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Abstract

Introduction: Uveal melanoma (UM) is the most common
primary intraocular malignancy in adults, and despite treat-
ment of the primary tumor, approximately 15%-50% of pa-
tients will develop metastatic disease. Based on gene ex-
pression profiling (GEPs), UM can be categorized as Class 1A
(low metastatic risk), Class 1B (intermediate metastatic risk),
or Class 2 (high metastatic risk). PReferentially expressed An-
tigen in MElanoma (PRAME) status is an independent prog-
nostic UM biomarker and a potential target forimmunother-
apy in metastatic UM. PRAME expression status can be de-
tected in tumors using reverse-transcription polymerase
chain reaction (RT-PCR). More recently, immunohistochem-
istry (IHC) has been developed to detect PRAME protein ex-
pression. Here, we employed both techniques to evaluate
PRAME expression in 18 UM enucleations. Methods: Tumor
material from the 18 UM patients who underwent enucle-
ation was collected by fine-needle aspiration before or dur-

ing enucleation and sent for GEP and PRAME analysis by RT-
PCR. Histologic sections from these patients were stained
with an anti-PRAME monoclonal antibody. We collected pa-
tient demographics and tumor characteristics and included
this with our analysis of GEP class, PRAME status by RT-PCR,
and PRAME status by IHC. PRAME IHC and RT-PCR results
were compared. Results: Twelve males (12/18) and 6 fe-
males (6/18) with an average age of 60.6 years underwent
enucleation for UM. TNM staging of the UM diagnosed Stage
lin 2 patients (2/18), Stage Il in 7 patients (7/18), Stage Ill in
8 patients (8/18), and Stage IV in 1 (1/18). GEP was Class 1A
in 6 tumors (6/18), Class 1B in 6 tumors (6/18), and Class 2 in
6 tumors (6/18). PRAME IHC showed diffusely positive label-
ing of all UM cells in 2/18 enucleations; negative IHC labeling
of UM cells in 9/18 enucleations; and IHC labeling of subsets
of UM cells in 7/18 enucleations. Eleven of the 17 UMs tested
for PRAME by both RT-PCR and IHC had consistent PRAME
results. In the remaining 6/17 cases tested by both modali-
ties, PRAME results were discordant between RT-PCR and
IHC. Conclusions: We find that PRAME IHC distinguishes
PRAME-positive and PRAME-negative UM tumor cells. Inter-
estingly, IHC reveals focal PRAME expression in subsets of
tumor cells consistent with tumor heterogeneity. PRAME RT-
PCR and IHC provide concordant results in most of our cases.
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We suggest that discordance in PRAME results could arise
from spatial or temporal variation in PRAME expression be-
tween tumor cells. Further studies are required to determine
the prognostic implications of PRAME IHC in UM.
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Published by S. Karger AG, Basel

Introduction

Uveal melanoma (UM) is the most common primary
intraocular malignancy in adults [1]. The mean age-ad-
justed incidence of UMs is 5.1 cases per million each year
in the USA with an average age of presentation between
the ages of 50 and 70 years [2]. The most common loca-
tion for UMs is the choroid (90%), followed by the ciliary
body (6%) and iris (4%) [3]. Radiation and enucleation
are standard treatment methods worldwide. Despite
treatment of the primary tumor, metastasis has been re-
ported in 15%-50% of the patients with UM depends on
the length of the study and location of the tumor [4-7].
The liver is the primary location for metastasis of UMs
[8]. Metastatic UMs respond poorly to treatment options,
including chemotherapy or targeted therapy, and are typ-
ically fatal within 1 year [1]. As such, extensive efforts are
being made to identify prognostic biomarkers for UM
metastasis risk and to identify molecular targets for im-
munotherapy of metastatic tumors [9].

