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Summary

Purpose: Programmed cell death ligand-1 (PD-L1), also 
known as CD274 (cytogenetic band: 9p24.1), is expressed 
predominantly in most hematopoietic cells and also in epi-
thelial cells. Our aim was to evaluate PD-L1 protein expres-
sion in renal cell carcinoma (RCC) tissues by comparatively 
implementing conventional and also digitized assays. 

Methods: We used 100 archival, for¬malin-fixed and paraf-
fin-embedded RCC tissue specimens, including 75 histologi-
cally confirmed clear cell RCC, 13 papillary RCCs, and 12 
chromophobe RCC. Immunohistochemistry was performed 
implementing an anti- PD-L1 antibody. Conventional (Tu-
mor Proportion Score (TPS)-qualitative) and also digital 
image analysis (DIA-quantitative) assays were applied for 
evaluating the corresponding protein expression levels. 

Results: According to DIA, negative or loss of PD-L1 expres-

sion was observed in 92 cases (92%), in 2 (2%) of them mod-
erate levels were detected, whereas 6 (6%) were characterized 
by strong (high) expression. Based on the TPS evaluation, 8 
(8%) cases were characterized as positive, whereas the rest 
of them (92/92%) as negative. Interestingly, kappa analysis 
revealed a high level of overall correlation between qualita-
tive and quantitative based assays (kappa=0.94).

Conclusions: PD-L1 overexpression is detected in low rates 
in RCC, especially in the clear cell carcinoma histological 
variety. Implementation of digitized (staining intensity) ana-
lytical methods provides an objective and accurate approach 
matching with the conventional protein expression evalua-
tion and categorization as positive/negative cases.
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sis, immunotherapy

Introduction

In modern oncology, novel and sophisticated 
therapeutic strategies have been developed and 
adopted since last decade. Besides targeted thera-
pies, which include monoclonal antibodies (mABs) 
and tyrosine-kinase inhibitors (TKIs) for disrupting 
signaling transduction pathways, immune check-
point inhibitors that regulate immunomodulation 
by targeting specific pathways are considered very 
promising agents [1]. Programmed cell death-1 
(PD-1) gene - located on chromosome 2 (gene locus: 

2q37.3) - encodes a cell surface membrane protein 
of the immunoglobulin super-family. It acts as an 
immunoinhibitory receptor of the CD28 family, in-
volved in tumor immune escape process [2]. PD-1 is 
expressed in pro-B-cells involved in their differen-
tiation, whereas its role in apoptotic death process 
in under consideration. Concerning its downstream 
pathway, PD-1 interacts with two potential ligands, 
PD-L1 and PD-L2 trans-membrane proteins impli-
cated in different levels of expression in specific 
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functions regulation [3]. Programmed cell death 
ligand-1 (PD-L1), also known as CD274 (cytoge-
netic band: 9p24.1), is expressed predominantly 
in most hematopoietic cells and also in epithelial 
cells, including pancreatic islet cells and vascular 
endothelial cells. Additionally, PD-L1 is expressed 
on the thymic cortex, on thymocytes and in the 
thymic medulla. Also, dendritic cells express PD-
L1 reducing the initial phase of activation and ex-
pansion of self-reactive T cells. Concerning PD-L2, 
also known as CD273, its expression is restricted to 
macrophages and dendritic cells. The PD-1/PD-L1 
pathway delivers inhibitory signals that regulate 
both peripheral and central tolerance [4]. Its main 
role is the inhibition of T lymphocyte proliferation, 
survival and other functions (cytotoxicity, cytokine 
release). Furthermore, it causes apoptosis of tumor-
specific T cells and also differentiation of CD4+ T, 
inducing resistance of tumor cells to cytotoxic T 
lymphocyte (CTL) lineage attack. Aberrant over-
expression of PD-L1 enhances the inflammatory 
process and also allows cancers to evade the host 
immune system by suppressing T cell activation 
and inducing peripheral tolerance [5].

Renal cell carcinoma (RCC) comprises a variety 
of pathological entities that arise from the corre-
sponding epithelia. Clear cell RCC covers a 60-70% 
of all RCCs, whereas papillary and chromophobe 
histo-pathologic sub-types are referred to the rest 
of them [6]. Concerning their aggressive or not bio-
logical behavior (increased localized and distant 
metastatic potential), some critical molecules have 
been found to be involved in the disorganization 
of the malignant epithelial mass [7]. In the current 
study, we focused on PD-L1 protein expression pat-
terns in RCC comparing conventional and digital 
based analysis regarding its evaluation.

