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Abstract. There was extensive ongoing research on immune checkpoint inhibitors for
immunotherapy over the past few years. Blocking the immune checkpoint therapy can improve the
immune response to tumor cells by inhibiting the binding of PD-1/PD-L1. At present, Programmed
Death-1 (PD-1), Programmed Death-Ligand-1 (PD-L1), and CTLA-4 (short for Cytotoxic T
lymphocyte-associated Antigen-4) are the commonest inhibitory checkpoints. They have been
extensively studied and discovered to inhibit anti-tumor immune responses in solid tumors and
checkpoint pathways. PD-1 is a primary T lymphocyte inhibitor receptor. The highly selective
expression of PD-L1 provides a target for tumor immunotherapy. It enables immunoblockade therapy
against PD-1/PD-L1 checkpoint. Targeted medications are a successful kind of therapy. Immune
checkpoint-targeting medications have been effective in treating cancer. In the case of cancer,
doctors often activate immune control pathways to suppress new anti-tumor immune responses. Our
team thoroughly analyzed the PD-1/PD-L1 immune control pathway involved in cancer
immunotherapy in this study. And we make an effort to explain their causes as well as the current
therapeutic methods. We also outlined the current role of targeted drugs in the clinical therapeutic
management of patients with cancer and reviewed the possible future research directions.
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1. Introduction

Immunosuppressive molecules include Programmed Death-1 and Programmed Deathligand-
1. Previous studies showed that when it comes to tumors, persistent inflammation, and other
pathological circumstances. PD-1/PD-L1 inhibit T cells, cause treatment resistance, and aid in
immune escape. This study describes the status of the PD-1/PD-L1 in immunotherapy from the
viewpoints of PD-1/PD-L1 structure, mediated immune regulation and therapeutic approaches.

2. PD-1/ PD-L1 Composition

PD-1 is a transmembrane glycoprotein of type I origin. Among them, an extracellular region
presents an IgV-like domain. There are 4 N-linked glycosylation sites, and the IgV-like domain is
closely associated with the induction of negative immune responses. Furthermore, there are
immunoreceptor tyrosine inhibitory gene sequences and switch gene sequences in the cytoplasmic
region, which can cause PD-1-mediated immunosuppression when combined with phosphatase[1].
PD-L1 has the strongest regulatory effect among the two ligands of PD-1. It is mainly a
transmembrane protein composed of 290 amino acid subunits. It has two immunoglobulin constant
regions in the extracellular segment, namely Igc. PD-L1 contains an intracellular region. The
intracellular region is mainly composed of amino acids. PD-L1 is most often expressed in
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hematopoietic cells which can effectively reduce the incidence of excessive immune response and
effectively avoid self-injury of the body[2].
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Figure 1. (a) Structure of PD1. (b) Structure of PD1/PDL1 complex.
Created with pubs.rsc.org

3. PD-1/PD-L1 mechanism immunomodulation

Inhibiting immune response, controlling immunological tolerance, and preserving immune
balance are PD-1/ PD-L1 molecules in immunity (Figure 2) [3]
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Figure 2. PD1/PD-L1 Binding Mechanism

Created with BioRender.com

By blocking the PI3BK/ATK pathway and up-regulating p27 kipl to encourage increasing effector
T cell numbers, the PD-1 molecule reduces the production of anti-apoptotic gene Bcl-XL, hence
preventing T cell growth[4]. PD-1/PD-L1 also inhibits IL-2, which is necessary for T-cell activation,
by blocking protein kinase C phosphorylation. This suppresses effector T cell proliferation. The
analysis found that Src homology region protein tyrosine (SHP1/2) recruitment has the ability to
reduce the required for activating T lymphocytes and block the phosphorylation of the tyrosine kinase
ZAPT70. Additionally, SHP1/2 phosphorylation reduces the production of the transcription factor
BCL-6 and lowers CD4+ T cells' capacity to differentiate toward polyclonal T lymphocytes.

Under normal physiological conditions, PD-1/PD-L1 can trigger many inhibitory signals and
pathways, inhibit T cell activation, survival, and migration, cause effector T cells to die, maintain
immune balance, and prevent the development of autoimmune diseases. In immune meningitis and
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immunological diabetes, autoimmune disorders are connected with loss of PD-1/PD-L1 signaling.
Activating PD-1/PD-L1 effectively controls monoclonal antibody's potency, prevents the hyperplasia
of activated T cells, and prevents ongoing tissue damage in immunity to infection and transplantation.