Risk factors for UM include fair skin, light eye color,
inability to tan, ocular or oculodermal melanocytosis,
cutaneous or iris or choroidal nevus, and germline BR-
CAl-associated protein 1 mutation [10]. More recently,
molecular tests have been developed to evaluate the met-
astatic risk of primary UMs. Gene expression profiling
(GEP) can classify UMs into Class 1A (low metastatic
risk), Class 1B (intermediate metastatic risk), or Class 2
(high metastatic risk) [11-15] using genetic material ex-
tracted from needle biopsies of fresh UM tumor or for-
malin-fixed paraffin-embedded (FFPE) UM tumor sec-
tions. PReferentially expressed Antigen in MElanoma
(PRAME) expression in UMs also correlates with in-
creased risk for metastasis [16, 17], and a PRAME gene
expression test can be performed using extracted tumor
genetic material. However, additional studies are re-
quired to confirm the data, but it appears that molecular
testing predicts the risk of UM metastasis more precisely,
compared to histologic and anatomic features, especially
when the three-step GEP combined with PRAME ex-
pression are used to create a prognostic model [7, 14, 18,
19].
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PRAME was first identified as a cell surface protein
antigen highly expressed by metastatic cutaneous mela-
noma but not by most normal tissues [20]. Because of its
preferential expression in cutaneous melanoma cells,
PRAME has emerged as an attractive target for tumor im-
munotherapy with multiple clinical trials underway [21,
22]. In cutaneous melanomas, immunohistochemically
and GEP tests are both used to evaluate PRAME protein
and mRNA expression [23-26]. In UMs, PRAME gene
expression testing by reverse-transcription polymerase
chain reaction (RT-PCR) is routinely used but less is
known about the utility of PRAME immunohistochemis-
try (IHC) in UMs. Due to PRAMEs importance as a prog-
nostic biomarker for UM metastasis risk, along with
growing interest in therapeutic anti-PRAME targeting
for UM tumor immunotherapy, it is important to evalu-
ate the use of PRAME IHC in UM samples. We tested 18
UMs for PRAME expression by IHC and compared the
findings with PRAME RT-PCR testing performed on the
same tumors.

Material and Methods

UM Patient Cases

Eighteen patients underwent enucleation for UM between
2018 and 2021, and the clinicopathologic data were reviewed from
our institutional medical record database following IRB-approved
protocols. We extracted patients’ sex, age, laterality, and UM enu-
cleation tumor characteristics (TNM, margins, metastasis) (Ta-

ble 1).

PRAME RT-PCR and PRAME IHC

Seventeen out of 18 UM patients had Decision Dx-PRAME
testing performed at Castle BioScience Inc. (Friendswood, TX,
USA) using samples obtained by fine-needle aspiration (FNA). In
brief, Decision Dx-PRAME is a RT-PCR-based gene expression
test that analyzes mRNA levels of the PRAME gene relative to the
mean of 3 control genes from the UM specimen [16]. The relative
expression level of PRAME is compared to a validated threshold
that was derived from the PRAME expression values of 958 UM
tumors using a LOESS model [16]. Decision Dx-PRAME results
follow this protocol to classify the tumor as PRAME-positive or
PRAME-negative (Table 1).

IHC staining was performed on FFPE tissue blocks by auto-
mation from UM enucleations in all 18 cases. Pupil-optic nerve
cross-sections of the UM enucleations were stained for H&E
and MelMix (Ki67-MIB-1/HMB45 + A103 + T311; Dako &
Ventana M7240/790-4677; predilute) for histopathology diag-
nosis, staging, and to confirm the melanocytic origin of the tu-
mor cells. PRAME IHC was then performed on a serial adjacent
section of the UM using anti-PRAME antibody (EPR20330; Ab-
cam #219650, 1:125 dilution) with appropriate on slide negative
and positive controls from skin melanoma samples. UM cells
with PRAME-positive IHC expression showed strong uniform
nuclear IHC labeling (Fig. 1), whereas UM cells with PRAME-
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Table 1. Demographic and clinicopathologic characteristics of UM patients

Case Sex Age Tumor GEP class PRAME RT-PCR  PRAME IHC result Tumor Category Histo-
laterality result stage morphology

1 m 67 Left 1B Positive Positive - diffuse 3a 3 Mixed

2 m 49 Left 1A Positive Negative 2a 2 Mixed

3 m 80 Left 2 Positive Negative 2a 2 Epithelioid
4 m 50 Right 1B Positive Positive - focal 3a 3 Spindle

5 m 41 Left 2 Positive Negative 3d 3 Mixed

6 m 37 Left 1B Not performed  Positive - diffuse 1a 1 Epithelioid
7 m 72 Right 1A Negative Negative 3a 3 Epithelioid
8 f 66 Left 1B Positive Negative 2b 2 Spindle

