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ABSTRACT

Purpose: The role of T regulatory (Treg) cells in blunting immune response to cancer appears to be significant, but the presence of
Treg cells in uveal melanoma has not been extensively examined. We therefore evaluated the presence of tumor-infiltrating Treg cells
in uveal melanomas.

Methods: A retrospective search of Mayo Clinic records from 2000 to 2005 was performed to identify cases of eyes enucleated as a
consequence of uveal melanoma. Histologic examination included location of the tumor, presence of emissary canal invasion, direct
sclera extension, extraocular extension, cell type and predominant cell type, mitotic figures per 40 high-power fields, lymphocytic
tumor invasion, necrosis, microvascular pattern, and presence of CD3, CD4, CD25, and Foxp3cells. Factors obtained by chart review
were also evaluated, including clinical size and ultrasound thickness of tumor before enucleation, patient age at time of enucleation,
systemic evaluation for metastatic disease both before and after enucleation, monosomy 3, and systemic status at last patient visit.

Results: Of 42 enucleated eyes, 17 (40.5 %) were found to have lymphocytic infiltrate and 5 (11.9%) were considered positive for the
presence of Treg cells (CD3+CD4+CD25+Foxp3+ or CD3+CD4+CD25-Foxp3+). Thus 29.4% (5 of 17) of those with lymphocytic
infiltates had Treg cells, and 4 of the 5 with Treg cells had a large lymphocytic infiltrate (>1400 CD3 cells). When using “death due to
disease” as the hazard ratio (HR) end point, the HR for presence of CD3 was 5.5 (P = .03) and for clinical size, 1.2 (P = .03).
Furthermore, when using “presence of metastasis” as the end point, the HR for presence of CD3 was 3.6 (P = .05) and for clinical size,
1.3 (P =.003).

Conclusion: Though T lymphocyte infiltration is a bad prognostic indicator, Treg cells are rarely seen in enucleated choroidal
melanoma, so their local effect may be limited in contradistinction to other cancers.
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INTRODUCTION

Uveal melanoma, the most common primary intraocular malignancy, traditionally has responded poorly to chemotherapy; thus
prevention and early detection are hallmarks of therapy.' Results of the Collaborative Ocular Melanoma Study (COMS) included
guidelines to aid in management decisions regarding uveal melanoma.?® Some studies have suggested that the presence of tumor-
infiltrating lymphocytes is associated with a poor prognosis for uveal melanomas.®’ In one study,® tumors containing prominent
lymphocytic infiltrate had a higher 15-year mortality when compared to tumors with low lymphocytic infiltrate. Recent studies have
evaluated the role of a specific type of cellular immune infiltrate—T regulatory (Treg) cells—which appears to be associated with a
worse prognosis in a number of cancers. The role of Treg cells in blunting the body’s immune response to cancerous cells and
preventing autoimmune and hypersensitivity reactions has been studied in mouse models and human disease.**® Treg cells are
considered T cells that are positive for CD4, CD25, and Foxp3.***® Foxp3 is generally considered the most reliable marker for Treg
cells; however, cells that are CD25+Foxp3- are still considered Treg cells.”® These differences in immunophenotype reinforce the
apparent heterogeneity of Treg cells. In cutaneous melanoma, biopsies of lymph nodes that were positive for metastatic disease have
shown an increased number of Treg cells when compared to controls.’® In addition, Tregs have been found in the circulation.”* The
presence of Treg cells in uveal melanoma lymphocytic infiltrates has not been studied. This knowledge may contribute to
understanding the role of the host’s immune response in the progression, prognosis, and response to treatment of uveal melanoma.?

The purpose of this study was to demonstrate the presence of tumor-infiltrating Treg cells by means of histologic examination and
immunophenotyping of tissue samples from 42 eyes enucleated on account of uveal melanoma.