Methods 

Study group

For the purposes of our study, we used 100 archival, 
for¬malin-fixed and paraffin-embedded (FFPE) RCC tis-
sue specimens, including 75 histologically confirmed 
clear cell RCC, 13 papillary RCCs, and 12 chromophobe 
RCCs, respectively. Among patients, 63 were male, 
whereas the rest of them (n=37) female. The hospital 
ethics committee consented to the use of these tissues 
in the Department of Pathology, “Elpis” General Hos-
pital, Athens, Greece for research purposes, according 
to World Medical Association Declaration of Helsinki. 
The tissue samples were fixed in neutral-buffered for-
malin. Hematoxylin and eosin (H&E)-stained slides of 
the cor¬responding samples were reviewed for confir-
mation of histopathologic diagnoses. All lesions were 
classified according to the histologic typing criteria of 
World Health Organization (WHO) [8]. 

Antibodies and immunohistochemistry assay (IHC)

Ready-to-use anti-PD-L1 (clone 223C3 Dako, North 
America Inc, CA, USA) monoclonal mouse antibody was 
applied in the corresponding RCC tissue sections. IHC for 
the selected antigen was carried out on 3 μm serial tis-
sue microarray sections. The slides were deparaffinized 
and rehydrated. The EnVision FLEX Target Retrieval 
Solution, Low pH (50x) (Dako, North America Inc, CA, 
USA) combined with EnVision FLEX Wash Buffer (20x) 
was used. Blocking solution was applied to all slides 
for 10min, followed by incubation for 1 h using the cor-
responding monoclonal antibody at room temperature 
(25°C). Following incubation with the secondary anti-
body for 10 min, diaminobenzidine-tetrahydrocloride-
DAB (substrate-Chromogen Solution -0.03%) containing 
0.1% hydrogen peroxide was applied as a chromogen and 
incubated for 5min. Sections were counterstained and 
slides were counterstained for 5 min with Hematoxy-
lin, dehydrated and cover-slipped. For negative control 
slides, the primary antibody was omitted. IHC protocol 
was performed using an automated staining system. 
Membranous predominantly and cytoplasmic staining 
was considered acceptable for the markers, according 
to manufacturers’ data sheets. Colon cancer tissue sec-
tions expressing the protein and normal-appearing colon 
epithelia were used as control groups, respectively. A 
conventional (qualitative) assay for scoring the PD-L1 ex-
pression patterns was applied. According to the manufac-
turer’s guidelines, Tumor Proportion Score (TPS) reflects 
the percentage of viable tumor cells showing partial or 
complete membrane staining at any intensity. PD-L1 
score <1% is characterized as negative, whereas ≥1 is 
categorized as positive (overexpression of the marker).

Digital image analysis assay (DIA)

PD-L1 protein expression levels were evaluated 
quantitatively by calculating the corresponding staining 
intensity levels (densitometry evaluation) in the stained 
RCC malignant epithelia. We implemented DIA using 
a semi-automated system (hardware: Microscope CX-
31, Olympus, Melville, NY, USA, Digital camera Sony, 
Tokyo, Japan; Windows XP/NIS-Elements Software AR 
v3.0, Nikon Corp, Tokyo, Japan). Areas of interest per tis-
sue section were identified (5 optical fields at ×400 mag-
nification) and filed in a digital database as snapshots. 
Measurements were performed by designing and apply-
ing a specific macro (mainly membranous and sub-mem-
branous cytoplasmic expression for tumor cells, accord-
ing to manufacturer’s datasheet for monoclonal mouse 
anti-PD-L1, clone 223C3 Dako, North America Inc, CA, 
USA). Based on an algorithm, normal microscopically 
tissue sections (control) were measured independently 
and compared to the corresponding values in malignant 
tissue sections. A broad spectrum of continuous grey 
scale values (0-255) at the RedGreenBlue (RGB) analysis 
was available for discriminating different protein expres-
sion levels (Figure 1). Immunostaining intensity values 
decreasing to 0 represent a progressive overexpression 
of the marker, whereas values increasing to 255 show 
a progressive loss of its staining intensity. Total results 
DIA of values are demonstrated in Table 1.
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Statistics

Statistical analysis was performed using IBM SPSS 
Statistics 21 (SPSS Inc, Chicago, IL, USA) software 
package for Windows. All of the reported p values were 
two-sided. Association between the two variables (con-
ventional and digitized PD-L1 evaluation methods) was 
provided by kappa analysis. Total IHC results and cor-
relation are described in Table 1.

Results

According to the DIA procedure, PD-L1 
protein expression demonstrated differences 
in the examined RCC tissue specimens. Nega-
tive or loss of its expression was observed in 92 

cases (92%), in 2 (2%) of them moderate levels 
were detected, whereas 6 (6%) were character-
ized by strong (high) expression. Based on the 
TPS evaluation, 8 (8%) cases were characterized 
as positive, whereas the rest of them 92 cases 
(92%) as negative. Interestingly, kappa analy-
sis revealed a high level of overall correlation 
between qualitative and quantitative based as-
says (kappa=0.94). Based on their histological 
subtypes combined with TPS/DIA evaluation 
assays, clear cell carcinomas demonstrated PD-
L1 positive/ high overexpression in 7/5 out of 
75 cases, papillary carcinomas in 1/1 out of 13 
cases, whereas chromophobe carcinomas 0/0 in 
out of 12 cases, respectively.

