of such
cytokines in the eye may help in understanding why some
tumors have many and others have few macrophages. Al-
though fine-needle aspiration biopsies (FNABs) are currently
used to discriminate between tumors with and without loss of
one chromosome 3,>%?! hypothetically, studying a sample of
AgH from a uveal melanoma-containing eye can provide a
profile of cytokines that may also help to differentiate between
“good” and “bad” tumors. Furthermore, if identified, such a set
of known inflammatory cytokines could predict survival, since
the inflammatory phenotype is associated with decreased sur-
vival. If AqH is a good method of predicting the prognosis of a
certain tumor, treatment strategies could be customized for
each patient.

We determined the presence of 15 cytokines related to
inflammation in 37 eyes with uveal melanoma and attempted
to find a correlation between the concentration of the individ-
ual cytokines and the standard prognostic parameters in uveal

5445



5446 Ly et al.

melanoma. As well, we compared the survival of patients with
the presence of macrophage subtypes in 30 uveal melanoma
samples.

MATERIALS AND METHODS

Patient and Control Eyes

AgH samples were collected from 37 eyes that had been removed for
uveal melanoma. Immediately after enucleation, approximately 150 uL
of AqH was extracted with a 1-mL insulin syringe with a 23-gauge
needle. The AqH was immediately stored in a freezer at —80°C. AqH
samples from cataract patients were collected after the first paracen-
tesis. These patients were included as control subjects, only when
there was no history of ophthalmic disease or ongoing systemic disease
that influences ocular status, such as diabetes mellitus or hypertension.
In July 2009, patient data and survival were updated from the patients’
charts and from the database of the Integral Cancer Center West,
which records national death data. Death events were also obtained
from the Central Bureau of Statistics of the Netherlands. The research
protocol adhered to the tenets of the Declaration of Helsinki and was
approved by the local Medical Ethics Committee.

Pathologic Analysis

Histologic sections were prepared from tissues fixed in 4% neutral-
buffered formalin for 48 hours and embedded in paraffin. Hematoxylin
and eosin-stained 4-um sections were reviewed by an ocular pathol-
ogist for confirmation of diagnosis, intraocular localization, cell type,
largest basal diameter, prominence, and scleral invasion. Data regard-
ing a group of 50 patients have been published elsewhere.” From 37 of
these cases, AqH was available for testing.

Cytokine Measurement in AqH

In AgH samples of 50 uL, we determined the cytokines IL-6, IL-10,
bFGF, GM-CSF, IP-10, MCP-1, MIP-1a, RANTES, VEGF, MCP-3, MIF,
TNF-$, TRAIL, ICAM-1, and VCAM-1 by array analysis (Bio-Plex Human
Cytokine multiplex panel; Bio-Rad Laboratories, Veenendaal, The Neth-
erlands), according to the manufacturer’s instructions. Samples were
analyzed with an array reader and software (Bio-Plex; Bio-Rad).

Histologic Analysis of Uveal Melanoma

Immunohistochemical (IHC) staining with mAb CDG68 was performed
by the alkaline phosphatase-monoclonal anti-alkaline phosphatase
(APAAP) method.”?? For immunofluorescence (IF) double staining,
slides were incubated overnight at room temperature. Mouse anti-
human CD68 mAb (1:50, clone 514H12; ab49777; Abcam, Cambridge,
UK) was used to stain macrophages, and mouse anti-human CD163
mAb (1:100, clone 10D6; NCL-CD16; Novocastra, Newcastle-upon-
Tyne, UK) was used to stain M2-type macrophages. IHC sections were
counterstained with Mayer’s hematoxylin (Klinipath, Duiven, The
Netherlands) and embedded in Kaiser’s glycerin.

As a negative control, the primary antibody was replaced by phos-
phate-buffered saline and bovine serum albumin 1%.