METHODS

Mayo Clinic Institutional Review Board approval was obtained for this study. A computer-based search of Mayo Clinic patient
records from January 2000 to December 2005 was performed to identify all cases of eyes enucleated as a consequence of uveal
melanoma. A retrospective review of the patients’ medical records and a histologic review of all specimens were performed.
Demographic information from the patients’ charts included patient age, sex, laterality of the enucleated eye (left or right), visual
acuity prior to surgery, and follow-up including development of metastases and mortality. The cases were randomly assigned a
number to ensure patient confidentiality.

The clinical size of tumor was determined on the basis of the ophthalmic electronic record or prior written record in association
with the findings on ultrasound (A-scan and/or B-scan) performed closest to the time of enucleation. In a few cases there was no
mention of clinical size in the patient record, and size was then determined by means of drawings and imaging. In all cases ultrasound
was performed within 2 months of enucleation. Tumors were categorized according to their location as originating from the posterior
choroid, peripheral choroid, or ciliary body. Tumors that straddled the equator were considered to originate from the posterior choroid.
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One tumor extended from the ciliary body to the peripheral choroid. Any tumor that involved both iris and ciliary body was
considered to be a ciliary body tumor.

Systemic evaluation before enucleation consisted of laboratory tests to detect elevated liver enzyme levels (aspartate
aminotransferase, alanine aminotransferace, alkaline phosphatase, and gamma—glutamyl transpeptidase), computed tomography (CT),
and/or CT/positron emission tomography (PET). If CT scan findings were questionable for metastatic disease, patients underwent liver
ultrasound, liver biopsy, or both. In a few cases no preenucleation studies were available in the Mayo Clinic records. Results of chest
x-rays and other imaging studies were also reviewed. The presence of liver metastasis was considered metastatic disease. Other organ
involvement was considered extensive metastatic disease, because no records showed involvement of other organs without hepatic
involvement.

Data on postenucleation systemic evaluation and follow-up were not available for all patients, because some patients ended their
care at Mayo after enucleation and elected to have their clinical course followed by their local ophthalmologist or oncologist. Systemic
evaluation after enucleation was similar to that done before enucleation. In some cases, where the actual systemic evaluation results
were not available, the notes and comments in the ophthalmology records describing the results of the systemic evaluation were
substituted for viewing the results of laboratory and imaging tests. The terminology used to describe metastatic disease was the same
in preenucleation and postenucleation evaluations.

Last date of follow-up was defined as the last date the patient was seen by or had recorded contact via phone or mail by Mayo
healthcare personnel. Each case was assigned to one of the following 6 categories based on follow-up data: alive without metastatic
disease (AWOD); alive with metastatic disease (AWD); dead without evidence of metastatic disease (DWOD); dead with evidence of
metastatic disease (DWD); lost to follow-up (LTF); and dead metastatic status unknown (DMU). It was assumed that if a patient was
found to have metastatic disease and subsequently died, the patient died with metastatic disease. It was also assumed that if a patient’s
last systemic workup was negative, the patient was disease-free regardless if dead or alive. The category DMU was used only when a
patient was known to have died but no records regarding metastatic evaluation and no comments regarding metastatic disease could be
found. The category LTF was used when a patient had not been seen 6 months after enucleation, no record of his or her progress was
discovered, and the patient was not known to have died within 6 months of the surgery.

All enucleated eyes had been fixed in neutral buffered formalin for a minimum of 48 hours, submitted to gross examination, and
embedded in paraffin for histologic processing. At initial histologic examination, the features recorded for each specimen included the
cell type, tumor location, presence of emissary canal invasion, direct scleral extension, extraocular extension, presence of mitotic
figures per 40 high-power fields, presence of a tumor-related lymphocytic infiltrate, tumor necrosis, and the type of microvascular
pattern.

For this study, immunoperoxidase staining was performed with monoclonal antibodies against CD3 (clone PS1; Novocastra,
Newcastle, United Kingdom), CD4 (clone 4B12; Novocastra), CD25 (clone 4C9; Novocastra), and Foxp3 (clone 236A/E7;
Abcam/Novus, Cambridge, Massachusetts). All antibodies were applied to 4-um sections of tissue with standard
immunohistochemical techniques, with adequate positive and negative controls.

