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Natural killer (NK) cells are effector lymphocytes of innate immunity needed to protect against stressed cells and to destroy tumor 
cells and virus-infected cells. These cells play an important role in the immune surveillance of malignant cells, preventing their 
uncontrolled growth. Natural killer cells recognize target cells directly through their receptors, which bind to various determinants 
on the surface of the target cell. The receptor-ligand (secretory or membrane-bound) interaction between the NK cells and the 
target cells determines NK’s cell activity. The use of monoclonal antibodies in tumor therapy has increased significantly in the 
recent years. These antibodies are intended to block inhibitory receptors (immune checkpoint inhibitors) expressed by immune cells 
or to block their ligands expressed by tumor cells. Examples of such immune checkpoint molecules are the following receptors: 
cytotoxic T lymphocyte-associated protein 4 (CTLA-4), programmed cell death protein 1 (PD-1) and others. This blocking 
inhibits tumor growth by enabling immune system reactivation. The advances in cellular immunobiology that have provided the 
establishment of blocking monoclonal antibodies (ipilimumab, nivolumab, etc.) and increased NK cell proliferative activity are 

promising therapies for neoplasms. Biomed Rev 2020; 31: 61-65
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R e v i e w

INTRODUCTION

Tumor cells use various mechanisms to prevent their 
recognition and subsequent attack from the immune system. 
In the macroorganism tumor cell destruction is carried out 
mainly by cytotoxic T cells and natural killer cells. Natural 

killer (NK) cells destroy target cells through several basic 
mechanisms, two of which require direct contact between 
the target cell and the NK cell. In the first mechanism, the 
activated natural killer cell performs its cytolytic action by 
degranulation of perforins and granzymes contained in the 
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granules, which destroy the target cell. This mechanism is 
very effective and is realized by activating apoptotic cysteine 
proteases, called caspases, characteristic of the early stages of 
apoptosis. The second mechanism involves the participation 
of apoptotic receptors (e.g., first apoptosis signal receptor, 
Fas/CD95) in the membrane of the target cell and their 
ligands (e.g., first apoptosis signal ligand, FasL/CD95L) 
in the membrane of a NK cell, which leads to the classical 
caspase-dependent apoptosis (1).  In both mechanisms, the 
effector function of NK cells is regulated by receptor-ligand 
interactions, as the NK cell could be carrying either the 
receptor or the ligand (2), and could therefore be regulated 
at this level. Natural killer cells also express the FcγRIIIA 
and/or FcγRIIC receptor (s), which bind to the Fc fragment of 
an immunoglobulin molecule. When an antigenic epitope of 
the target cell is bound to the paratope of an immunoglobulin 
molecule, the NK cell binds to its Fc region and lyses 
the target cell without priming. The NK cell activated by 
this mechanism secretes cytokines and interferon gamma 
(IFN-γ), which enhance the immune response. The antibody-
dependent cellular cytotoxicity (ADCC) of NK cells against 
cancer cells is used in the treatment of neuroblastoma, breast 
cancer, B-cell lymphoma and other neoplasms that express 
large amounts of tumor-specific antigens (TSAs).

Cells that are under stress can be recognized by NK cells 
and activate their cytotoxic properties. The Natural Killer 
Group 2D (NKG2D) receptor  , which is expressed by NK 
cells, recognizes and binds to cell stress ligands, such as 
polypeptide sequences A and B, which are combined with 
major histocompatibility complex class I (MHC class I) 
molecules (MHC class I polypeptide-related sequence A and 
B, MICA / MICB). These ligands are expressed under cellular 
stress of various etiologies: such as viral infection, malignant 
transformation, and DNA damage (3-5). 

Another mechanism by which NK cells can recognize an 
infected or transformed cell is through the „missing self“ (6, 
7). When a nuclear cell: does not express molecules of MHC 
class I; expresses them to a very low degree or there is a change 
in the structure of these molecules, this signals the natural 
killers to lyse the corresponding cell (8). Natural killer cells 
also express receptors called immunoglobulin-like receptors 
(Killer-cell immunoglobulin-like receptor, KIR). The KIR 
receptors of NK cells interact with MHC class I molecules 
of the target cells. This allows them to detect virus-infected 
cells or cancer cells.

 Tumor immunoediting is described as a dynamic interaction 

between carcinoma and the host immune system, manifested 
in three phases: elimination, balance, and avoidance (9). In 
the elimination phase, the immune system can identify and 
eliminate tumor cells that express tumor-associated antigens 
(TAAs). NK cells, which are „naturally“ equipped with all the 
necessary attributes to recognize and remove tumor cells, are 
activated in the earliest stages of tumorigenesis. The balance 
phase is characterized by tumor latency, i.e. tumor cells are not 
destroyed, but their growth is immune-restricted. Avoidance of 
immune system surveillance is achieved by accumulation of 
mutations, expression of receptors close in nature to healthy 
cell receptors, expression of inhibitory ligands / receptors, or 
lack of receptors (6, 9). 