9 m 66 Right 1B Negative Negative 2a 2 Spindle

10 m 69 Left 2 Positive Positive - focal 2b 2 Mixed

1 f 72 Right 2 Negative Negative 2a 2 Spindle

12 f 40 Right 2 Positive Positive - focal 3a 3 Epithelioid
13 m 72 Right 1B Positive Negative 1a 1 Spindle

14 m 62 Right 2 Negative Positive - focal 3a 3 Mixed

15 f 67 Left 1A Positive Positive - focal 4e 1 Spindle

16 M 38 Left 1A Positive Positive - focal 2a 2 Epithelioid
17 f 87 Left 1A Negative Negative 3a 3 Mixed

18 f 56 Right 1A Positive Positive - focal 3a 3 Mixed

Fig. 1. UM enucleation (case 1) with dif-
fusely positive PRAME IHC expression. a
Cross-section of enucleation at the pupil-
optic nerve shows choroidal melanoma tu-
mor toward the superior-posterior pole
(H&E stain). b High-power image of the
malignant melanoma cells in the tumor
(H&E stain). ¢ MART-1 immunolabeling
(red cytosolic staining) highlights melano-
ma cells. d PRAME immunolabeling
(brown nuclear staining) with diffuse im-
munolabeling of tumor cells. Nuclei in b-d
are counterstained with hematoxylin
(blue). Scale bars, 2 mm (a) and 20 um (b-
d).

negative IHC expression showed no nuclear labeling (Fig. 2).
Melanin pigment in UM cells was easily differentiated from
PRAME immunopositivity by the cytoplasmic subcellular loca-
tion and globular nature of melanin pigments versus the diffuse

PRAME Immunohistochemistry Labeling
in Uveal Melanomas
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PRAME labeling in the cell nucleus. Three pathologists re-
viewed all UM cases individually and, in a group, to establish
consensus about PRAME ITHC expression in each UM enucle-
ation.
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Fig. 2. UM with negative PRAME IHC ex-
pression (case 17). a Cross-section of enu-
cleation shows choroidal melanoma tumor
toward the posterior pole (H&E stain). b
High-power image of the malignant mela-
noma cells in the tumor (H&E stain). ¢
MART-1 immunolabeling (red cytosolic
staining) highlights melanoma cells. d
PRAME immunolabeling (brown nuclear
staining) is negative. Nuclei in b-d have
been counterstained with hematoxylin
(blue). Scale bars, 2 mm (a) and 20 um (b-
d).

Results

Clinicopathologic Characteristics of Primary UM

Cases

The clinicopathologic characteristics of 18 UM pa-
tients were retrospectively reviewed in this IRB-approved
study. These included 12 (67%) males and 6 (33%) fe-
males, with an average age of 60.6 years at the time of di-
agnosis (range 37-87). All patients underwent enucle-
ations from 2018 to 2021. The UM enucleation histopath-
ologic findings regarding TNM stage, category, and
histologic cell type (epithelioid, spindle) are listed in Ta-
ble 1. The mean follow-up period following enucleation
was 18 months. Liver metastases were identified in 2/18
cases during follow-up. Case 6 developed liver metastasis
43 months after the initial diagnosis of UM with a GEP
Class 1B (Table 1). Case 11 also developed liver metastasis
16 months after diagnosis of UM with a GEP Class 2 (Ta-
ble 1). PRAME IHC was performed on FFPE sections
from all 18 UM enucleations.

UMs with Diffusely Positive PRAME IHC

Two of the 18 UM enucleations, cases 1 and 6, showed
strong PRAME nuclear expression in virtually all tumor
cells (Fig. 1; Table 1) and were classified as Class 1B by
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GEP (Table 1). The UM tumor from case 1 was PRAME-
positive by RT-PCR with no liver metastasis during the
follow-up period of this study. The UM tumor from case
6 developed liver metastasis shortly after diagnosis and
was not tested for PRAME by RT-PCR (Table 1).