Cases were reviewed by two of the authors (E.L. and D.R.S.) in the following order: hematoxylin and eosin, control, CD3, CD4,
CD25, and Foxp3. Hematoxylin and eosin staining was reviewed for the presence of a tumor-associated lymphocytic infiltrate and any
histologic features that were lacking from the surgical pathology reports. CD3 immunostaining was used to confirm the presence of a
lymphocytic infiltrate; this was reported as absent, focal (single cluster of lymphocytes), multifocal (multiple clusters of lymphocytes),
or diffuse (lymphocytes seen throughout tumor). CD3, CD4, and CD25 stained slides were considered positive if intense membranous
staining was seen. Foxp3 was considered positive if intense nuclear staining was seen. Cell counts were obtained by counting
individual cells for focal and multifocal infiltrates. For diffuse infiltrates, 3 high-power fields that were representative of the tumor
were averaged, then the number of high-power fields with infiltrate was counted and multiplied by the average. The percentage of
positive cells for each marker was also determined. Figures 1 and 2 are examples of staining patterns.

FIGURE 1

Case 26. Staining patterns (400x magnification):
hematoxylin and eosin (top), CD3 immunostain (middle
left), CD4 (middle right), CD25 (bottom left), and Foxp3
(bottom right). Note the lack of staining on the CD25
slide.
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FIGURE 2

Case 15. Staining patterns (400x magnification):
hematoxylin and eosin (top), CD3 immunostain (middle
left), CD4 (middle right), Foxp3 (bottom left), and CD25
(bottom right). Note the membranous staining of CD3,
CD4, and CD25 as well as the nuclear staining of Foxp3.

One of the authors (E.T.) performed in situ hybridization studies in paraffin-embedded tissue using probes for monosomy 3.
Results were reported as positive or negative for monosomy 3 according to the percentage of tumor cells showing this abnormality.
The cutoff in our laboratory for a negative result is <23% of cells.

Statistical analysis with chi-square tests was performed to compare groups with categorical variables. Continuous variables were
compared between groups using t tests or rank sum tests. Prognosis end points of death and death due to disease or metastasis were
estimated using the Kaplan-Meier method. Risk factors for these end points were evaluated using proportional hazard models.
Statistical significance was placed at P < .05.

RESULTS

A total of 44 cases of archived paraffin-embedded tissues and glass slides from 44 cases of uveal melanoma at the Mayo Clinic met
the criteria. Two of these cases were omitted from the study because of insufficient tissue remaining in the paraffin blocks to perform
the additional studies. Of the remaining 42 cases, 20 were left eyes and 22 were right eyes. The specimens were from 21 men and 21
women, whose average age at enucleation was 60.1 years (range, 30-84 years). For men, the average age at enucleation was 65.4 years
and for women, 54.9 years.

Of the 42 specimens, tumor-associated lymphocytic infiltrate was found in only 17 (40.5 %). The lymphocytic infiltrate was
considered focal in 11 cases, multifocal in 3, and diffuse in 3. It was present in the specimens of 10 of 21 women (48%) and 7 of 21
men (33%); this difference was not statistically significant (P = .34).

The average cell count for CD3+ focal infiltrate was 41.3 (range, 8-84) (see Table). Average cell count for the nonfocal (multifocal
or diffuse) CD3 infiltrate was 1214 (range, 204-1680). CD4 positivity was present in 4 of 11 (36%) of the focal group and 4 of 6
(67%) of the nonfocal group. The 2 cases that were positive for CD3 lymphocytic infiltrates, but negative for CD4, were multifocal
infiltrates. The average percent of CD3 cells positive for CD4 in the focal group was 31.9% and in the nonfocal group, 17 %. No cells
were negative for CD4 and positive for either CD25 or Foxp3. The presence of CD25 was observed in 2 cases with nonfocal
infiltrates, and as expected, the percentage of positive CD25 cells was lower than the percentage of positive CD4 cells in these cases
(20% CD25+ vs 33% CD4+, and 5% CD25+ vs 7% CD4+). CD25 was not present in any of the cases with focal infiltrates. One case
with focal infiltrate had cells positive for Foxp3 (9 total cells, 17.3% of CD3). All 4 cases with nonfocal infiltrates had cells positive
for CD4 and also cells positive for Foxp3, with nearly identical percentages. Thus, of the 42 cases, 17 cases had the presence of a
tumor-associated lymphocytic infiltrate, and 5 cases were considered positive for the presence of Treg cells
(CD3+CD4+CD25+Foxp3+ or CD3+CD4+CD25-Foxp3+). Treg cells were present in 11.9% of all cases studied (5 of 42) and in
29.4% of the tumors that had lymphocytic infiltrate (5 of 17). Of the 5 tumors that were positive for Treg cells, 4 had a large
lymphocytic infiltrate (>1400 CD3 cells). There were too few cases with Treg cells to show statistical significance with histologic
features.

