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Abstract
Background  To understand how to improve the effect of immune checkpoint inhibitors in uveal melanoma (UM), we need a 
better understanding of the expression of PD-1 and PD-L1, their relation with the presence of tumor-infiltrating lymphocytes 
(TILs), and their prognostic relevance in UM patients.
Materials and methods  Expression of PD-1 and PD-L1 was assessed in 71 UM tissue samples by immunohistochemistry and 
quantitative real-time PCR (qRT-PCR), and further validated by western blotting. The effect of interferon gamma (IFN-γ) 
on PD-1/PD-L1 expression was determined on four UM cell lines.
Results  Immunoreactivity of PD-1 was found in 30/71 cases and of PD-L1 in 44/71 UM samples. Tumor-infiltrating lym-
phocytes were found in 46% of UM tissues. PD-1 was expressed on TILs while tumor cells expressed PD-L1. UM with and 
without TILs showed expression of PD-1 in 69% and 18% cases, respectively (p = 0.001). Similarly, PD-L1 was found in 
75% of UM with TILs and in 50% of cases without TILs, respectively (p = 0.03). DFS rate were lower in patients with TILs 
with expression of PD-1 and PD-L1, but the rate of DFS was higher with expression of PD-L1 in patients without TILs. 
After treatment of UM cell lines with IFN-γ, PD-1 expression was induced in all UM cell lines whereas PD-L1 expression 
was found at a lower level in untreated cells, while expression also increased following treatment with IFN-γ.
Conclusion  Our study suggests that increased infiltration with TILs promotes the aggressive behavior and suppresses the 
immune response of UM cells, thereby inhibiting immunotherapy.

Keywords  Uveal melanoma · Immunotherapy · Tumor-infiltrating lymphocytes · Interferon gamma
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TILs	� Tumor-infiltrating lymphocytes
UM	� Uveal melanoma

Introduction

Melanomas of the uveal tract constitute 5% of all melanomas 
[1]. Uveal melanoma (UM) is the most common intraocular 
primary malignancy in adults [1]. It develops from neural 
crest-derived uveal melanocytes [2]. Genetic alterations such 
as monosomy 3 (M3), polysomy of 8q and loss of BAP1 in 
primary UM are associated with poor prognosis.[3].

Treatment modalities such as brachytherapy, external 
beam radiotherapy, and photon-based radiation, are often 
able to preserve vision in the affected eye [4–6]. Enucleation 
of the affected eye is done when the tumor is too large for 
one of the other treatments [7]. Local treatments is often suf-
ficient to control the primary UM but do not prevent metas-
tases to the liver [8]. Immunotherapy is rapidly becoming a 
mainstream treatment of various cancers; nonetheless, less 
than 30% of patients benefit from this approach. There are 
presently no standard proven treatments for metastatic UM 
patients [9]. Therefore, there is an urgent need to develop 
novel immunotherapeutic agents for patients [10].

The eye is one of a few areas of the body with ‘immune 
privilege’, where both innate and adaptive immunity are 
suppressed by many known mechanisms [11]. The emerg-
ing field of checkpoint receptors has discovered a hidden, 
and powerful, ability of the adaptive immune system that 
can be used to reduce tumor growth. The tumor microenvi-
ronment has malignant tumor cells, non-malignant stromal 
cells and immune cells that form the structure of the tumor 
and provide access to blood vessels that contribute to tumor 
development [12]. Part of the immune cells is referred to as 
the tumor-infiltrating lymphocytes (TILs). The primary host 
defense mechanisms against cancer are probably immuno-
logic. Multiple tumor antigens can be recognized by TILs, 
and this represents an important component of the anti-
tumor immune response [13].

Several studies have evaluated the role of TILs in the 
clinical outcome and prognosis prediction to the response of 
existing checkpoint inhibitors in cancer [14–19]. The exist-
ence of TILs is associated with better outcome in many solid 
tumors; however, TILs correlate with poor prognosis in UM; 
how TILs promote this tumor progression has not yet been 
determined properly [20].

Current treatments for metastatic tumors rely on modi-
fication of the immune system to kill tumor cells. Immu-
notherapies aimed at inhibition of cytotoxic T-lymphocyte 
antigen 4 (CTLA-4) and programmed death 1 (PD-1) have 
been successfully exploited in the treatment of different 
malignancies, providing long-lasting clinical responses 
[21]. PD-1 molecules are not only expressed on the surface 

of activated T cells but also on B cells and bind to the pro-
grammed death ligand 1 (PD-L1). This then functionally 
impairs the activated T cell, preventing it from mounting an 
effective immune response against tumor antigens. The poor 
outcome of anti-PD-1 and anti-CTLA-4 agents in metastatic 
UM may be due to several features such as a low mutational 
burden or an immune-suppressive microenvironment of the 
liver, both considered immune escape mechanisms [22].