IMMUNE CHECKPOINTS

Tumor cells often carry proteins that reveal the oncological 
nature of the cells. Sometimes, however, they commit “identity 
theft” from a non-transformed cell by expressing healthy cell 
proteins. Recent studies (10-12) show that cancer cells use 
immune checkpoints to suppress and ‚escape‘ the attack of 
the immune system. T cells and NK cells do not attack tumor 
cells and they remain undisturbed. Many types of oncological 
diseases “escape” from the immune system in this way, by 
inhibiting the T cell signal and the NK cell signal. Cytotoxic T 
lymphocyte-associated protein 4 and PD-1 are two molecules 
on the T and NK cell membrane identified as key inhibitors 
of T and NK cell function. Close in function to cytotoxic T 
lymphocytes, NK cells also express inhibitory receptors with 
which tumor cells interact in order to „hide“ from attacks. Such 
inhibitory checkpoints expressed on NK cells are CTLA-4, 
PD-1, LAG-3 (Lymphocyte-activation gene 3), TIM-3 (T-cell 
immunoglobulin and mucin domain-3) (Fig. 1) (13). 

The treatment of malignant diseases by injecting antitumor 
antibodies derived from different animal species has long been 
experimented with, but has always been followed by severe 
toxic conditions (14). Only after the introduction of hybridoma 
technology for production of monoclonal antibodies it became 
possible to amount quantity needed for an entire treatment 
course. Thus, experimental passive immunotherapy was 
introduced as a reliable therapeutic method that could be 
applied in clinics. 

A major problem with monoclonal antibody immunotherapy 
has been the response of the patient‘s immune system to 
injected foreign immunoglobulins. This can be done by 
substituting a constant region by the CDR (Complementary 
Determing Regions) grafting technique from a murine antibody 
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with a human immunoglobulin constant region. Studies show 
that humanized antibodies reduce their immunogenicity to the 
human body (14). 

NK CELLS, MALIGNANCIES AND THEIR IMMUNOTHERAPY

Treatment of malignant tumors with monoclonal antibodies 
is based on the following mechanisms: (i) activation of 
effector cells that produce antitumor effector molecules from 
the immune system, (ii) after binding of the antibody to the 
tumor cell, there was an impact on the processes of growth 
and differentiation, (iii) induction of active immunization with 
monoclonal antibody by the mechanism of the anti-idiotypic 
vaccine, (iv) indirect activation of other biologically active 

agents such as IFN-γ, IL-2 and others, and (v) monoclonal 
antibody blocks important mechanisms for cell proliferation 
of tumor cells (14). 

There are various antibody-based tumor immunotherapies. 
An example of such therapy is – antibody bound to a drug or 
toxin by „spacer“ molecules (most commonly human albumin 
or various dextrans). It is assumed that the antibody-bound 
preparation will be delivered by the antibody to the target cell. 
An alternative method of immunotherapy that is widely used 
is treatment with monoclonal antibodies associated with plant 
or bacterial toxins. Many of the toxins used are composed 
of two protein chains: the B-chain, which binds to the target 
cell, and the A-chain, which inhibits cell protein synthesis. A 
serious drawback in the use of toxins is their immunogenicity. 
Monoclonal antibodies can be associated with radionuclides. 
Radiolabeled monoclonal antibodies can „kill“ cells that are 
at a considerable distance from the target cell to which the 
isotope-labeled antibody has bound (14). 

Antibodies remain a relatively reliable tool in complex 
therapy against malignanciesIt should not be forgotten that 
the diversity in the forms of malignant tumors necessitates 
the search of a specific therapy for each specific form. Each 
tumor and each stage of its development requires a specific 
therapeutic agent or a combination of several. Patients 
undergoing immunotherapy must also be well selected in order 
to achieve the wanted effect.

 The use of monoclonal antibodies to block immune 
checkpoints is the latest and most widely studied option for 
immunotherapy. In 2018 James Allison and Tasuku Honjo 
were awarded the Nobel Prize in Physiology or Medicine 
for their discoveries in the field of tumor immunotherapy 
“to detect cancer treatment by inhibiting negative immune 
regulation”. Shortly after the first publications related to the 
new type of immunotherapy using blocking antibodies such as 
anti-CTLA-4 and anti-PD-1, one of us (TM) together Japanese  
colleagues from Hyogo College of Medicine, Nishinomiya 
published an article reporting an improvement of the already 
discovered therapy (15).

The immune checkpoint inhibitor is a monoclonal antibody 
that, triggers an attack by the immune system against tumor 
cells (10). Therapy with these drugs has led to impressive 
success in recent years, especially in patients with metastatic 
melanoma or Hodgkin‘s lymphoma (16) and appears 
promising for patients with other types of neoplasms. 

