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PROTEOMIC IMPLICATIONS OF TUMORAL INFILTRATING LYMPHOCYTES 
IN MELANOMA: PD-L1, CD4 AND CD8 - SHORT REVIEW

Nicolau Anca Antonela1,2, Caraban Bogdan Marian1,2, Gheorghe Emma1,3, Hangan Tony Laurentiu1,3, Cojocaru 
Oana1,3, Orasanu Cristian Ionut1,2, Voda Raluca Ioana1,2

ABSTRACT

Melanoma is a tumor developed by malignancy of melanocytes, being one of the most lethal cancers. 
Usually, it is associated with exposure to ultraviolet radiations, being most common in the skin, but can also 
be located extracutaneously as in the digestive tract, leptomeninges or uvea. Histopathologically it presents 
a phase of radial growth and a vertical one, often accompanied by an intra and peritumoral inflammatory 
infiltrate. Immunohistochemically, the confirmation of the diagnosis of melanoma should be accompanied by 
the assessment of proteomic markers of lymphocytic infiltrate such as PD-L1, CD4 and CD8. Those have a 
role in evaluating the prognosis and a possible prediction of the immunotherapeutic response.
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Introduction

Of all skin cancers, melanoma is the 
most fatal, originating in melanocytes, the most 
common form being skin melanoma. Given the 
high levels of somatic mutations and antigen-
specific tumor T cells, melanoma is considered 
an immunogenic tumor. These aspects have made 
immunotherapy an option for these patients (1). 

An essential histopathological parameter 
in the diagnosis of melanocytic tumors 
is represented by the tumoral infiltrating 
lymphocytes (TIL). It is composed of regulatory 
T lymphocytes, effector T lymphocytes, natural 
killer lymphocytes, macrophages and dendritic 
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cells (2). Depending on the histopathological 
aspect, it is divided into absent, non-brisk or 
brisk (3). Absent TIL is defined when it is not 
identified or is present but does not infiltrate. 
Non-brisk TIL present focally or in several areas 
during the vertical growth phase and is associated 
with an unfavorable prognosis (3, 4). TIL brisk is 
present in the tumor within the vertical growth 
phase or when it is present and infiltrates the 
base of the tumor in this phase (3). Thus, the TIL 
aspect represents in itself a prognostic marker and 
indicates the strength of the organism’s immune 
system response (4).

Therefore, the need for 
immunohistochemistry is required to identify 
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ABSTRACT

Neonatal diabetes (ND) appears during the first 
months of life and is caused by a single gene mutation. 
It is heterogenous and very different compared to other 
forms of multi-factorial or polygenic diabetes. Clinically, 
this form is extremely severe, however, early genetic di-
agnosis is pivotal for successful therapy. A large palette of 
genes is demonstrated to be a cause of ND, however, the 
mechanisms of permanent hyperglycemia are different. 
This review will give an overview of more frequent genetic 
mutations causing ND, including the function of the mu-
tated genes and the specific therapy for certain sub-forms.

Keywords: Classification; Mutations; Neonatal dia-
betes (ND); Syndromes.

INTRODUCTION

Most of the patients with diabetes mellitus (DM) in 
childhood suffer from DM type 1 (DMT1) that is of auto-
immune etiology [1,2]. This form of diabetes appears after 
the first 6 months of life, and reaches the highest incidence 
in the 9-14 years age group, with the rising incidence in 
the age group before 4 years of age [3]. The persisting 
hyper-glycemia is due to autoimmune destruction of in-
sulin producing β-cells in the endocrine pancreas leading 
to insulin deficiency. It is considered a polygenic disease 
involving mostly DQ and DR human leukocyte antigen 
(HLA) genes conferring susceptibility or resistance toward 
the disease [4-8]. Diabetes mellitus type 1 accounts for 
more than 95.0% of cases in childhood [7,9,10]. During the 
last few decades, obesity in childhood has caused increase 
of DM type 2 (DMT2) in children, which is induced by 

an interplay of genetic and environmental factors. Genetic 
factors involved in DMT2 are still not precisely elucidated. 
A number of different gene polymorphisms affecting β-cell 
function causes impaired insulin secretion or insulin resist-
ance [11,12]. The prevalence of DMT2 in childhood and 
adolescence varies in different countries, reaching up to 
30.0% of all cases with DM in regions with the highest 
childhood obesity rates [1].

Monogenic diabetes (MD) caused by mutations of 
a single gene is a separate form of DM with a distinct 
etiology, clinical presentation, therapy and outcome. Mo-
nogenic diabetes is a heterogenous group of sub-forms of 
diabetes caused by mutations in different, highly penetrant 
genes that are pivotal for pancreas development, sensing 
of the level of glucose for insulin secretion, cellular me-
tabolism, cell membrane depolarization control, or insulin 
synthesis/excretion [13-19]. Monogenic diabetes is not 
common, but it does account for 1.0-6.0% of pediatric 
diabetes cases [20].