When comparing cases with the presence of Treg cells, 2 cases of the Treg-positive tumors were from male and 3 were from
female patients. The average age at enucleation for all 42 patients was 60.1 years (range, 30-84 years), whereas the average age at
enucleation for patients with Treg-positive tumors was 53.4 years, though this was not statistically significant.

The base dimensions were available or could be calculated for 39 of the 42 eyes. Average base area based on clinical data and
measurements was 203 mm? (range, 36-480 mm?). Average base area for the tumors that were positive for Treg cells was 246.6 mm?
(range, 143-324 mm?). Ultrasound tumor thickness was also available for all patients. Average tumor thickness on ultrasound was 7.7
mm. For Treg-positive tumors, average thickness was 9.7 mm. Average volume for all tumors was 1563 mm®. Average tumor volume
for Treg-positive tumors was 2392 mm?. There was a relationship between pathologic size and the presence of CD3 approaching a
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statistically significant relationship between clinical size and the presence of CD3 cells with larger tumors having CD3 cells present
(1983 + 930 vs 1835 + 2458; P = .07). The presence of CD4 was significantly related only to clinical size; larger tumors had a greater
chance of having CD4-positive cells (2239 + 539 vs 1807 + 2183; P = .05). CD25 and Foxp3 relationships were not significant
because of the small number of cases with positive cells for these 2 markers.

TABLE. RESULTS OF IMMUNOSTAINING IN 17 CASES POSITIVE
FOR LYMPHOCYTIC INFILTRATE

CASE LYMPHOCYTIC CD3 CDs3 CD4 CD4 CD25 CD25 Foxp3 Foxp3
NO. INFILTRATIONON COUNT 9% COUNT % COUNT %  COUNT %
HE

1 Focal 8 8 0 0.0 0 0.0 0 0.0

8 Focal 45 100 0 0.0 0 0.0 0 0.0

9 Focal 28 100 0 0.0 0 0.0 0 0.0
12 Focal 48 100 0 0.0 0 0.0 0 0.0
15 Diffuse and multifocal 1500 100 500 33.3 300 20.0 500 33.3
18 Diffuse 1650 100 120 7.3 90 55 100 6.1
19 Focal 54 100 0 0.0 0 0.0 0 0.0
24 Multifocal 204 100 0 0.0 0 0.0 0 0.0
25 Diffuse 1680 100 300 17.9 0 0.0 290 17.3
26 Multifocal 1452 100 150 10.3 0 0.0 150 10.3
27 Focal 60 100 28 46.7 0 0.0 0 0.0
28 Focal 84 100 10 11.9 0 0.0 0 0.0
30 Multifocal 800 100 0 0.0 0 0.0 0 0.0
34 Focal 22 100 0 0.0 0 0.0 0 0.0
38 Focal 10 100 5 50.0 0 0.0 0 0.0
41 Focal 43 100 0 0.0 0 0.0 0 0.0
42 Focal 52 100 10 19.2 0 0.0 9 17.3

HE, hematoxylin and eosin.