Studies have demonstrated that inhibitors of PD-1 and 
PD-L1 as well as other immune checkpoint blockade thera-
pies result in an increase in interferon-gamma (IFN-γ) pro-
duction, which in turn inhibits the growth of tumor cells [23, 
24]. Expression of PD-L1 is low on the surface of T cells, 
B cells, macrophages, and dendritic cells. In some tumors, 
PD-L1 is not constitutively expressed, but rather depends on 
proinflammatory signals that are released by T cells such as 
IFN-γ. In tumors, TILs are often the main source of IFN-γ, 
enhancing the expression of PD-1 and PD-L1 [25]. Recently, 
Mauguso et al. established that defects in IFN-γ signaling 
induce the resistance to immunotherapy in B16 melanoma 
cells [26]. UM cell lines expressed PD-L1 by suppressing 
IL-2 production after the induction of IFN-γ [27]. However, 
the role of TILs with regard to PD-1 and PD-L1 has been 
suggested but not yet demonstrated.

The aim of our study is to elucidate the role of TILs in the 
expression of PD-1 and PD-L1 in UM, for which we defined 
a group with TILs (group I, n = 33) and a group of UM with-
out TILs (group II, n = 38)) and correlated expression with 
clinicopathological parameters and patient outcome. In 
addition to this, we performed in vitro studies on UM cell 
lines by treating them with interferon-gamma and assessed 
the level of PD-1/PD-L1 along with cytokines known to be 
associated with infiltrating T lymphocytes.

Materials and methods

Sample size

Patient samples were collected in the Department of Ocu-
lar Pathology, Dr. Rajender Prasad Centre for Ophthal-
mic Sciences, All India Institute of Medical Sciences, 
New Delhi, India. The in vitro studies were performed 
at the Department of Ophthalmology, University of Cali-
fornia, Irvine (UCI), USA. This study was performed on 
human tissues after the approval by Institutional Ethics 
Committee (IEC), All India Institute of Medical Sciences 
(AIIMS), New Delhi (Ref. No. IEC-424/RP-6/2016). 
Written consent for participation in this study and pro-
viding tissue were obtained from all the patients. All 
procedures conformed to the tenets of the Declaration 
of Helsinki. The follow-up period was 6–65  months 
(mean = 41 months). Formalin-fixed tissue samples were 
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used for immunohistochemistry. Fresh tumor samples 
were immediately used for RNA and protein extraction 
and stored at − 80 °C for further experiments.

Clinicopathological details

Demographic, clinical, and radiological data were 
obtained from the patient’s medical records. Data regard-
ing clinical features such as gender and age at presenta-
tion, largest tumor basal diameter, tumor thickness, scle-
ral and ciliary body invasion, extraocular tumor extension 
and AJCC clinical staging (AJCCc) were collected. Gross 
examination of enucleated eyes included tumor size, loca-
tion, the presence of retinal detachment, iris neovasculari-
zation, or vitreous hemorrhage, and orbital involvement. 
Hematoxylin and eosin slides were reviewed for histo-
pathological characteristics such as the cell type, scleral 
invasion, ciliary body involvement, number of mitoses per 
0.25 mm2 at × 40 magnification, counting 40 high-power 
fields, number of infiltrating macrophages, microvascular 
density (MVD), largest basal diameter (LBD) of > 15 mm 
[28], and tumor thickness > 8 mm [29] and necrosis. Infil-
trating macrophages were identified using ≤ 50% CD68-
positive macrophages whereas MVD was determined by 
counting ≤ 50 vessels/0.25 mm2 using immunostaining for 
CD34 epitope [30, 31]. Loss of BAP-1 staining was also 
identified by immunohistochemistry. Routine clinical and 
laboratory examinations were performed during follow up 
of the patients.

Detail of UM cell lines

We obtained UM cell lines from Prof. Martine Jager (co-
author), Leiden University Medical Center, Leiden, The 
Netherlands. The 92.1 cell line was derived from a primary 
UM that had grown into the right orbit of a 76-year-old 
woman. The right globe had been displaced superotempo-
rally by the large UM tumor that involved the optic nerve, 
inferior rectus, lateral rectus, and superior rectus muscles. 
The 92.1 cells exhibit disomy 3, tetrasomy of chromosome 
6p and tetrasomy of chromosome 8. It carries an EIF1AX 
mutation, and expresses the BAP1 protein [32].