UMs with Negative PRAME IHC

Nine of the 18 UM enucleations showed no PRAME
nuclear immunohistochemical labeling in melanoma
cells (Fig. 2; Table 1). Four of the 9 PRAME IHC-negative
UMs (cases 7, 9, 11, and 17) were also PRAME-negative
by RT-PCR (Table 1). Cases 7 and 19 were Class 1A by
GEP; case 9 was Class 1B; and case 11 was GEP Class 2
(Table 1). Case 11 developed liver metastasis during the
follow-up period of this study.

The other 5 of the 9 PRAME IHC-negative tumors
(cases 2, 3, 5, 8, and 13) were PRAME-positive by RT-
PCR (Table 1). Case 2 showed a Class 1A GEP; cases 3 and
5 were Class 2 GEP; and cases 8 and 13 were Class 1B GEP
(Table 1).

UMs with Focally Positive PRAME IHC

Seven of the 18 UM enucleations in our current study
(cases 4, 10, 12, 14, 15, 16, and 18) showed focal mela-
noma cell labeling by PRAME IHC where PRAME IHC-
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Fig. 3. UM with focally positive PRAME
expression (case 16). a Cross-section of
enucleation shows choroidal melanoma
tumor toward the inferior pole (H&E
stain). b Low-power image of the malig-
nant melanoma cells in the tumor (H&E
stain). c MART-1 immunolabeling (red cy-
tosolic staining) highlights the tumor cells.
d-f Focally positive PRAME immunola-
beling with intermixed PRAME-positive
(brown nuclear staining) and PRAME- b .
negative tumor cells (no brown nuclear

staining) present in the same enucleation.

Nuclei in (b-f) have been counterstained " v
with hematoxylin (blue). Scale bars, 2 mm ‘e. . »
(a), 50 um (b-d), and 10 um (e, ). v .

positive and PRAME IHC-negative UM cells were found
within the same tumor (Fig. 3, 4). In some of these UMs
with focal PRAME antibody immunopositivity, the
PRAME IHC-positive and PRAME ITHC-negative UM
cells form separate clusters which are spatially recogniz-
able areas (Fig. 3). In other UMs, the PRAME-positive
and PRAME-negative cells were more intermixed and do
not form spatially recognizable areas (Fig. 4). Expression
of the melanoma marker (MART-1) confirmed all
PRAME-positive and PRAME-negative neoplastic cells
were of melanocytic origin (Fig. 3, 4). We described
PRAME expression in these UM cases as being variably
positive with some showing separate populations of pos-
itive cells and some showing intermixed individual posi-
tive cells (Table 1).

PRAME Immunohistochemistry Labeling
in Uveal Melanomas
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PRAME RT-PCR testing of these cases with focal
PRAME-positive IHC labeling showed PRAME-positive
by RT-PCR in 6 of 7 cases (Table 1). Case 14 was the only
focal PRAME THC-positive case where the RT-PCR re-
sult was PRAME-negative (Table 1). None of the UM cas-
es with focal positive PRAME IHC expression developed
metastases in the follow-up period.

Discussion

Since PRAME is an important prognostic molecular
biomarker for aggressive UMs [18, 27], it is important to
characterize the best way to determine PRAME expres-
sion. PRAME status is commonly determined by RT-
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Fig. 4. UM with focally positive PRAME
expression (case 14). a Cross-section of
enucleation shows choroidal melanoma
tumor toward the inferior pole (H&E
stain). b Low-power image of the malig-
nant melanoma cells in the tumor (H&E
stain). c MART-1 immunolabeling (red cy-
tosolic staining) highlights the tumor cells.
d-f Focally positive PRAME immunola-
beling (brown nuclear staining) with inter-
mixed PRAME-positive and PRAME-neg-
ative tumor cells in the same enucleation.
Nuclei in (b-f) have been counterstained
with hematoxylin (blue). Scale bars, 2 mm
(@), 50 um (b-d), and 10 pm (e, f).