One patient (case 30) had evidence of metastatic disease before enucleation. This patient had biopsy-proven hepatic and
extrahepatic metastasis as well as extraocular extension. On histologic examination, the tumor was mixed-cell type and negative for
monosomy 3. There were no Treg cells associated with this tumor. The patient died of metastatic disease

At the time of this data collection, 11 (29%) of the 42 patients were classified as DWD, 20 (47%) as AWOD, 4 (9%) as LTF, 4
(9%) as DWOD, 2 (5%) as DMU, and 1 (2.4%) as AWD. However, the patient classified as AWD had transferred care 2 years
previously and could possibly be DWD. Of the cases with Treg-positive cells, 2 were classified as DWD, 2 as AWOD, and one as
DWOD. The patient in the DWOD category died of metastatic primary prostate cancer.

Histologically, 13 tumors were spindle-cell type, 22 were mixed-cell type, and 7 were epithelioid. Of the cases with Treg-positive
cells, 3 were mixed-cell type, 1 was spindle-cell type, and 1 was epithelioid. Of the mixed-cell type, 9 were classified as AWOD
(41%), 7 as DWD (32%), 2 as DWOD (9%), 2 as LTF (9%), 1 as AWD (4%), and 1 as DMU (4%). Of the tumors with spindle-cell
type, 8 were classified as AWOD (61%), 2 as DWD (15%), 2 as LTF (15%), and 1 as DWOD (8%). Of the tumors with epithelioid
cell type, 3 were classified as AWOD (43%), 2 as DWD (29%), 1 as DMU (14%), and 1 as DWOD (14%). As mentioned, there was
no relationship between cell type and the presence of a tumor-associated lymphocytic infiltrate. Extraocular extension was observed in
4 of the 42 cases (9%), including 1 of 5 cases with Treg-positive cells (20%). Two of these patients are AWOD, 1 is DWOD, and 1 is
DWD.

Monosomy 3 data was available for 39 cases, and 37 of these tumors showed monosomy 3 by fluorescence in situ hybridization.
Three of the 5 Treg-positive tumors had monosomy 3 data; 2 of the 3 (1 spindle-cell type, 1 epithelioid cell type) were positive and 1
was negative (1 mixed-cell type). The patient whose tumor was negative for monosomy 3 was AWOD, and the 2 patients with tumors
positive for monosomy 3 were DWD (1 with extrahepatic metastasis).

Twenty-two tumors were located in the posterior choroid (52.4%), 13 involved the ciliary body and peripheral choroid (30.9%), 4
were located in the peripheral choroid (9.5%), and 3 were considered ciliary body tumors (7.1%). Of the 22 patients with posterior
choroid tumors, 13 were AWOD (59.1%), 4 were DWD (18.1%), 3 were DWOD (13.6%), 1 was DMU (4.6%), and 1 was LTF
(4.6%). Of the 4 patients with peripheral choroid tumors, 1 was DMU (25%), 1 was LTF (25%), 1 was AWOD (25%), and 1 was
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DWD (25%). Of the 13 patients with tumors located in the ciliary body and peripheral choroid, 4 were AWOD (30.7%), 5 were DWD
(38.5%), 2 were LTF (15.4%), 1 was DWOD (7.7%), and 1 was AWD (7.7%).

Overall, the 4-year survival rate was 51% (95% confidence interval [Cl], 34%-76%) for all 42 patients in this study. The 4-year
survival free of death due to disease was 60% (95% ClI, 42%-86%). Survival free of any metastasis at 4 years was 57% (95% ClI, 40%-
83%).

Using death as an end point, hazard ratios (HRs) for proportional hazard models were calculated for CD3, CD4, CD25, Foxp3,
gender, cell type, age, and clinical size. The HR for the presence of tumor-related CD3-positive infiltrates was statistically significant
and increased the risk of mortality to 3.0 (P = .04). The HRs for cellular infiltrates positive for CD4, CD25, and Foxp3 were not
statistically significant owing to the small numbers of eyes in which these were present (HR, 1.3 [P =.15], 1.8 [P =.68],and 1.3 [P =
.66], respectively). Gender, age, pathologic size, and cell type did not show a statistically significant HR. Clinical size (1000-unit
increase) had a HR of 1.2 (P = .05). Thus, of the HRs, calculated clinical size and presence of CD3 (lymphocytic infiltrate) were
statistically significant, and both were associated with an increased risk of death.