The MEL270 cell line was derived from the primary 
choroidal melanoma of a 79-year-old patient. Cell lines 
OMM2.3 and OMM2.5 were derived from liver metastases 
of the same case. The patient had also developed metastases 
in the ribs and the iliac wing [33, 34]. Sanger sequencing 
showed a GNAQ Q209 mutation as well as heterogeneity 
with only one signal of chromosome 3, but two copies of 
8q and 8p. These cell lines show no mutations in BAP1, 
EIFIAX, or SF3B1.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue Sects.  (4 µm) 
were taken for immunohistochemistry using ImmPACT 
AEC (Vector Laboratories; Burlingame, CA). Sections 
were deparaffinized and rehydrated and subjected to heat-
induced epitope retrieval using citrate buffer (pH 6.0) for 
30 min. Blocking was done by 3% hydrogen peroxide for 
30 min. After washing with tris-buffered saline (TBS; pH 
7.4), sections were incubated with corresponding primary 
antibody against PD-1 [Clone: D4W2J (Cell Signaling)] 
or PD-L1 [Clone: E1L3N (Cell Signaling)] overnight at 
4 °C. Sections were again washed three times with TBS. 
Enzyme-conjugated secondary incubation was carried out 
in the dark for 30 min at room temperature. Immunore-
activity was developed using AEC (3-amino-9-ethylcar-
bazole) Red chromogen and the reaction was stopped in 
distilled water. Sections were counterstained with hema-
toxylin and mounted with aqueous mount media (BDH, 
Poole, UK). Finally, sections were examined by light 
microscopy. A corresponding antibody-positive control 
(placenta) and retinal pigment epithelium were taken as 
controls and a negative control (without primary antibody) 
was run with every experiment.

Immunoreactivity scoring

Semi-quantitative scoring for expression of PD-1 and 
PD-L1 proteins was independently done using a light 
microscope by two authors (MKS and LS), and consen-
sus was reached under the supervision of the experienced 
pathologist (SK) regarding the immunohistochemistry 
score. The score for staining intensity was considered as 0 
(negative), 1 (weak), 2 (moderate) or 3 (strong). The stain-
ing percentage for tumor cells was scored as 0 as < 5%, 
1 as 5–25%, 2 as 26–50%, 3 as 51–75% and 4 as > 75%. 
Immunoreactivity scores (IRS) were obtained in each case 
by multiplying the score for staining intensity and per-
centage positivity of tumor cells. The tumor was consid-
ered as negative when the final score was ≤ 4 and positive 
when > 4 [35].

The density of tumor-infiltrating lymphocytes (TILs) was 
determined using primary antibodies directed against CD3, 
CD4, and CD8. Immunoreactivity was developed using AEC 
Red chromogen. Their presence was scored as 1 (few), 2 
(moderate) or 3 (many) [20]. Cases with a low staining for 
CD3, CD4, as well as CD8 were classified as “negative” (1), 
whereas moderate (2) and numerous (3) TILs were together 
grouped as “positive”. We grouped our cohort on the basis of 
cases having positive expression of CD3, CD4 and CD8 as 
cases of UM with TILs (group I) and negative expression of 
CD3, CD4 and CD8 as cases of UM without TILs (group II).



1294	 Cancer Immunology, Immunotherapy (2021) 70:1291–1303

1 3

RNA extraction, cDNA synthesis, and qRT‑PCR

RNA extraction was performed on 71 fresh tumor samples 
and 20 controls (normal uveal tissue) from staphylomatous 
eyes as non-tumor samples using RNA isolation kit (Pure-
link RNA Kit, Ambion, USA) as per the manufacturer’s pro-
tocol. Quantity and purity of RNA was measured on Nan-
odrop spectrophotometer. An OD260/280 of 1.8–2.0 indicates 
the purity of RNA devoid of any contamination of protein. 
Total RNA was judged to be intact if discreet 28S and 18S 
ribosomal RNA bands were observed on 1% agarose gel 
electrophoresis.

Concentration of 100 ng/µL of RNA was reverse tran-
scribed into cDNA using Verso cDNA synthesis kit (Thermo 
Scientific, California, USA). The mRNA level of PD-1 and 
PD-L1 gene was determined by qRT-PCR using SYBR 
Green Master Mix (Thermo, Invitrogen, USA) in tumor and 
control samples in triplicates. Hypoxanthine phosphoribosyl 
transferase (HPRT) was used as housekeeping gene for the 
experiment. Reactions were carried out in a final volume of 
10 μl. KiCqStart® SYBR® green primers (Sigma, St. Louis, 
MO) were used to examine the expression of PD-1 (PDCD1; 
Ref# NM_005018), PD-L1 (CD274; Ref# NM_014143) 
and cytokines such as IL-2 (Ref# NM_000586), IL-4 (Ref# 
NM_172348), L-21 (Ref# NM_001207006), IL-6 (Ref# 
NM_000600), IL-1β (Ref# NM_000576) and TNF-α (Ref# 
NM_000594). QuantiTect SYBR® green primer assay 
(QIAGEN®, USA) was used for TGF-β (Ref# QT00080934) 
and IFN-γ (Ref# QT00066675). The PCR conditions were 
as follows: 95 °C for 10 min, followed by 35 cycles of 95 °C 
for 30 s, 60 °C (PD-1)/57 °C (PD-L1) for 30 s and 72 °C for 
30 s. Each PCR reaction was followed by continuous melt 
curve analysis. No template control (NTC) was also included 
in each PCR run to assess contamination.