Immunofluorescence Staining Analysis

Images of the slides were obtained by confocal laser scanning micro-
scope (model LSM510; Carl Zeiss Meditec, Jena, Germany) in a multi-
track setting, in which the slide was scanned multiple times with a
fixed pair of laser filters. Alexa-488 (staining CD68) was excited at 488
nm and detected with a 505- to 530-nm bandpass filter. Alexa-546
(staining CD163) was excited at 543 nm and detected with a 560- to
615-nm bandpass filter, yielding a two-color signal: green (CD68) and
red (CD163). All images were 512 X 512 pixels; eight-bit depth;
368.5 X 368.5-um stack size; and 0.72 X 0.72-um scale. A 25X/0.80
objective (PH2 Plan-NEOFluar; Imm Korr; Carl Zeiss Meditec) was
used. Images obtained were viewed and saved as merged images and as
a set of two separate panels, in LSM files.
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Assessment of Staining

Scoring of the slides stained with IHC and IF was performed by an
investigator blinded with respect to clinical outcome. The procedure
for the IHC evaluation is described elsewhere.”"'? For IF, the 10 most
representative high-power scans (magnification, 250X) per slide were
manually selected, to assess repeatability and validity. Each scan rep-
resented one square optical field (OF; area, 0137 mm?). Images of the
sections were exported as JPG files with an image-converting software
program (LSM Data Server, ver. 3.2.0.70; Carl Zeiss Meditec).

For digital analysis of the sections, we used an in-house software
image-analysis program (Stacks; Department of Molecular Cell Biology,
Leiden University Medical Center, Leiden, The Netherlands). The im-
ages with the green and red signals of CD68 and CD163, respectively,
were first thresholded and in the resulting binary images, the presence
of the subtype of macrophages was calculated by the number of pixels
expressing green, red, or both colors.

Chromosome Analysis

Chromosome analysis was performed by karyotyping as well as by
interphase FISH on nuclei isolated from 50-um paraffin-embedded
tissue sections, as described elsewhere.??

Statistics

A Student’s ftest was performed to compare the two groups for
differences in expression of cytokine levels. Linear regression was
applied to observe which factors exactly determined differences in
cytokine levels between the uveal melanoma and cataract patients.
ANOVA trend testing was performed for comparing the mean expres-
sion among more ordinal groups. Spearman’s rank correlation coeffi-
cient was used to analyze correlations between two numerical vari-
ables. Cox regression was performed to observe whether cytokine
levels were associated with decreased survival. Differences at P < 0.05
were considered to be statistically significant.

RESULTS

Cytokine Levels in AqH

We determined whether eyes with uveal melanoma contained
more or other inflammatory cytokines in their AqH than did the
normal eyes. We selected 15 cytokines and chemokines that
could be related to the presence of inflammation and macro-
phage infiltration.

AgH was obtained from 37 eyes with uveal melanoma and
37 with cataract; the mean age of the control patients was
68.7 £ 12.4 years (£SEM) and that of the uveal melanoma
patients was 58.5 * 14.9 years (P = 0.002). The distribution of
female and male patients was not significantly different (P =
0.16). In the control group, 40.5% were men, whereas 59.5%
were women; in the patient group, the respective percentages
were 56.8% and 43.2%. Mean follow-up time of the patients
who underwent enucleation was 4.8 *= 2.3 years. Of the 37
patients, 45.9% were alive at the end of follow-up. Metastasis
and subsequent death occurred in 40.5% (Table 1).

In comparison to eyes with cataract, eyes with uveal mela-
noma showed increased levels of almost all cytokines tested:
IL-6 (P < 0.01), MCP-1 (P < 0.01), MIF (P < 0.01), bFGF
(P = 0.01), RANTES (P < 0.01), GM-CSF (P < 0.01), VEGF (P <
0.01), ICAM-1 (P < 0.01), VCAM-1 (P < 0.01), and IP-10 (P <
0.01). The levels of TRAIL (P = 0.46), MCP-3 (P = 0.63), and
MIP-1a (P = 0.11) were not significantly decreased in eyes
with uveal melanoma compared with the levels of those cyto-
kines in the control eyes (Fig. 1). TNF-3 was expressed in only
two samples from control patients.