PCR testing of genetic material extracted from UM tumor
cells. The status of PRAME and other molecular muta-
tions found in UMs are being evaluated in >1,300 UM
patients in the ongoing Collaborative Ocular Oncology
Group Study 2 to stratify UM patient risk profiles and to
assign optimal UM clinical treatment regimens based on
statusof thebiomarkers (2021 Schefler IOVS ARV 02021).
In addition to its prognostic utility, PRAME is also being
intensively studied as a therapeutic target for cancer im-
munotherapies [17]. Several clinical trials are testing anti-
PRAME immunotherapy regimens in UM, cutaneous
melanoma, acute myeloid leukemia, and non-small-cell
lung cancer based on targeting tumor cells expressing
PRAME protein (clinicaltrials.gov).
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In this study, we examined PRAME protein expression
in tumor cells by immunohistochemical staining of enu-
cleation sections collected from 18 UM patients. We
found negative PRAME nuclear expression in 9 cases
where no UM tumor cells expressed PRAME nuclear ex-
pression by IHC (Fig. 2). One of these PRAME IHC-neg-
ative cases (Table 1, case 11) was GEP Class 2 and devel-
oped liver metastasis. We found diffusely positive PRAME
expression in 2 cases where virtually all UM tumor cells
expressed PRAME by IHC (Fig. 1). One of these diffusely
PRAME IHC-positive cases (Table 1, case 6) also devel-
oped liver metastasis. Interestingly, in the remaining 7
enucleations of our study, we found focal PRAME nucle-
ar expression by IHC in subsets of UM cells within the
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same enucleation suggestive of tumor heterogeneity.
None of these cases with focal PRAME IHC positivity de-
veloped metastases. In our study, the mean age at the time
of diagnosis was 60.6, similar to prior studies [2, 3]. How-
ever, the male-to-female ratio was 2:1, in contrast to oth-
er studies which showed a 1:1 ratio [2, 3], and the small
sample size was considered as the cause of this difference
between this study and others. We did not find a correla-
tion or a pattern between PRAME positivity by IHC or
RT-PCR with patients’ age, gender, tumor laterality, his-
tology (epithelioid vs. spindle), or tumor stage in our co-
hort of UMs. Prior studies showed there is a significant
association between PRAME-positive status and largest
basal diameter of the tumor as well as GEP class [18, 28].
However, a recent study showed GEP was the only statis-
tically significant factor to predict metastatic-free surviv-
al and melanoma-specific survival in multivariate analy-
sis [19].

In this study, we also compared the results of PRAME
testing performed by RT-PCR and by IHC. In the major-
ity of UM cases (11/17), RT-PCR and IHC provided the
same PRAME results with both testing modalities. How-
ever, in 6/17 UM cases, RT-PCR and IHC PRAME testing
gave discordant results (e.g., PRAME-negative by RT-
PCR and PRAME-positive by IHC or vice versa). One
potential reason for this discordance could be heteroge-
neity in PRAME expression within the UM, and the sub-
set of tumor cells collected by FNA for RT-PCR PRAME
testing may not have reflected the heterogeneity of
PRAME expression within the UM. A second potential
reason for the difference could arise from changes (posi-
tive or negative) in PRAME expression in the UM be-
tween the time of the initial FNA biopsy for RT-PCR
PRAME testing and the time of the enucleation on which
the PRAME IHC was performed (e.g., the UM was ini-
tially PRAME-positive at the time of needle biopsy but
became PRAME-negative by the time of enucleation after
primary eye treatment). A third potential reason for dis-
cordance could be the higher sensitivity of the RT-PCR
compared to IHC. We suggest in these cases, the PRAME
alteration present at the RNA level is detected by RT-PCR
but not at the protein level by IHC. If the targeting of
PRAME becomes a possible treatment modality, it re-
mains an important question if response to treatment can
be predicted by protein expression (PRAME detected by
IHC) or PRAME active transcription by GEP.

In sum, we show that PRAME IHC can reveal hetero-
geneity in PRAME expression by tumor cells within the
same UM. The major limitation of our study is the small
cohort of UMs (n = 18) with both PRAME IHC and RT-

PRAME Immunohistochemistry Labeling
in Uveal Melanomas

PCR data for comparison, which limits the value of sta-
tistical analysis. Additionally, a more extensive scale
study would be helpful to elucidate the cause of discor-
dance between the two methods and define the methodo-
logic and prognostic implications of PRAME IHC in UM.
Tracking PRAME THC status in UM is another potential
diagnostic tool to determine the prognosis and risk strat-
ification of patients in combination with other biomark-
ers. PRAME IHC alone or in combination with RT-PCR
may be especially useful for identifying the PRAME-pos-
itive UM tumor cells that can be targeted by anti-PRAME
immunotherapies.
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