Generally, based upon the detected mutation, timing 
of presentation, and affected genes, MD can be classified 
as follows [19]: 1) neonatal diabetes (ND) (occurring be-
fore 6 months), 2) syndromic ND associated with extra 
pancreatic features, and 3) autosomal dominant familial 
hyperglycemia or diabetes or maturity onset diabetes of 
the young (MODY). This review will give an overview 
of mutations causing diabetes in the neonatal period that 
includes ND and syndromic diabetes.

Genes Involved in Monogenic Diabetes. Mutations 
in about 40 different genes are recognized as a cause of 
MD. These encompass genes involved in different pro-
cesses that could compromise insulin secretion and action 
such as: reduction of β-cell number or pancreatic aplasia, 
impaired β-cell development, glucose sensing or metabo-
lism, failure to depolarize cellular membrane and expul-
sion of insulin in circulation, failure of insulin synthesis, 
increased destruction of β-cells including immune-based 
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and quantify some very important markers 
(PD-L1, CD4 and CD8) in assessing both the 
prognosis and the survival rate and in assessing 
the response to certain therapies (5, 6). 

Discussion

PD-L1 is a PD-1 ligand, being expressed by 
T lymphocytes, B lymphocytes, dendritic cells, 
macrophages, placental trophoblasts, epithelial 
cells of the thymic cortex and myocardial 
endothelium (7, 8). It can also be identified in 
tumors such as melanoma, renal cell carcinoma, 
gastric cancer, non-small cell lung cancer, 
breast cancer (9). PD-1 is produced mostly by 
activated T lymphocytes and memory cells; in 
malignant melanoma, it is acting as a promoter 
of tumorogenesis. The role of PD-L1 intervenes 
in the activity of T lymphocytes by down-
regulation of the receptor T-cell, thus preventing 
the hyperactivation of T lymphocytes (7).

The mechanism of action begins with tumor 
recognition by the tumor lymphocyte infiltrate 
(TIL), that produces cytokines and gamma 
interferon (IFN). This secretion increases the 
expression of PD-L1. The interaction with PD-1 
will form the PD-L1/PD-1 complex which will 
cause down-modulation of the tumor lymphocyte 
infiltrate (10). The consequences are inhibition 
of T cell growth and cytokine production 
(9). Situations are described when PD-L1 is 
expressed in the absence of TIL and vice-versa 
the lymphocytic infiltrate can exist without the 
expression of PD-L1 (7). This aspect led to the 
division of the tumor microenvironment into 
four types: Type I (PD-L1+/ TIL+) 38%, Type 
II (PD-L1-/TIL-) 41%, Type III (PD-L1+/TIL-) 
1% and Type IV (PD-L1-/TIL+) 20% (6). PD-L1 
expression increases with disease progression, 
being found in a higher percentage in melanoma 
metastases than in primary melanomas (9). 

Immunohistochemically, PD-L1 is found 
on the surface of tumor cell membranes and 
inflammatory cells. It is difficult to accurately 
quantify the cut-off value, because each evaluator 
can establish his own working method. Usually a 
cut-off of >25% in tumor cells and >5% in cell 
infiltrate are used (11, 12). 

It should be noted that overexpression 

causes the tumor cells to become immune to in 
vitro cell lysis exerted by CD8 T lymphocytes 
(13). According to the study by Kaunitz GJ et 
al. the melanoma with the lowest presence of 
PD-L1+ is the uveal one (10% of cases), and 
cumulative solar damage melanoma has the 
highest proportion of PD-L1 positive (62% 
of cases). This denotes a variety of response 
depending on of each subtype of melanoma (10).

A negative expression correlates with a 
short survival and poor response to treatment, in 
this sense it can be used as a prognostic marker 
(7). Patients with PD-L1 positive expression 
have a very good response and an increased 
expectation of survival by using treatments based 
on inhibition of the Mitogen-activated protein 
kinase (MAPK) pathway (14). Their high rate 
of response to treatment does not disregard the 
therapy of PD-L1 negative, which of course can 
benefit from the same treatment, but with a lower 
effectiveness (13).

Regarding the mediators of antitumor 
immunity, T lymphocytes have a role of 
maximum importance by associating the action 
of CD4 T cells and cytotoxic CD8 T lymphocytes 
(15).

CD4 T cells come from the differentiation 
of naive cells on the JAK/STAT pathway, in 
which transcription factors, hormone receptors 
and nuclear regulators participate, having as 
main role the immune protection through the 
production of gamma-IFN and IL-4 (16). 