Since there was a significant difference in age between the
patients with uveal melanoma and the control group, we ap-
plied linear regression to study whether uveal melanoma or
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TaBLE 1. Patient and Tumor Characteristics

Age, y (mean *= SD) 58.5 * 14.9
Sex, n (%)

Male 21 (56.8)

Female 16 (43.2)
Eye, n (%)

Right 21 (56.8)

Left 16 (43.2)
Ciliary body involvement, 7 (%)

Not present 21 (56.8)

Present 16 (43.2)
Largest basal diameter, mm (mean *= SD) 13.4 = 3.0
Prominence, mm (mean * SD) 7.1 27
Tumor size according pTNM (7th edition), 7 (%)

T1 411D

T2 11 (30.6)

T3 20 (55.0)

T4 1(2.8)
Cell type, n (%)

Spindle 9(24.3)

Mixed + Epithelioid 28 (75.7)
Macrophage Density IHC), n (%)

Low 12 (32.9)

Medium 15 (40.5)

High 10 (27.0)
Microvascular density, 7 (%)

First quartile 10 (27.0)

Second quartile 9 (24.3)

Third quartile 7 (18.9)

Fourth quartile 11 (29.7)
Chromosome 3 status, 7 (%)

Disomy 13 (35.1)

Monosomy 24 (64.9)
HC10, % of tumor cells (mean * SD) 442 + 328
HCA2, % of tumor cells (mean + SD) 46.5 + 31.7
HLA-DR, % of tumor cells (mean *= SD) 20.3 = 21.3
Follow-up, y (mean * SD) 48+23
Metastasis, 7 (%)

Not present 22 (59.5)

Present 15 (40.5)
Survival status, 7 (%)

Alive 17 (45.9)

Death due to metastasis 15 (40.5)

Death due to other causes 5 (13.5)

the difference in age between both groups contributed to the
observed significant differences in expression of cytokine lev-
els. After analysis, the presence of a tumor in the eye, not age,
was found to determine the higher level of expression of
cytokines (data not shown).

Mutual Correlation of Cytokines

Some cytokines correlated with each other—that is, patients
who had a high level of a certain cytokine in their AqH often
also had high levels of other cytokines and vice versa. GM-CSF,
RANTES, VCAM-1, VEGF, and IL-6 constituted one group with
correlations, as did MCP-1, MIP-1a, and MCP-3. This result
indicates that, in uveal melanoma, an inflaimmatory state can
exist with a coexpression of a cluster of cytokines (Supplemen-
tary Table S1, http://www.iovs.org/cgi/content/full/51/11/
5445/DC1).

Comparison of Cytokine Concentrations with
Clinical and Histopathologic Characteristics

We hypothesized that eyes with uveal melanoma showing the
so-called inflammatory phenotype’ would have higher levels of
inflammatory cytokines in the AqH than uveal-melanoma- con-
taining eyes without this phenotype. Since we had investigated
this set of uveal melanomas in a prior study,” we knew that
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these tumors had different characteristics based on known
prognostic factors. Therefore, we compared cytokine levels
with a series of markers that either determined the inflamma-
tory phenotype, such as the presence of macrophages and HLA
expression (HCA2, HC10, and HLA-DR), or variables that spe-
cifically determined prognosis, such as the presence of ciliary
body ingrowth, microvascular density, tumor size according to
the pTNM classification (AJCC, 7th edition),* epithelioid cells,
and monosomy of chromosome 3.

Macrophages in Uveal Melanoma. The presence of mac-
rophages was determined with standard CD68 IHC staining on
paraffin-embedded sections in all 37 patients: 32% of the tu-
mors had a low amount of macrophages according to the
classification of Mikitie et al.,'* 41% had a medium amount,
and 27% had a high amount (Table 1). From 30 of the 37
patients, sufficient AqH was available to perform IF on the
markers CD68 and CD163 to determine the number of M2
macrophages, which express both antigens. IF was performed
by analyzing the sections with image-calculation software, after
visualization with confocal microscopy. The results on CD68™
cells obtained by binary analysis with the image-calculation
software of the IF staining were in accordance with the CD68
IHC staining (ANOVA test, P < 0.01).

