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Abstract 

The task of the immune system is to prevent foreign organisms from entering the body, if microbes have entered the 

body, to destroy them, to prevent or delay their spread. One of the most important features of the immune system is that 

it has the ability to recognize and distinguish millions of different microbes that are foreign to it. The immune system, 

like the brain, evaluates and synthesizes the situation, which is this breeding organ, and produces different training and 

special responses to microbes, cancer. This is a feature that does not exist in any system or organ except the brain and 

immune system. In summary, the task of the immune system is to protect the essence of the individual. For this reason, 

he knows himself first and does not harm the essence. In this context, it can be said that the immune system spends as 

much effort on self-knowledge as it does on fighting the enemy. 

This rewiev article is intended to provide an overview of the CTLA-4 and PD-1 pathways and the description of their 

efficacy in cancer therapy or immunotherapy.  
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Introduction 

Immunotherapy, which started with the treatment of melanoma, a type of 

skin cancer, after years of chemotherapy and targeted smart drugs, is 

currently being used as a treatment method in more than 20 cancer types 

abroad. With immunotherapy, the person's immune system is activated 

and the person's own immune system cells are provided to fight cancer 

cells more effectively. The aim of cancer immunotherapy is to create an 

effective anticancer response by increasing the activity of the immune 

system. Although there are many different types of immunotherapies such 

as cell and vaccine treatments, in our country, when it comes to 

immunotherapy, it is perceived as "Check Point Inhibitors". In our 

country, there are repayments of immunotherapies in three types of cancer 

called kidney cancer, melanoma and hodgkin lymphoma. 

Macro applications, which are among the elements of the immune system, 

are produced by NK and active uses such as T are used for their own 

possibilities. Some of the commonly used treatment methods can be listed 

as follows: 

Immune Checkpoint inhibitors (Checkpoint 
inhibitor) 

Today, they are drugs that provide dramatic improvement in many 

cancers and their use is becoming increasingly common. These special 

molecules eliminate the natural brake mechanism in the immune system, 

enabling the activation of T cells that recognize and attack the cancerous 

cell. In other words, these molecules act by blocking 'checkpoint proteins' 

that stop the immune system from attacking the cancerous cell. Immune 

checkpoint inhibitors (ICIs) offer effective treatments for an ever-

growing array of advanced malignancies. The mechanism of action of 

ICIs is the coordination of innate and adaptive immune systems, including 

the blockade of cytotoxic T-lymphocyte antigen-4 (CTLA-4), 

programmed cell death receptor-1 (PD-1), and PD ligand-1 (PD-L1) 

reflects. The researchers noted that this blockade increases the activity of 

T cell lymphocytes to attack cancer cells. 

Immune checkpoint inhibitors (ICI) are effective on cancer as a result of 

the elimination of pressures on the immune system, however, overactivity 

of the immune system is one of the main causes of many autoimmune 

diseases. Today, reducing the side effects of ICIs or developing antibodies 

that will cause less side effects is an active research topic. Compared to 

conventional cancer treatments, immunotherapy can help the patient lead 

a cancer-free life for many years, but according to clinical studies, ICIs 

are not effective in all patients who use them. Knowing which users will 

benefit from it will be used in CTLA-4 to benefit from a project like the 

PD-1. These checkpoints, in particular, are critical for the environment. 

Immunotherapy plans to combat this immune control score by restoring 

and improving reevaluability for blocking. Particularly prominent 
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checkpoints are CTLA-4 and PD-1/PD-L1, against which monoclonal 

antibodies have been developed. Inhibition or suppression of these targets 

leads to increased activation of the immune system. PD-1 and CTLA-4 

differ greatly in inhibiting immune responses, including antitumor 

responses. For example, CTLA-4 is known to regulate T cell proliferation. 

Immunotherapies with antibodies targeting immune checkpoints, such as 

cytotoxic T-lymphocyte antigen-4 (CTLA-4) or programmed death-1 

(PD-1)/PD-1 ligand (PD-L1), did not respond well in the majority of 

cancers. Cancers express transforming growth factor beta (TGFbeta), 

which often drives immune dysfunction in the tumor microenvironment 

by stimulating regulatory T cells and inhibiting CD8+ and TH1 cells. 