Data analysis was performed after normalisation to the 
reference gene to calculate a fold-change value using the 
∆∆Ct method which was calculated by subtracting ∆Ct of 
the uveal melanoma samples from ∆Ct of the control sam-
ples. ∆Ct was the difference between the threshold cycles 
(Cts) of the target gene (PD-1 and PD-L1 gene) and the 
housekeeper gene (HPRT gene). Fold change was calcu-
lated using the following formula: Fold change = 2ΔΔCt. Fold 
change value ≥ 1 was considered as ‘upregulation’, whereas 
fold change value < 1 was considered as ‘downregulation’ 
of the gene.

Western blotting

A nuclear and cytoplasmic extraction kit (Thermo Scientific, 
USA) was used for performing protein extraction in 16 repre-
sentative fresh uveal melanoma tissue samples (8 each from 
group I and group II) to validate the immunohistochemis-
try. Protein concentration was determined by Pierce™ BCA 

Protein Assay Kit (ThermoFisher Scientific, USA). From the 
total protein, 25 µg was separated and resolved by sodium 
dodecyl sulfate (SDS)–polyacrylamide gel electrophoresis 
and transferred onto a nitrocellulose membrane (MDI Mem-
brane Technologies, Pasadena, CA, USA) at 90 V for 2 hr. 
Membranes were subjected to Ponceau S staining for the 
detection of transferred protein and then washed with water 
for blocking. Immunoblot was blocked using 5% bovine 
serum albumin (BSA) in Tris-buffered saline-Tween20 
(TBST) and subsequently incubated with primary antibody 
against PD-1 (1:2000), PD-L1 (1:2000) and β-actin (1:5000; 
Abcam) overnight at 4 °C. Blots were then washed three 
times with 1 × TBST for 5 min each and incubated with the 
corresponding secondary antibodies conjugated with HRP 
(HRP labeled, 1:5000; Cell Signaling Technology) for 1 h at 
room temperature. Dilutions of primary and secondary anti-
bodies were prepared in TBST. Finally, blots were washed 
again with TBST, and protein bands were visualized by 
enhanced chemiluminescence method using Western BLoT 
Ultra-Sensitive HRP Substrate kit (Takara Bio USA, Inc.).

Cell line and growth condition

A normal retinal pigmented epithelial cell line, ARPE-19, 
was grown at UCI, USA and cultured in Dulbecco’s modi-
fied Eagle’s medium/Nutrient Mixture F-12 (Gibco, Thermo 
Fisher Scientific, Waltham, MA, USA) containing 10% of 
fetal bovine serum (FBS; Gibco, Thermo Fisher Scien-
tific) and 2% of a penicillin/streptomycin mixture (Sigma-
Aldrich, St. Louis, MO, USA). One vial (1 ml) of estab-
lished uveal melanoma cell lines (92.1, MEL270, OMM2.3, 
and OMM2.5) was used for the experiments [32–34]. All 
UM cells were grown in RPMI 1640, Dutch Modified (Life 
Technologies, Cat. # 22,409–015) supplemented with 10% 
FBS, 3 mM l-glutamine (1%, Life Technologies, Cat. # 
35,050–038), 2% penicillin/streptomycin (10 ml, Life Tech-
nologies, Cat. # 15,140–122).

Trypan blue exclusion assay for cell viability 
after treatment with IFN‑γ

Cells were grown in culture media and counted with a cell 
counter. After counting, cells were seeded in 6-well plates 
(Corning Life Science) at a density of 5 × 105 cells/well for 
24 h. Media were replaced and treated with culture media 
containing 100 international units (IU)/ml of IFN-γ (Immu-
noTools, Germany) and incubated for 48 hr. Cell viability 
was assessed by trypan blue exclusion assay on untreated 
and treated cells using the automated Vi-Cell Viability Ana-
lyzer (Vi-Cell; Beckman Coulter, Fullerton, CA). Untreated 
and treated cells were subsequently prepared for RNA 
extraction and qRT-PCR (protocol as described above) to 
determine the mRNA expression level of PD-1, PD-L1 and 
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cytokines gene associated with T lymphocytes such as IL-2, 
IL-4, IL-21, IL-1, IL-1β, TNF-α, TGF-β, IFN-γ.

Statistical analysis

All tests were two sided to evaluate the statistical asso-
ciation of immunohistochemical and mRNA expression 
of PD-1 and PD-L1 with clinicopathological parameters 
and patient outcome. A statistical significance for all tests 
were considered as p < 0.05. All statistical analyses were 
performed using Stata 9 software (Stata Corp LP, College 
Station, TX, USA). Log-rank test for equality of survivor 
functions was performed for the estimation of disease-free 
survival (DFS) of the patient with a positive or negative 
expression of protein markers. Hazard ratios and their 95% 
confidence intervals (CI) were noted for each parameter and 
independent prognostic factors were identified by univari-
ate and multivariate analysis through Cox proportional-haz-
ards models. Survival curves were drawn by Kaplan–Meier 
method. Graphs were drawn by GraphPad Prism software. 
The p value was adjusted for multiple comparisons using the 
Benjamini–Hochberg (BH) correction.