The density of CD163" M2 macrophages was associated
with the quantity of CD68" macrophages, as determined by
IHC staining (ANOVA test, P < 0.01) and also correlated
significantly with CD68" macrophage staining with IF (Spear-
man’s p = 0.91, P < 0.01).

Cytokine levels were compared with the densities of
CD6S8™, CD163™, and CD68"/CD163" macrophages. A corre-
lation was observed between CD68™ density and the level of
the cytokine MCP-3 (P = 0.03 and P = 0.02, respectively;
Table 2, Fig. 2). None of the other cytokines or chemokines
showed a correlation with the intratumoral density of M2-type
macrophages.

Other Prognostic Parameters in Uveal Melanoma. We
wondered whether there was a correlation between the pres-
ence of any of the cytokines and specific prognostic parame-
ters (Table 3). Since TNF-3 was expressed in only two patients,
it was not included in the analysis. Correlations were observed
between some individual cytokines and a few prognostic fac-
tors: increased IL-6 and MIF expression was found to correlate
with ciliary body involvement (both P = 0.04) and the pres-
ence of the epithelioid cell type (P = 0.03). The presence of
TRAIL and GM-CSF was associated with a higher HLA class IT
expression (HLA-DR staining), and, with regard to tumor size,
a higher RANTES expression correlated with a larger basal
diameter (P = 0.03) and the presence of measurable VEGF
with a higher prominence (P = 0.02).

Predictive Value of Cytokines for Survival
We also studied whether cytokine levels were predictive of
survival. With Cox regression, we determined the hazard ratio
for a decreased survival in the presence of increased expres-
sion of any of the cytokines. None of the cytokines was pre-
dictive of survival (Table 3).

Di1sCUSSION

Other studies have indicated alterations in the blood-aqueous
barrier in eyes containing uveal melanoma. Kiichle et al.,*
using a laser flare cell meter, showed that eyes containing uveal
melanoma had an increased aqueous flare compared with eyes
containing a benign nevus and with normal eyes. An increased
flare correlated with higher tumor height, serous retinal de-
tachment, tumor necrosis, and lymphocytic tumor infiltration.
Proteomic analysis of AqH showed a difference in protein
constitution between AqH from melanoma-containing eyes and
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eyes undergoing surgery for cataract,? but the identity of the
precise proteins is as yet unknown. Therefore, changes in the
AqH take place when a uveal melanoma develops in the eye.
We demonstrated in the current study that, in uveal melanoma-
containing eyes, several chemotactic cytokines are highly ex-
pressed in the AqH, when compared with their expression in
control eyes.

Many studies have elaborated on the expression of cyto-
kines in the AqH of eyes with uveitis, which primarily is an
inflammatory disease. In idiopathic acute anterior uveitis, AqH
shows increased levels of various proinflimmatory cytokines
such as IL-6, MCP-1 (CCL2), and IFN-y.>” Other cytokines, such
as TGFB2 and CXCL12, have been found to be decreased in
cases of severe inflammation.”® In a study using a multiplex
immunoassay, van Kooij et al.>* not only observed increased
levels of IL-6 and -8 in the AqH of uveitis patients, but also of
soluble vascular cell adhesion molecule (sVCAM), IP-10, and
RANTES. Several leukocyte-attracting chemokines have been
found specifically in acute inflammation: IL-8 (CXCLS, a re-
cruiter of neutrophils), MCP-1 (CCL2), and MIP-18 (CCL4),
both of which are known to attract monocytes.>® In the

melanoma cataract

line: the mean in each group.

present study many of these uveitis-related cytokines were also
increased in the AqH of uveal melanoma eyes.

The presence of intraocular lymphoma is associated with
specific cytokine levels that differ in concentration from those
in uveitis. In lymphoma, the ratio of IL-6 to IL-10 is lower than
1.0, whereas in uveitis it is vice versa. In our cases of uveal
melanoma, on average, the concentration of IL-6 was higher
than that of IL-10, indicating that the ratio observed with
lymphoma is not the general rule in malignancies. The cytokine
pattern in uveal melanoma is an indicator of inflammation, but
it is not specific.