Immune checkpoint is a kind of signal to regulate antigen recognition of 

T cell receptor (TCR) in the immune response process. The immune 

checkpoint contains two types of signals: 

•  Co-stimulatory immune checkpoint: stimulating immune progression 

such as CD28, ICOS and CD137, 

•  Co-inhibitory immune checkpoint: inhibiting immune progression such 

as PD1, CTLA-4 and VISTA. 

As the immune system attacks pathogens, these immune checkpoint 

molecules can protect normal tissues from damage. 

Cancer cells cleverly evade immune attack by dysregulating immune 

checkpoint-related proteins. Immune checkpoint therapy relies on the 

functioning of the immune system with agonists of co-stimulatory signals 

or antagonists of inhibitory signals. 

There are two immune checkpoint receptors that have been actively 

studied over these years: 

Cytotoxic T-lymphocyte-associated antigen 4 (also known as CTLA4; 

CD152) and programmed cell death protein 1 (PD1; also known as 

CD279). 

Corresponding antibodies can inhibit the functioning of receptors and 

increase antitumor immunity. 

Also, a large number of additional immune checkpoints that represent 

promising targets for anti-cancer therapy are under active development, 

with more immune checkpoint-based treatments coming to market for 

more cancers. 

Immune Checkpoint Therapy in Cancer Patients; Immune 

checkpoints are a key target of cancer immunotherapy. In cancer cells, 

these checkpoints can be up- or down-regulated depending on their role 

in activating or inhibiting the immune response. CTLA-4 is an immune 

checkpoint that is upregulated in many cancers. It is present in regulatory 

T cells after activation and plays a role in the inhibition of the immune 

response. Immune system checkpoints, which include the signaling 

pathway, are very important in preventing tissue damage that may 

develop due to the natural immune response to pathogenic infection and 

in the development of self-tolerance of the body that is, in controling or 

regulating the development of autoimmunity. The first clinically targeted 

immune checkpoint is CTLA4. 

Inhibitory stimuli from immune checkpoints are a homeostasis 

mechanism. Currently, studies have focused on the CTLA-4 (Cytotoxic 

T-lymphocyte-associated Antigen 4) and Programmed Death-1 (PD-1) 

pathway. Programmed cell death (PD)-1 and programmed cell death 

ligand (PDL-1) pathway are checkpoint PD1/PDL-1 pathway; It inhibits 

proliferation, survival and effector function, including cytokine 

production of T cells, and plays a role in the escape of tumor cells from 

the immune system. 

PD-1 has two ligands, PD-L1 and PD-L2. In order for PD-1 to inhibit T 

lymphocyte functions, it must be combined with PD-L1 and PD-L2 

ligands. The ligand mostly found in tumor cells is PD-L1. PD-L1 

expressed in the tumor microenvironment suppresses the immune 

response to the tumor. 

In mouse models, it has been shown that increased expression of PD-L1 

on the tumor cell surface inhibits the immune response against the tumor 

in the tumor microenvironment, so that tumor cells can escape from the 

immune system and proliferate. PD-1 ligand distribution on cell surfaces 

of different tumors shows heterogeneity. 

 

Figure 1: Mechanism of action of checkpoint inhibitors [21] 

One of the main interaction points between cancer cells and the immune 

system is PD-1/PD-L1. Programmed death protein 1 (PD-1) and its ligand 

(PDL-1) have been recognized as inhibitory molecules that cause 

disruption of the immune response against cancer cells [1, 2, 3]. The PD-

1 (Programmed cell death-1) receptor is located on the surface of active 

T and B lymphocytes. Studies have shown that PD-L1 (Programmed cell 

death ligand-1) is found in many different tumor types [4, 5]. In line with 

these data, various agents have been developed that inhibit the PD-1/PD-

L1 interaction in cancer cells. These agents, which have strong effects 

such as long-term survival with minimal toxicity, have been a hope for 
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many cancer patients and researchers. Accordingly, there are currently 11 

PD-1 or PD-L1 antibodies, 5 of which are FDA approved. When it binds 

to the Programmed Cell Death-1 (PD-1) receptor specific ligand, 

Programmed Cell Death-1 (PD-L1), it causes predominantly negative 

regulation of the effector function of T cells. This also occurs in tumor 

cells [6, 7, 8, 9, 10]. The PD-1 receptor has two ligands. PD-1L is also 

known as CD274 or B7-H1 and is expressed by somatic cells exposed to 

pro-inflammatory cytokines. PD-L2, also known as CD273 or B7-DC, 

has a more limited expression on antigen presenting cells [11, 12, 13].  