Results

Patient characteristics

Demographical, clinica,l and pathological features were 
noted for all 71 patients. Enucleation was performed on 
62 UM cases, while 9 cases underwent an exenteration. 
No patient underwent brachytherapy or radiotherapy. UM 
cases were divided on the basis of TILs: UM with TILs 
(group I; n = 33; CD3 + or CD4 or CD8 +) and UM with-
out TILs (group II; n = 38; all CD3-/CD4-/CD8-). Group 
I (with TIL) showed a significantly higher age, more often 
LBD of > 15 mm, and tumor thickness > 8 mm, more fre-
quently an epithelioid cell type, mitotic count (median = 2; 
mean ± SD = 3.5 ± 3.4), infiltrating macrophages 
(p < 0001) and microvascular densities (p = 0.007), and an 
absence of BAP-1 staining (p < 0.001) using Mann–Whit-
ney U test (Table 1).

Table 1   Clinicopathological correlation between group I and group II uveal melanoma patients using Mann–Whitney Wilcoxon Test

*p value before Benjamini–Hochberg correction
**p value adjusted after Benjamini–Hochberg correction
Bold signifies statistically significant value

Clinicopathological 
parameters (N = 71)

N = 71 (%) UM with Tumour Infiltrating Lym-
phocytes (Group I) N = 33 (%)

UM without Tumour Infiltrating 
Lymphocytes (Group II) N = 38 (%)

*p value **p value

Largest tumor basal diameter
  ≤ 15 mm 22 (30%) 6 (18%) 16 (42%) 0.031 0.071

  > 15 mm 49 (69%) 27 (81%) 22 (57%)
Tumour thickness
  ≤ 8 mm (36) 36 (50%) 12 (36%) 24 (63%) 0.025 0.067
  > 8 mm (35) 35 (49%) 21 (63%) 14 (36%)
Epithelioid cell type
 Absent 31 (43%) 7 (21%) 24 (63%)  < 0.001 0.016
 Present 40 (56%) 26 (78%) 14 (36%)

Mitotic count
  < 4/40HPF 43 (60%) 12 (36%) 31 (81%)  < 0.001 0.008
  ≥ 4/40HPF 28 (39%) 21 (63%) 7 (18%)

Infiltrating macrophages
  ≤ 50% CD68 positivity 40 (56%) 9 (27%) 31 (81%)  < 0.001 0.005
  > 50% CD68 positivity 31 (43%) 24 (72%) 7 (18%)
Microvascular density
  ≤ 50 vessels/0.25mm2 38 (53%) 12 (36%) 26 (68%) 0.007 0.022
  > 50 vessels/0.25mm2 33 (46%) 21 (63%) 12 (31%)
BAP1 staining
 Present 29 (40%) 6 (18%) 23 (60%)  < 0.001 0.004
 Absent 42 (59%) 27 (81%) 15 (39%)
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Immunoexpression of PD‑1 and PD‑L1 and their 
correlation with clinicopathological parameters

Expression of PD-1 and PD-L1 protein was evaluated in 
all 71 FFPE tissue samples (Fig. 1). Immunoreactivity of 
PD-1 was found in 30/71 cases, whereas PD-L1 was seen in 
44/71 samples (Fig. 2a, f). Expression of PD-1 was present 
in TILs while tumour cells expressed PD-L1. PD-1 expres-
sion was mainly found in UM with TILs (group I; 23/33 
cases) whereas few cases showed positivity in UM without 
TILs (group II; 7/38 cases). PD-L1 was found in the majority 
of UM with TILs (group I; 25/33 cases) and in 50% of UM 
without TILs (group II; 19/38 cases).

The association of PD-1 and PD-L1 expression with 
clinicopathological parameters was analyzed using Fish-
er’s exact test. In group I, PD-1 expression was corre-
lated significantly with ciliary body invasion (5/11 cases; 
p = 0.032), epithelioid cell type (21/26 cases; p = 0.008), 
infiltrating macrophages (21/24 cases; p < 0.001), absence 
of BAP-1 staining (17/27 cases; p = 0.047) and liver metas-
tasis (4/9 cases; p = 0.043). PD-L1 expression also corre-
lated significantly with higher AJCC tumor staging (13/14 
cases, p = 0.049), infiltrating macrophages (16/24 cases; 
p = 0.047) and liver metastasis (9/9; p = 0.047)). The other 
parameters were not significantly correlated to PD-1 and 
PD-L1 expression in group I. Similarly, in group II, PD-1 

expression was correlated significantly with ciliary body 
invasion (3/6 cases; p = 0.030), epithelioid cell type (5/14 
cases; p = 0.036), and liver metastasis (3/5 cases; p = 0.010), 
whereas PD-L1 was related with increased tumor pigmenta-
tion (11/28 cases; p = 0.027) and infiltrating macrophages 
(6/7 cases; p = 0.036). The other parameters were not sig-
nificantly correlated with PD-1 and PD-L1 expression in 
group II (Table 2).