Inhibitors of immune checkpoints block proteins on cancer 
cells or on the surface of T cells, NK cells that respond to 

Figure. 1. Inhibitory checkpoints (receptors) expressed by 
the NK cells. The interaction between the inhibitory receptor 
(LAG-3, PD-1, CTLA-4, TIM-3) expressed by the NK cells 
and their ligands on the target cells (MHC II, PD-L1, CD80 
/ CD86, Galectin-9 in its secreted form), can be blocked by 
monoclonal antibodies (mAbs) (examples are given with an 
asterisk *). These blocking antibodies can be directed against: 
the receptor; the ligand; as well as against the receptor and 
ligand. Using this mechanism of preventing receptor-ligand 
contact, the NK cells can increase their cytolytic properties 
and attack the target cell. The activating CD16 receptor 
expressed by the NK cell, binds to the tumor-specific antigen 
(TSA), expressed by the target cells. When this connection is 
blocked by mAb, the NK cells are activated and attack the 
target cells. From (13), modified.
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these points. The goal of receptor inhibition is to eliminate 
the signals that interfere with the functions of cytotoxic T 
cells and NK cells, so these cells can recognize cancer cells 
and attack them. 

Three immune checkpoint inhibitors have received rapid 
approval from the US  Food and Drug Administration 
(FDA) against cancer, including ipilimumab (Yervoy®), 
pembrolizumab (Keytruda®) and nivolumab (Opdivo®). This 
type of immune control therapies are one of the most promising 
treatments against malignant tumors.

Immunotherapies targeting the CTLA-4 checkpoint 
open up new possibilities in the field of human oncology. 
Two antagonistic monoclonal antibodies against CTLA-4 - 
ipilimumab (IgG1 isotype) and tremelimumab (IgG2 isotype), 
block the interaction between CTLA-4 and its co-stimulatory 
ligands - CD80 and CD86 (ligands of the activating checkpoint 
CD28). These drugs in the form of inhibitors are approved for 
the treatment of advanced cancer. The exact mechanisms by 
which anti-CTLA-4 works are not fully understood. Data to date 
suggest that anti-CTLA-4 acts mainly in secondary lymphoid 
organs by releasing effector T cells from the inhibitory effect, 
by depleting/reducing the number of Treg cells in the tumor 
microenvironment (11, 17). 

Despite promising early results from monoclonal antibody 
therapy against CTLA-4 in human clinical trials, levels of 
objective response remain low in most cases. Improvements 
have been observed when anti-CTLA-4 is combined with the 
chemotherapeutic drug dacarbazine (12). However, the best 
results were observed when combination therapy with anti-
CTLA-4 monoclonal antibody and blocking antibody against 
PD-1 was administered (18, 19). 

Anti-PD-1 is another monoclonal antibody that 
successfully blocks the receptor-ligand bond between the 
effector and tumor cells. It is used on its own to treat cancer 
in humans, as well as in combination with another antibodies 
or medicine. Combination therapies with anti-CTLA-4 and 
anti-PD-1 have achieved high efficacy in patients with 
stage III and IV melanoma (19, 20). Immunotherapy with 
anti-PD-1 focuses largely on stimulating T-cell antitumor 
responses by blocking the binding of PD-1 to its ligands PD-
L1 (B7-H1, CD274) and PD-L2 (B7-DC, CD273). Blocking 
PD-1 removes the inhibitory effects that occur as a result 
of the PD-1-PD-L1 interaction (21-23). PD-L1 and PD-L2 
proteins are largely not expressed by healthy cells. PD-L1 
expression is increased in more than 20 types of human 
tumors (24). In addition, cancer cells increase the expression 

of PD-L1 in response to inflammatory cytokines such as 
IFN-γ, as well as non-malignant cells found in the tumor 
microenvironment (25). These experimental data indicate 
that IFN-γ would improve therapy with anti-PD-1 and / or 
anti-PD-L1 / L-2 monoclonal antibody, as it increases the 
expression of these ligands and blocking the receptor-ligand 
bond will be successful. 

The era of anti-tumor checkpoint blockade includes 
the synthesis and clinical testing of anti-PD-1 monoclonal 
antibodies - nivolumab and pembrolizumab. Another way 
to target the signaling pathway is through antibodies that 
bind the PD-L1 ligand, which is expressed by tumor cells. 
PD-L1 targeting is thought to be less toxic because it acts 
by selectively affecting the immune response in the tumor 
microenvironment and is not affected by the degree of PD-L1 
expression (24).

CONCLUSION 

Despite the great progress that has been made in the treatment 
of oncological diseases, there are still limitations such as 
unclear mechanisms, side effects, poor effectiveness of 
treatment and others. This requires the research of new new 
approaches (personalized medicine) and drugs, finding more 
effective carriers of these drugs, which would allow selective 
entry into the cell, and hence reduce the side effects of the 
drug, as well as the use of combination therapy.
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