The mechanism of tumor antigen 
recognition is achieved by the association of 
CD4 lymphocytes with HLA II molecules. These 
molecules are found on the surface of activated 
B lymphocytes, macrophages and dendritic cells. 
They come in contact with tumor antigens, which 
they will later phagocytose in order to process 
and activate T-helper cells (15).

Frequent, the recognition of malignant 
cells directly by CD4 T lymphocytes will not be 
possible secondary to the absence of the major 
histocompatibility complex II (MHC II) in the 
structure of solid malignancies. Despite this 
feature, in more than 40% of melanomas the 
molecules of the complex may be an integral 
part of the tumor or may appear as a result of 
stimulation by gamma-IFN (5). In melanoma, 
the constituent of lymphocytic tumor infiltrate 
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are CD4 T lymphocytes specific for restricted 
tumor antigens class II (17-19). These cells can 
mainly have an anticancer effect by helping 
CD8+ T lymphocytes or by directly recognizing 
the antigens present on the cell surface (5).

In addition to the support given to CD8 
cytotoxic lymphocytes, CD4 + T cells may have a 
direct cytotoxic effect on malignant melanocytes, 
and studies have been reported showing the 
intervention of CD4 T lymphocytes in vitro 
tumors lysis by the interaction of the target cell 
with the APO-1 (20-22). 

CD4 T cells together with their activator 
markers, such as CD25 or CD134, have a 
favorable prognostic role in melanoma, when 
they are identified in an increased peritumoral 
density, but not when they are identified within 
the tumor (23).

Most of the effector cells are cytotoxic 
CD8 lymphocytes, whose lytic effect is achieved 
by perforin/granzyme released from the granules 
they contain (15, 20).

Activated CD8+ T cells will induce cell 
death via the perforin-granzyme ligand and 
Fas/Fas ligand pathways. The major role of 
CD8+ T cells is in the secretion of gamma-
IFN responsible for an up-regulating MCH I 
and II, acting directly in the differentiation of 
CD4+ Th cells (24). Ferroptosis is a form of 
cell death resulting from the accumulation of 
iron-dependent lipid peroxides (25, 26). In the 
study conducted by Wang W et al, they observed 
that immunotherapy-activated CD8+ T cells 
improved lipid peroxidation in malignant cells, 
so that the amplification of ferroptosis contributes 
to the effectiveness of immunotherapy (27).

Activated CD8+ cells have on the cell 
surface CD152 (CTLA-4), having a role in 
inhibiting the immune response. Ipilimumab-
based therapies (Anti-CTLA-4 antibody) show 
an early increase in the absolute number of 
lymphocytes that occurred within 2-8 weeks 
after the first cycle of treatment. This increase 
is correlated with the improvement of survival 
(28, 29). The increase in the absolute number of 
lymphocytes is achieved based on the increase 
of density of both CD8+ and CD4+ cells (29). 
Early increase in the absolute number of 
lymphocytes, associated with the increase in the 
number of CD4+ and CD8+ cells also occurs 

later, after 8-14 weeks. From the point of view of 
cancer-directed immunotherapy, it restores and 
improves the action of CD8+ lymphocytes in 
the tumor (27). The two events mentioned above 
indicate a change in the immune system, which 
may highlight the transition from a nonspecific 
immunity to a specific type (29).

According to the results obtained by Piras 
F et al, depending on the density of the cells 
arranged adjacent to the normal dermis, at the 
base of melanomas with vertical growth phase, 
the mortality rate varied from 81% in cases with 
low density to 20% in cases with a high density 
of lymphocytes CD8+. The 5-year survival 
rate in low-density cases was 25% and 78.8% 
in high-density lymphocyte cases. Following 
these results there is a statistically significant 
correlation between CD8 cell count and survival 
(15).

Quantification of membrane 
immunoexpression of CD4 and CD8 markers 
does not present standard assessment criteria, 
this being a decision of the pathologist’s working 
protocol (manual, semi-automatic or automatic), 
the only condition involving such a standardized 
system is colon cancer (30, 31). 

Conclusion

Malignant melanoma is an immunogenic 
tumor that associates an inflammatory infiltrate 
consisting of regulatory T lymphocytes, effector 
T lymphocytes, natural killer lymphocytes, 
macrophages and dendritic cells, whose 
particularly important markers are represented by 
CD4, CD8 and PD-L1. Even if they mainly have 
different mechanisms of action, they are focally 
entangled by gamma-IFN, which stimulates 
the production of lymphocytes and PD-L1, the 
second one will reduce the number of peritumoral 
lymphocytes by feed-back mechanism.
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