Although, in general, the AqH of uveal melanoma- contain-
ing eyes showed a pattern corresponding to inflammation,
quite a lot of variation was observed in the cytokine levels.
When correlating individual cytokine levels with clinical pa-
rameters and prognostic parameters, including those that are
part of the inflammatory phenotype, we noticed that almost no
cytokine was associated with any of those. The occurrence of
some sporadic associations may have been the result of our
setting P = 0.05 for significant associations. Since we tested 15
cytokines in our set, it is likely that a significant association
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correlation

Test Applied
Spearman’s

Spearman’s
P

VCAM-1
0.61 ANOVA
0.33

Cytokines
IP-10 MCP-1 MIP-1a RANTES VEGF MCP-3 MIF TRAIL ICAM-1
0.32 0.23 0.41 0.06 0.25 0.03 0.54 0.11 0.41
0.40 0.68 0.26 0.41 0.14 0.02 0.97 0.42 0.08

GM-CSF
0.22
0.08

bFGF
0.60
0.99

IL-10
0.73
0.09

IL-6
0.33
0.80

TABLE 2. Correlation between Cytokines and CD68" Macrophages or CD68" CD163 " M2-type Macrophages

CD68™ macrophages with THC
CD68" macrophages with IF

—
—

0.13 0.22 0.79 0.68 0.48 0.14 0.07 0.73 0.62 0.18 0.61

0.67

CDG68" CD163" M2 type

correlation

macrophages IF

Correlations between cytokines and CD68+ macrophages were determined using IHC in 37 cases and IF staining in 30 cases. Macrophages determined by IHC were categorized as low, medium,

and high concentrations, whereas with IF, the macrophages were scored as the area (pixels) that stained positive. P-values shown in bold are significant.
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FIGURE 2. Expression of the cytokine MCP-3 versus the three groups
of CD68 THC (A, horizontal line represents the mean) and correlation
with CD68 IF (B) and CD68 and CD163 IF (C) staining. Significant
associations or correlations were observed between both types of
CDG68 staining and MCP-3.

would have been found, without a biologically relevant expla-
nation. Similar to Missotten et al.,'® we found a correlation of
the cytokine VEGF with tumor prominence. We recently
showed that in uveal melanoma, VEGF is upregulated by isch-
emia.®>" It may be that thicker tumors have less oxygenation,
leading to an increased VEGF production. One could doubt
whether the levels of cytokines in the AqH are a good repre-
sentation of the presence of cytokines in the posterior eye.
However, Boyd et al.'> showed good correlation between
VEGF levels in AqH and vitreous.

Nevertheless, some of the strong associations found in our
cytokine set have also been described for other cell types. We
found that increased levels of GM-CSF and TRAIL correlated
with HLA-DR expression. GM-CSF is one of the stimulating
cytokines for myeloid cells, such as macrophages, causing
them to express MHC class II (HLA-DR) at a high level.>* This
effect helps to stimulate antigen presentation to CD4 " T-helper
cells and TRAIL secretion, killing hostile cells by apoptosis.>®

Furthermore, we found that the presence of the proinflam-
matory cytokine IL-6 correlated with GM-CSF. Recently, an
article has been published on GM-CSF production by activated
T cells, leading to recruitment of macrophages producing
IL-6.>* This proinflammatory cytokine attracts more inflaimma-
tory cells, leading to a self-perpetuating macrophage-T-cell
loop in inflammatory environments. We know from a previous
study in our laboratory that macrophage infiltration, HLA ex-
pression, and CD3" T cell lymphocytes are associated with
decreased survival.'' We found that the cytokines are not
associated with HLA expression and macrophage infiltration. It
is known that T lymphocytes are capable of producing cyto-
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TABLE 3. Correlations and Associations between Cytokines and Clinical and Histopathologic Parameters and between Cytokines and Survival

Cytokines

Test Applied

IL-10 bFGF GM-CSF IP-10 MCP-1 MIP-l« RANTES VEGF MCP-3 MIF TRAIL ICAM-1 VCAM-1

IL-6

t-Test

0.11
0.86
0.83
0.51

0.16
0.78
0.74
0.99

0.22
0.84
0.73
0.92

0.04
0.40
0.26
0.31

0.30
0.91
0.58
0.99

0.21
091
0.02
0.77

0.05
0.03
0.81
0.50

0.08
0.32
0.74
0.88

0.26
0.43
0.43
0.54

0.81

0.05
0.06
0.55
0.98

0.13
0.31
0.38
0.10

0.60
0.39
0.63
0.40

0.04
0.13
0.67
0.71

Ciliary body ingrowth

Spearman’s correlation

44
0.94
0.48

0.