mRNA expression of PD‑1 and PD‑L1 and their 
correlation with clinicopathological parameters

mRNA expression was evaluated in all 71 fresh tumor tis-
sues, which contained both tumor and tumor-infiltrating 
lymphocytes. PD-1 and PD-L1 mRNA expression was found 
in 26/71 cases and 39/71 cases, respectively. We found a 
significantly higher expression of PD-1 mRNA expression 
with tumor thickness, epithelioid cell type, high number of 
infiltrating macrophages, high microvascular densities, and 
absence of BAP1 staining. When looking at PD-L1 mRNA 
expression, we observed significant correlations with high 
tumor thickness, high mitotic count, and high numbers of 
infiltrating macrophages. The correlation of PD-L1 mRNA 
expression with AJCC clinical staging (p = 0.051), microvas-
cular densities (p = 0.09) and liver metastasis (p = 0.07) did 

Fig. 1   Immunoexpression in uveal melanoma (UM) tissue samples 
with and without tumor infiltrating lymphocytes (TILs) using AEC 
(3-amino-9-ethylcarbazole) red chromogen, and then counterstained 
with hematoxylin. a Immunoexpression of PD-1 in retinal pigment 
epithelium (RPE; arrow) as an internal control (× 400); (b) Immu-
noexpression of PD-1 in TILs near the intratumoral blood vessels 

(× 400); (c) Immunoexpression of PD-1 in TILs (× 400); (d) Weak 
immunoexpression of PD-1 in mixed cell type (× 400); (e) Immu-
noexpression of PD-L1 in retinal pigment epithelium as an internal 
control (× 400); (f) Immunoexpression of PD-L1 in TILs (× 400); (g) 
Cytoplasmic immunoexpression of PD-L1 in epithelioid UM (× 400); 
(h) Strong immunoexpression of PD-L1 in mixed cell type (× 400)
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not reach statistical significance. (Supplementary Table 1) 
(Table 3).

Validation of immunohistochemical expression 
of PD‑1 and PD‑L1 by western blotting

Western blotting was performed to validate the immunoreac-
tivity of PD-1 and PD-L1 protein in the lysate of uveal mela-
noma tissue samples along with normal controls. Immunob-
lot analysis of eight representative samples from group 1 and 
group 2 each were analyzed along with the positive control 
(β-actin). Prominent bands were found at 60 kDa (PD-1), 
50 kDa (PD-L1) and 42 kDa (β-actin). In group I, expres-
sion of PD-1 was found in 5/8 samples, whereas PD-L1 was 
found in 6/8 samples. In group II, expression of PD-1 and 
PD-L1 was found in 2/8 and 5/8 samples, respectively. These 
results were consistent in both group of samples with our 
immunohistochemical results (Supplementary Fig. 1).

Association of clinicopathological parameters 
and PD‑1/PD‑L1 expression with patient outcome

We evaluated disease-free survival with clinicopathologi-
cal and molecular variables for the prognostic outcome in 
patients with uveal melanoma by Cox proportional-haz-
ards model. The 5-year disease-free survival (DFS) rate 
in patients expressing PD-1 in the immunohistochemical 
staining were 70%, and those not expressing PD-1 were 
85%, while for PD-L1 these numbers were 68% and those 
not expressing PD-L1 were 96%. In univariate analysis 

for DFS, the hazard ratio was higher in cases with loss of 
BAP-1 (HR 2.47; p = 0.014), tumor thickness > 8 mm (HR 
3.67; p = 0.043), largest basal diameter > 15 mm (HR 8.4; 
p = 0.047), and the presence of TILs expressing CD3 + /
CD4 + /CD8 + (HR 4.25; p = 0.025). Immunoreactivity of 
PD-1 (HR 3.44; p = 0.040) and PD-L1 (HR 12.13; p = 0.020) 
was associated with poor outcome in univariate analysis for 
these patients. While performing multivariate analysis for all 
these parameters together, only PD-1 (HR 3.78; p = 0.046) 
and PD-L1 (HR 9.70; p = 0.039) immunoreactivity was sta-
tistically significant for reduced disease-free survival (Sup-
plementary Table 2).

Our study analyzed the DFS rate separately in both 
groups of the patients. The DFS rate was lower in patients 
with the presence of PD-1 (DFS 65%, p = 0.013) and PD-L1 
(DFS 71%, p = 0.20) mRNA expression. DFS rate in group 
I having UM with TILs were lower in patients with posi-
tive immunoreactivity and mRNA expression of PD-1 and 
PD-L1 but the rate of DFS was seen significantly better in 
patients with expression of PD-L1 in group II (Supplemen-
tary Table 3).