3.1. Intervention of Tregs

Forkhead-like transcription factor (FOXP3), a key regulator of Treg formation and function, has a
particular phenotype that is unique to Treg. Treg can be categorized into thymic-derived, peripheral-
derived, and ex-vivo-induced Treg, depending on where the root of the cell came from. The
development and operation of Tregs are significantly influenced by the particular FOXP3 expression.
PD-1 and PD-L1 can boost FOXP3 to support its inhibitory activity and influence the growth of Tregs.

A polyclonal to PD-1/PD-L1 can impact Treg development, multiplication, and functionality. By
inhibiting FOXP3 expression on the surface of Tregs, anti-PD-1/PD-L1 lessens Tregs'
immunosuppressive effects when administered to mononuclear cells from melanoma patients.

As opposed to that, inhibiting the connection can increase T cell receptor signaling, activate Tregs
and improve their inhibitory function. Zhang Y [5] indicated that the infiltration of active Tregs in
some patients with advanced gastric cancer was significantly enhanced after anti-PD-1 antibody
treatment. This suggested that using an anti-PD-1/PD-L1 antibody may help Tregs proliferate.

3.2. Intervention of TILs

Lymphocyte infiltration can be observed in tumor tissue, and these lymphocytes are called tumor
infiltrated lymphocytes (TILs). TILs are the main immune cells that play an immune-killing effect on
tumors, and they primarily perform tumor immunity[6]. However, in tumor cells and macrophages
under tissue hypoxia, hypoxia-inducible factor-1 can increase PD-L1 expression. Additionally,
tumorigenic stimuli can induce PD-L1 expression. PD-L1-expressing cells adhere to T lymphocytes
to prevent TILs from multiplying and secreting cytokines. This results in tumor cells evading immune
cell surveillance, forming immunological escape, and lessening the TILs. Anti-PD-1/PD-L1 can
release  TIL, which promotes tumor regression[7]. To detect and destroy tumor cells, CD8+
cytotoxic T lymphocytes are activated when the PD-L1/PD-1 axis is blocked.

3.3. Intervention in TAMSs

According to activation mechanisms, released cytokines, and cell morphologies, macrophages
infiltrating the tumor microenvironment are referred to as TAMs (tumor-associated macrophages).
These macrophages are separated into M2-type macrophages and M1-type macrophages that are
selectively activated. M2-type TAMs can inhibit tumor-infiltrating lymphocyte-mediated antitumor
immunity and secrete tumor-promoting products, so they are considered to have more important
tumor-promoting effects. Tumors can induce overexpression of TAMs by producing 1L-10 and
macrophage-colony stimulating factors in the microenvironment, thereby impeding normal antigen
presentation and tumor immunological reactions. PD-1/PD-L1 antibody enhances macrophage
phagocytosis rates. PD-1/PD-L1 changes M1 macrophages into M2.

4. Anti-tumor drugs

Anti-tumor drugs (also can call agents) typically approached from four angles: directly affecting
DNA, interfering with nucleic acid biosynthesis, inhibiting protein synthesis and function, and
targeting anti-tumor agents. Preclinical and clinical studies demonstrate the effectiveness of novel
immune checkpoint-targeting medications in the cancer remedy, and checkpoint therapy improves
survival for a more significant percentage of cancer patients. Also, to follow the topic, we here will
emphasize drugs that play different roles in clinical therapy development and targeting treatment at
the PD-1 or the PD-L1 checkpoint.
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4.1. Targeted anti-tumor agents

Targeted anti-tumor agents aim at Tyrosine Kinase(TK). TK can increase the number of white
blood cells (WBC), and the Tyrosine kinase inhibitors have good inhibitory activity against PKC. It
strengthens the activities of inhibiting PKC and then inhibiting Bcl-Abl protein kinase. Most PD-1
/PD-L1 MADs (short form of monoclonal antibodies) distribute in little number, and most of them are
distributed in blood vessels and intercellular space, with a long half-life and steady-state time.
Metabolic elimination modes include non-specific elimination (such as proteolytic activity) and
target-mediated elimination (including target binding, proteolytic action, and internalization).