Largest basal diameter

Prominence

Spearman’s correlation

ANOVA

Tumor size pTNM

(7th edition)
Presence of

0.47 0.89 0.28 0.47 0.91 0.69 0.96 0.80 0.02 0.86 0.22 0.36 0.96 t-Test

0.77

epithelioid cell type
Microvascular density

Presence of

ANOVA

t-Test

0.70
0.30

0.33
0.11

0.39
0.22

0.79
0.94

0.08
0.13

0.81
0.77

0.08
0.31

0.15
0.08

0.33
0.50

0.42
0.46

0.82
0.52

0.42
0.63

0.69
0.40

0.21
0.48

monosomy 3
HLA class I with

Spearman’s correlation

0.13 0.97 0.08 0.93 0.19 0.64 0.56 0.59 0.20 0.18 0.15 0.59

0.40

0.72

HC10 staining
HLA class I with

Spearman’s correlation

0.60 0.15 1.00 0.49 0.13 0.12 0.08

0.85

0.74 0.78 0.56 0.39

0.39

091

HCAZ2 staining
HLA Class II with

Spearman’s correlation

0.23 0.03 0.80 0.55 0.46 0.11 0.75 0.03 0.95 0.01 0.27 0.78

0.97

0.26

HLA-DR staining
Survival analysis

Cox regression

0.40 0.06 0.40 0.71 0.31 0.65 0.39 0.94

0.30

0.16

0.92 0.47 0.99

0.21

P-values shown in bold indicate a significant correlation.
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kines*>°; therefore, the levels of cytokines could be represen-

tative of T-lymphocyte infiltration.

As chemotactic attraction of immune cells into the eye is
mediated by cytokines, we expected that the level of infiltrat-
ing macrophages and the specific tumor-promoting subtype of
M2 macrophages would be associated with a higher expression
of the chemotactic cytokines in the AqH. We found no corre-
lation between the amount of cytokines expressed in the AqH
and the number and subtype of macrophages. Apparently, the
inflammatory cytokines found in the AqH do not determine the
macrophage infiltration in a tumor or vice versa.

An explanation of our finding that cytokines are not repre-
sentative of the presence of (M2-type) macrophages and the
inflammatory phenotype of the tumor can be that not the
tumor but surrounding tissue secretes the cytokines in the AqH
(e.g., the retinal pigment cells or leukocytes),>”"*® due to the
inflammatory process. We have observed that both tumor cells
and the surrounding tissue can produce VEGF, leading to high
amounts in the eye.'® Apparently, the presence of melanoma
leads to the production of an abundance of proinflammatory
cytokines that promote the tumor’s survival by creating a new
microenvironment that clearly differs between a diseased eye
and a cataractous eye. This expression would be a point of
interest from a therapeutic viewpoint, since targeting the pro-
duction of cytokines could then become a treatment for the
tumor in the eye.

Another explanation of the absence of correlations be-
tween cytokines and leukocytes could be that macrophages
and other immune cells do not require cytokines to be
recruited into the eye. Macrophages and other cells of the
innate system may also respond to ischemic or necrotic
tumor cells, leading to infiltration macrophages, for exam-
ple, by HIF-1a triggering.>®

In our study of whether a higher expression of cytokines is
associated with a better or worse survival, we observed no
prognostic value of individual cytokines in this dataset. We
were not able to identify a specific set of cytokines that would
determine the bad or good prognosis of a tumor. We will
therefore continue to rely on obtaining tumor tissue to deter-
mine important prognostic factors such as monosomy of chro-
mosome 3 or mRNA gene expression analysis.**°
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