Expression of PD‑1 and PD‑L1 after the treatment 
with IFN‑γ

To assess the ideal working concentration of IFN-γ, we 
performed an initial concentration titration experiment 
wherein cell lines were treated with different doses of IFN-γ 
i.e., 0, 100, and 500 IU/ml for 48 h followed by measure-
ment of viable cell numbers using trypan blue assay. The 

Table 3   Clinical significance of clinicopathological and molecular parameters of uveal melanoma by univariate and multivariate analysis for 
disease-free survival (DFS) (Cox proportional-hazards model)

Bold signifies statistically significant value

Clinicopathological parameters Disease-free survival (DFS)

Univariate analysis Multivariate analysis

Hazard ratio (95% confi-
dence interval)

*p value Hazard ratio (95% confi-
dence interval)

*p value

Largest tumor basal diameter (LBD > 15 mm) 8.4 (1.03–12.93) 0.047 1.66 (0.34–7.95) 0.52
Tumor thickness greater than 8 mm 3.67 (1.03–12.93) 0.043 1.20 (0.23–6.09) 0.82
AJCC clinical staging 2.92 (0.94–9.08) 0.06 – –
Scleral invasion 3.02 (0.96–10.63) 0.05 – –
Ciliary body invasion 2.72 (0.80–9.28) 0.10 – –
Epithelioid cell type 1.73 (0.52–5.72) 0.36 – –
Infiltrating macrophage (> 50% CD68 positivity) 3.33 (1.00–11.09) 0.05 – –
Microvascular density (> 50vessels/0.25 mm2) 2.86 (0.86–9.51) 0.08 – –
CD3+/CD4+/CD8+ (TILs) 4.25 (1.20–15.03) 0.025 2.82 (0.92–8.68) 0.06
PD-1 immunoexpression 3.44 (1.05–11.19) 0.040 3.78 (0.53–53.05) 0.046
PD-L1 immunoexpression 12.13 (1.49–98.65) 0.020 9.70 (1.04–90.48) 0.039
PD-1 mRNA expression 2.5 (0.77–8.02) 0.12 – –
PD-L1 mRNA expression 2.75 (0.78–9.68) 0.11 – –
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optimal concentration for the IFN-γ used was 100 IU/ml 
for treatment in ARPE cell line and UM cell lines (Fig. 3a). 
After 48  h incubation with IFN-γ, RNA was extracted 
from untreated and treated cells and followed by qRT-PCR 
to assess the expression of PD-1, PD-L1 and cytokines. 
Before treatment, no expression of PD-1 was noticed in any 
of the cell lines or control cells. IFN-γ treatment induced 
the expression of PD-1 and PD-L1 in treated cells as com-
pared to untreated cells (Fig. 3b–d). The PD-L1 levels were 
increased in 92.1 (1.7-fold, p = 0.003), MEL270 (1.6-fold, 
p = 0.001), OMM2.3 (2.5-fold, p = 0.001) and OMM2.5 (2.6-
fold, p = 0.001) compared to ARPE-19. Expression levels 
of the PD-1 gene were higher in 92.1 (1.3-fold, 0.022), 
MEL270 cells (1.2-fold, p = 0.016) compared to ARPE-19 
cells, but higher in metastatic-derived OMM2.3 (1.7-fold, 
p = 0.002) and OMM2.5 (1.6-fold, p = 0.001). There was an 
increased expression of IL-2, IL-4, IL-21, IL-6, and IFN-γ 
as compared to IL-1β, TGFβ, and TNFα in untreated cells 
after the treatment (Supplementary Fig. 2).

Discussion

Metastatic UM is still a challenge for medical oncologists 
as there is no treatment to increase the overall survival in 
patients. UM proofs itself to be an immunotherapy-resistant 

tumor [36]. There is a renewed interest in studying tumor-
infiltrating lymphocytes as the predictor and potential 
prognostic response to immunotherapy in patient with 
metastasis. TILs are a key immune component in the tumor 
microenvironment of UM, as they express several immune 
checkpoints. There are various ongoing clinical trials tar-
geting PD-1/PD-L1 pathway that might be effective for the 
treatment modalities in cancer, with durable responses and 
reduced toxicity but no definite results have been achieved 
in UM. To understand the role of TILs in UM, we evaluated 
the immunohistochemical and mRNA expression of immune 
checkpoint markers (PD-1 and PD-L1) in UM with TILs and 
without TILs and their correlation with clinicopathological 
parameters and patient outcome. In-vitro studies validated 
this data in UM cell lines by qRT-PCR.