Increased PD-L1 expression due to inflammation in the tumor 

microenvironment causes depletion of PD-1-mediated T cells, preventing 

the formation of the antitumor T cell response [13, 14]. Antitumor T cells 

repeatedly recognize congnate tumor antigens during the progression of 

cancer from primary to metastatic lesions. Triggering T cell receptors 

(TCR) results in the production of proinflammatory cytokines, including 

interferon G, the most potent stimulator of PD-L1 expression [15, 16 17].  

Immune checkpoint regulation has been heavily researched over the past 

decade. However, the underlying mechanisms regulating PD1 and PD-L1 

expression are not fully understood. However, several oncogenic 

signaling pathways, epigenetic alterations, and genetic variations have 

been proposed for this regulation [1, 2]. Immunotherapy, which has been 

proven to be effective in many types of cancer in recent years and has 

started to be used in the treatment, is also a promising example for the 

treatment of glioblastoma. 

The PD-1/PD-L1 checkpoint, which is one of the current 

immunotherapeutic targets, has been blocked with monoclonal antibodies 

in many cancer types, and successful results have been obtained in making 

cancer cells the target of T cells. 

Especially when there is resistance to PD-1 or PD-L1 targeted drugs, 

using these drugs together with anti-CTLA4 agents or some cancer 

vaccines that will increase PD-1, PD-L1 sensitivity or with messengers 

that stimulate cells (IFN-gamma) such as GM-CSF; or as a different 

strategy, there are many studies in progress on treatments with genetically 

engineered T cell sensors (TCR or CAR) against cancer cells [18, 19, 20]. 

 

. 

Figure 2: CTLA-4 and PD-1/PDL-1 Checkpoints and Tumor microenvironment 

Conclusıon 

Immunotherapy, which has developed with the field of immunogenetics, 

aims to detect and find solutions in cases where genetic mutations cause 

the immune system to be functionally defective. 

Immunogenetics refers to the scientific discipline that studies the 

molecular and genetic basis of the immune response. Genetic conditions 

that affect the development or function of components of the immune 

system lead to uncontrollability of infectious pathogens or susceptibility 

to autoimmunity or cancer. 

Immune checkpoints are very promising and are a recently developed 

cancer treatment. Here, I tried to describe the PD-1/PD-L1 and CLTA-4 

immune checkpoints and their effectiveness in monoclonal antibody 

detection and the importance of immunotherapy. Given the interaction of 

the tumor microenvironment with normal cells and the increasing 

incidence of cancer, there is an urgent need to improve existing therapies 

and develop new alternatives worldwide. Current immune checkpoint 

blocking therapies target receptor-ligand interaction. This approaches 

show that modulation of intracellular and cell surface receptor-ligand 

signaling stimulates antitumor immunity. 

In this sense, immunotherapy is the most effective way. Ongoing OMIC 

technologies and epigenetic analyzes are expected to provide invaluable 

new insights on this topic. 

Hıghlıghts 

Immunotherapy, a new way to treat cancer groundbreaking to detect 

tumor types and reduce the patient rate. Biological mechanisms need to 

be investigated. In this context known anti-CTLA4 mechanisms and it is 

necessary to know anti-PD-1 immune checkpoint inhibitors very well. 

Because there is a close relationship between tumor development, 

differentiation and proliferation of cancer cells, necrotic formation and 

immunogenetics. 

We researchers recognize that the field of immuno-oncology is complex. 

In particular, I would like to emphasize that the field of immunogenetics 

is extremely important for the whole scientific world to better understand 

the relationship between the immune system, tumor biology and tumor 

microenvironment. 

Regulatory mechanisms of PD-L1 are generally effective at the PD-L1 

expression, RNA level (inflammatory signaling, abnormal oncogenic 

signaling, miRNA regulation, epigenetic regulation, mRNA 
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stabilization), while at the DNA level (genomic modification, epigenetic 

regulation) and protein level (each localization, phosphorylation, 

glycosylation etc.) are effective. 

The suppressive functions of immune checkpoints are generally provided 

by ligand-induced signaling. Here, I have tried to briefly describe the 

ligand interaction and signaling mechanism of two well-studied immune 

checkpoints. 
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