PD-1 plays a vital character in the progress of tumor and immune evasive tumor cells. PD-1
promotes the apoptosis of T lymphocytes through PD-1-dependent and independent mechanisms.
PD-1 also results in tumor cells in the immune evacuation. Besides, PD-1 inhibitors can block up this
immune escape effect, promote the function recovery of T lymphocytes, and enable T lymphocytes
to play a normal role in killing tumor cells. [4] [7] [11]

4.1.1 Monoclonal antibody targets PD-1

Pembrolizumab, Nivolumab, Cemiplimab, Toripalimab, and Tislelizumab acting on target PD-1
were all humanized or completely human immunoglobulin G (41gG4) antibodies.["]

Pembrolizumab binds mainly to the C' loop of PD-1, used to treat metastatic melanoma (MM),
surgical resection to a high-danger melanoma (adjuvant context), metastatic NSCLC (the
abbreviation of non-small-cell lung cancer), HL (short for classic Hodgkin's lymphoma), primary
mediastinum.

Nivolumab, which binds to the N-loop, one of the structures of PD-1 checkpoint, is used to treat
MM, metastatic NSCLC, and RCC (renal cell carcinoma), head and neck squamous cell carcinoma
(SCCHN), classic HL, hepatocellular carcinoma (HCC), MUC (metastatic urothelial carcinoma),
MSI-H and MMR type aberrations of colorectal cancer.

Cemiplimab and Toripalimab mainly bind to the FG ring of PD-1, and Cemiplimab mainly attaches
to the CC' ring and FG ring of PD-1. It's the treatment of locally advanced CSCC( the abbreviation
of cutaneous squamous cell carcinoma) or metastatic CSCC ineligible for surgery or therapeutic
radiotherapy.

Tislelizumab is the only one that has been done on the FC ring of PD-1 MADbs with special genetic
engineering that can avoid the occurrence of drug resistance. It's also used for the treatment of classic
HL and superior urinary tract carcinoma and first-line treatment of advanced squamous NSCLC [4].

4.1.2 Monoclonal antibody targets PD-L1

Avelumab, Durvalumab, and Atezolizumab acting on target PD-L1 are humanized or fully human
IgG1 antibodies. The binding epitope region of Avelumab is mainly composed of the C chain, C'
chain, F chain, G chain and the CC 'ring of PD-L1. In contrast, the binding region of Durvalumab is
the CC' ring and N-terminal region of PD-L1. Atezolizumab mainly binds to BC and C of PD-L1 C',
C'C" and FG ring residues dominate the binding. [4] [7]

Because the MADbs adverse PD-1/PD-L1 pathway is not metabolized by cytochrome P450 enzyme
and other drug metabolism enzymes, drug interactions are less common. Navurlizumab and
Palivizumab have broad indications and can be used in melanoma, NSCLC, HL, uroepithelial
carcinoma, etc. While Cindillizumab and Carrellizumab are currently approved only for treating
relapsed/refractory Hodgkin lymphoma. (1711101

In 2014, the FDA first approved the PD-1 and its receptor PD-L1 blocker: Pembrolizumab, for
cancer therapy. There are currently several drugs in clinical development that target PD-1/PD-L1
interactions. Until now, Nivolumab (Opdivo), Pembrolizumab (Keytruda), and have been approved
for clinical application. Atezolizumab (Tecentrig), Avelumab (Bavencio), Durvalumab (Imfinzi) and
sevveral other investigational drugs [Table.1] [Table.2] that are not yet in clinical trials are being
studied. [1-2]
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Table 1. Briefly summarize the completed and ongoing clinical drugs of PD-1

Target Medicine Adaptation disease

To treat patients with unresectable or MM.
To treat the wild type of unresectable BRAF V600, or MM.
_ For the treatment of mutational BRAF V600, non-transferable or MM.
Nivolumab To treat NSCLC, positive for PD-L1 and progressed after further
(Opdivo) processing.
Combination chemotherapy is an intervention treatment for ter non-
squamous/ squamous NSCLC.

] To treat metastatic NSCLC that is positive for PD-L1 and has
PD-1 | Pembrolizumab progressed after other treatments.

(Keytruda) For the routine treatment of refractory urothelial carcinoma.
Cef.“'p"ma To treat advanced CSCC.
(Libtayo)
Used in the treatment for classical HL and upper urinary tract
o carcinoma.
Tislelizumab

Treat the patients with terminal squamous NSCLC on the
interventions for the first treatment.

Table 2. Briefly summarize the completed and ongoing clinical drugs of PD-L1

Tgtrg Medicine Adaptation disease
Avelumab To treat metastatic Merkel cell carcinoma (MCC).
(Bavencio) To treat locally terminal or metastatic transitional cell carcinoma.