The clinical profile of UM patients with tumor-infiltrating 
lymphocytes were different from the profile of patients with-
out tumor-infiltrating lymphocytes. In our study, we found 
PD-L1 expression not only in tumor cells, but also in on 
TILs. Overall patients with positive expression of PD-L1 
immunoreactivity (68%) and mRNA expression of PD-1 
(65%) had a significantly shortened disease-free survival. 
This expression was more pronounced even in low TIL 
group I. The survival of the patients was better and favora-
ble with PD-L1 expression (both by IHC and qRT-PCR) in 
cases without TILs having significantly longer disease-free 

Fig. 3   Treatment effect of interferon-gamma (IFN-γ) on uveal mela-
noma in-vitro using Trypan blue dye exclusion assay; (a) Trypan blue 
dye exclusion assay at concentration of 100 IU/ml and 500 IU/ml; (b) 
relative mRNA fold change of PD-L1 gene expression; (c) relative 
mRNA fold change of PD-L1 gene expression after treatment of IFN-

γ; (d) relative mRNA fold change of PD-1 gene expression after treat-
ment of IFN-γ. There was no expression of PD-1 on uveal melanoma 
cell lines without the treatment of IFN-γ. (*P < 0.05, **P < 0.01, 
***P < 0.001)
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survival. The prognostic value of PD-L1 in cases without 
TILs is in concordance with recent findings in UM, in which 
a high expression of PD-L1 with less TILs were linked to 
favorable outcome [37]. These findings are contrary to other 
studies where PD-L1 expression was correlated with poor 
outcome in solid tumors including cutaneous melanoma. 
This suggests that PD-1/PD-L1 interaction inhibit the T-cell 
activation and cytokine production leading to T-cell apopto-
sis to promote an immune-escape state due to factors which 
include local ocular immune privilege and the lack of a lym-
phatic system. However, owing to the small case numbers in 
group I and group II, these results need to be validated in a 
larger study cohort before drawing conclusions.

Several studies suggest that TIL infiltration in UM 
appears to be associated with a poor prognosis [38–42]. Poor 
prognostic factors are always important and help in manage-
ment adjuvant therapy for metastatic diseases. Correlation of 
immune markers with histopathological and clinical param-
eters might be useful in improving the immunotherapeutic 
approaches for treating UM patients [43, 44]. In our study, 
the high expressions of PD-1 and PD-L1 in cases with TILs 
were associated with loss of BAP-1, epithelioid cell type, 
ciliary body invasion, CD68 positivity and liver metasta-
sis, all parameters associated with a bad prognosis in UM 
patients. These results suggest an influence the immunosup-
pressive tumor microenvironment in the development of UM 
metastases.

Pardoll suggests the term “adaptive immune resistance” 
for dampening inflammation after the induction of PD-L1 
in cancer to protect themselves from T-cell mediated cyto-
toxicity or inhibition of cytokine production [45]. Inflam-
matory infiltrates are characterized by an increased expres-
sion of cytokines produced by T lymphocytes. It is known 
that T lymphocytes are capable of producing cytokines, 
therefore, the levels of cytokines could be representative 
of T-lymphocyte infiltration [46]. IFN-γ, an immunostimu-
latory cytokine, constitutes a primary causative factor of 
triggering or promoting the inflammatory response. The 
obligate role of IFN-γ in both tumor immune surveillance 
and immune evasion suggest its importance as a new 
immunotherapeutic strategy in UM [25]. We validated our 
result using in-vitro study on UM cell lines. We found a 
different pattern of cytokine levels produced by UM Cell 
lines after the treatment of IFN-γ. There was an induction 
of PD-1, PD-L1 expression and different level of cytokines 
produced by T-lymphocytes in all UM cell lines before 
and after treatment with IFN-γ. These results are in line 
with Yang et al. where they found a constitutive expres-
sion of PD-L1 in approximately half of the primary UM 
cell lines and in only 20% of the metastatic UM cell lines, 
but showed expression of PD-L1 after exposure to IFN-γ 

in primary and metastatic UM cell lines [47]. Therefore, 
cytokines activating the immune system such as IFN-γ 
might be used to reverse the immune escape and thus to 
potentiate the efficacy of immunotherapy in UM.

This supports the hypothesis that UM cells have 
the capacity to sense the presence of an inflammatory 
response in the form of IFN-γ and respond by upregulat-
ing molecules such as PD-L1 that launch a counter attack 
that extinguishes immune-mediated inflammation directed 
against the UM [48]. These findings suggest that unravel-
ling the mysteries of immune privilege may have important 
implications for designing therapeutic modalities for man-
aging malignancies such as UM that have adopted immune 
privilege as a strategy for escaping immune surveillance.

To conclude, TILs play an important immune cell for 
achieving successful immunotherapeutic strategies in the 
treatment of UM patients. Our finding suggests that PD-1 
and PD-L1 expression in TILs showed poor outcome that 
helps in identifying a subgroup of UM patients who may 
benefit from immunotherapy. However, a limitation of the 
study is the requirement of longer patient follow-up. This 
should be further validated and confirmed in a large cohort 
of the patients for future immunotherapeutic clinical trials 
in UM.
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