This finding was reinforced when death due to disease was used as the end point for the HR: for presence of CD3 the HR was 5.5
(P =.03) and for clinical size the HR was 1.2 (P = .03). Furthermore, when presence of metastases was used as the end point, the HR
for presence of CD3 was 3.6 (P =.05) and the HR for clinical size was 1.3 (P = .003).

DISCUSSION

Our data show that both lymphocytic infiltrate and increased clinical size are associated with a worse prognosis. This finding is
consistent with existing literature regarding lymphocytic infiltrate and prognosis.®® Also, we noted that Treg cells were not commonly
found even in these melanomas that were mainly of the monosomy 3 form, which were the most aggressive. The few that had Treg
cells were present primarily in tumors with a large amount of infiltrating CD3-positive cells (80% of Treg-positive tumors were either
diffuse or multifocal).

The current understanding of Treg function is prevention of autoimmunity. Tumors are supposed to recruit them to help in down-
regulating the immune response to the cancer. However, our data show that with uveal melanomas, Tregs are not common.

One would expect that tumor with Treg infiltrates would tend to grow both faster and larger. It would also be logical to assume
that these tumors would present earlier in life than those without Treg+ cells present. In fact, in mouse models, inhibition of Treg cells
has been shown to not only aid in tumor regression and improved host response, but also to aid in the prevention of future tumor
growth by both direct and indirect means.*® Furthermore, it has recently been hypothesized that if the relative immune compromised
state that chemotherapy causes in a host can be counteracted by administration of immune reconstituting agents, the host’s body may
have improved response to treatment and be better able to naturally defend against the unwanted invader.”® However, blunting of Treg
activity, either by spontaneous mutation or intentional manipulation, is linked to increased autoimmune phenomena, hypersensitivity
activity, and IPEX (immunodysregulation, polyendocrinopathy, enteropathy, X-linked) syndrome.**?*? In addition, Treg cells have
been found in tumors of many cancers.’**3'* |n this study, Treg cells were found in 5 of 42 uveal melanomas. This relatively low
percentage would tend to point away from the conclusion of a universal mechanism of blunted response via Treg cells at the level of
the tumor itself. However, the presence of Treg cells in lymph nodes and in the circulation was not explored in this study because of
its retrospective nature, and possibly their presence in those locations is much more universal, as increased percentages of Treg cells
have been documented in metastatic melanoma lymph nodes.*

This study had other limitations besides not evaluating the Treg population in lymph nodes and the circulation. This was a
retrospective study, and though there was good follow-up, its findings need to be corroborated by larger prospective studies. In
addition, of the tumors examined, 5 were considered to be positive for Treg cells. Only two of these tumors stained for CD25, whereas
all stained for Foxp3. While multiple reports regarding CD4+CD25+Foxp3- staining cells were found, no reports could be found
regarding CD4+CD25-Foxp3+ cells.*"*"*° This finding is probably related to the superiority of Foxp3 when compared to CD25
staining and the difficulty in interpreting the membranous staining because of its similarity to the melanoma pigment. In addition,
other studies have used alternative techniques, such as confocal microscopy, for creating merged images for cell counting.® However,
singly immunostained slides, such as the ones used in this study, allow for careful examination of overlapping regions of consecutive
or near-consecutive cuts to count cells. Yet, because each stain is located on separate slides, the precision of the percentages reported
could be affected, even without cell count being affected. With dual-author review and examination of the number of negatively
stained lymphocytes on each slide, the possibility of inaccurate percentages was reduced. Another possible issue is that the small
number of tumors that were found to be positive for Treg cells may limit the extrapolation of trends and make it difficult to draw
conclusions regarding Treg cells.

In summary, we have corroborated that infiltration of lymphocytes in uveal melanomas is associated with a worse prognaosis. In
addition, we have shown that infiltration by Treg cells is a rare event even in the tumors with the worst prognosis. Further studies as to
why Treg cells are not found in uveal melanomas need to be performed.
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