Figure 1. a: PD-L1 overexpression (positive) in a case of RCC according to tumor proportion score (TPS) conventional 
evaluation assay. b: The same case evaluated by digital image analysis (DIA) assay. Green signals and reddish areas rep-
resent different high protein levels (original magnification 100x, DAB stain). c: Histogram of PD-L1 protein expression 
classification by TPS/ DIA combined evaluation (negative to positive) based on histologic type categorization (clear cell 
RCC, papillary RCCs, chromophobe RCC).

RCC (n=100) PD-L1 expression Kappa value

Evaluation assay High* Moderate* Low-Negative**

TPS 8/100 (8%) 92/100 (92%)
0.94

DIA*/** 6/100 (6%) 2/100 (2%) 92/100 (92%)

RCC: renal cell carcinomas, TPS: tumor proportion score, DIA: digital image analysis.
Moderate and High expression: staining intensity values ≤137 (spectrum between 109 and 137).
Low/Negative expression (loss of expression): staining intensity values >140 (spectrum between 141 and 180).
*/** DIA High/Moderate correspond to TPS positive, Low/Negative correspond to TPS negative.
kappa value: TPS vs DIA

Table 1. Comparative conventional and digitized total PD-L1 IHC results
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Discussion

Besides targeted therapeutic strategies, novel 
immunotherapeutic regimens that motivate the 
immune system response to detect and destroy 
cancerous cells have been inserted in management 
of cancer patients. Nivolumab and pembrolizum-
ab represent examples of anti-PD-1 antibodies [9]. 
These agents have been already tested experimen-
tally or clinically in a broad spectrum of malignan-
cies as first line PD-1/PD-L1 checkpoint blockade 
therapy including oral cancer, gastric cancer, hepa-
tocellular carcinoma, RCC, esophageal cancer, pan-
creatic cancer, ovarian cancer, and bladder cancer 
[10-13]. Breast carcinoma, Merkel cell carcinoma, 
lung cancer, colorectal cancer, and melanoma are 
also histo-targets for immunotherapy. Different 
PD-L1 overexpression patterns are associated with 
altered response rates to mAbs and prognosis in 
the corresponding patients. 

In the current study we analyzed PD-L1 protein 
in RCC. We observed that the majority of the ex-
amined malignant tissue sections demonstrated re-
duced or loss of their protein expression correlated 
to histological type (clear cell and also papillary 
variants). We also observed a fine correlation result 
comparing conventional and also digitized assays 
for categorizing PD-L1 protein expression levels in 
the examined malignancies. Concerning immuno-
therapeutic strategies in RCCs, a variety of agents 
has been applied and their efficacy is under inves-
tigation including nivolumab/ atezolizumab com-
bined with cabozantinib (TKIs), ipilimumab (anti-
cytotoxic T-lymphocyte) and also bevacizumab 
(anti-VEGF) agents [14]. Similarly, a clinical rand-
omized phase 2 study based on atezolizumab single 
or combined with bevacizumab (anti-VEGF) ver-
sus sunitinib regimens in metastatic RCC patients 
revealed the impact of specific genetic signatures 
that modify their response rates [15]. Interestingly, 
another molecular study reported a strong correla-
tion between cytotoxic T-cells/PD-L1 expressions 

with poor survival rates. They also focused on the 
importance of positive expression for a successive 
response to immune checkpoint inhibitors-based 
therapy and their potential prognostic and predic-
tive role in them [16]. Mixed regimens for experi-
mental targeted therapy in RCC include anti-PD-1 
agents combined also with anti-inflammatory pro-
teins. A study based on a high dose interleukin-2 
(HD IL-2) following treatment with PD-1 and PD-
L1 inhibition showed a strong antitumor activity in 
metastatic melanoma and RCC patients as a prom-
ising combination for immune checkpoint blockade 
and cytokine therapy, respectively [17]. Concern-
ing the correlation between histological features 
of RCCs and PD-L1 overexpression, some studies 
reported a strong association with advanced grade 
and stage in the corresponding patients [18]. Fur-
thermore, an increased incidence of disease recur-
rence was also observed. 

In the current study we implemented a DIA 
assay in order to compare the results of conven-
tional PD-L1 scoring with the corresponding levels 
of its immunostaining intensity. We observed the 
benefits of DIA, as an innovative, accurate and fast 
technique in estimating objectively protein expres-
sion patterns in a variety of markers, according 
with our published experience [19]. 

In conclusion, the role of PD-L1 aberrant ex-
pression in RCCs seems to be crucial in order eli-
gible patients for specific immunotherapies should 
be selected, although its overexpression is detected 
in low rates in RCC - especially in the clear RCC 
histological variety. Due to the increasing need for 
novel predictive/prognostic biomarkers detection 
in the malignancies including RCCs tumor muta-
tional burden, profiles of tumor infiltrating lym-
phocytes, molecular subtypes, and PD-L2 combined 
with PD-L1 are a very promising approach [20].
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