For treatment of locally terminal or MUC.
PD- Durvaluma To treat locally advanced NSCLC.
L1 b (Imfinzi) It is used in addition to the antiangiogenic drug Axitinib for patients with
advanced RCC.
Atezolizum For MUC, metastatic NSCLC (single agent and combined with
ab chemotherapy), metastatic SCLC (combined with chemotherapy)
(Tecentriq) chemotherapy, triple-negative metastatic breast cancer (combined
f Paclitaxel).

4.2. Adagrasib

Adagrasib is one of the most noteworthy drug predictions. Adagrasib is a targeted treatment for
cancers with KRASG12C mutation and will be the first such treatment option in colorectal cancer
(CRC) patients suffering from this mutation. Common mutations of oncoprotein KRAS variants are
traditionally considered to be intractable drug targets for development. A KRAS inhibitor for
mutation-positive solid tumors. The first entry of Adagrasib is CRC, and the second entry is NSCLC.
Even being second in the market for patients with metastatic NSCLC, Adagrasib is still an effective
therapy for the biomarker-defined population making the clinical success.

Jénne and Pasi ™% et al. evaluated Adagrasib in NSCLC Patients with KRASG12C mutations who
had received radiotherapy based on platinum or anti-PD-1 /PD-L1 pathway. David M. Briere with his
team [14] assessed five KRASG12C-mutated human mammalian tumor models grown in
immunocompromised mice. Determination of the effect of KRASG12C on the expression of genes
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key to the tumor cell response to PD-1 inhibition and PD-1 antibodies were also associated with rapid
tumor regression in all mice. In addition, they disappeared that the frequency of T cells was increased
in tumors treated with PD-1 MAbs compared with controls.

5. Other treatments

5.1. Combination of PD-1/PD-L1 inhibitors with other therapy

5.1.1 Molecular targeting drugs

The leading causes of PD-1 or PD-L1 checkpoint obstruction are the insufficient infiltration of T
cells as well as the microenvironment causing immunosuppression of tumor.

The issues above can be resolved with Met@Man-MPs(3M) reset TAM. 3M can be used to reduce
anti-PD-1 therapeutic resistance. The ability of MAN-MPS to degrade collagen can promote
infiltration of CD8+T, thereby inhibiting tumor growth, promoting the penetration of antibodies,
enhancing the efficacy of combination therapy as well as long-term memory immunity.

Similarly, low-dose apatinib (VEGFR2-TKI) improved hypoxia, boosted CD8+ T cell infiltration,
decreased TAM recruitment, and decreased serum and tumor TGF levels. A small cohort of patients
who were attacked by advanced NSCLC and had received a lot of prior treatment showed excellent
anti-cancer efficacy when these two therapies were combined.

Moreover, Wang's team discovered that a 3rd-line therapy for advanced NSCLC, which included
the usage of anlotinib capsules with Camrelizumab, substantially lowered serum concentrations of
diagnostic markers and cancer tiredness. The effectiveness of that outperforms anlotinib alone [15].

5.1.2 Chemotherapy

Chemotherapy aims to stop cancer cells from generating and replicating DNA. Further, it
stimulates tumor-specific T cells, hastens DC maturation, or improves the expression of tumor
antigens following cancer cell death.

A more persistent response can be generated by the proper combination of chemotherapy and
PD1/PD-L1 inhibitors, especially in cancers that are poorly immunogenic and sensitive to
chemotherapy. Nivolumab combined with chemotherapy was found to be superior to chemotherapy
in treating gastric/GEJ/oesophageal adenocarcinoma, according to clinical studies. Overall survival
or progression-free survival was the trial's primary objectives. Results demonstrated that combining
chemotherapy and nivolumab improved OS and PFS significantly.

Anti-PD-1 antibodies combined with cisplatin and pemetrexed to treat MPM were also evaluated
by Otsuka's team. There is a significant increase in Foxp3+ cells and a decline in MDSCs and vascular
irregularities as a consequence of VEGF presentation being suppressed by CDDP and PEM. [16].

The safety of the combination of these two therapies also needs to be carefully considered. One
retrospective study analyzed 27 patients with advanced HCC. The primary targets are also OS and
PFS. The conclusion is that HAIC, anti-PD-1 antibodies, and TKIs are effective and safe treatments.

5.1.3 Cancer vaccine

Worldwide, HCC continues to be a major factor in cancer-related fatalities. To enhance the
prognosis of HCC patients, additional immunological changes and the development of novel
treatment approaches are urgently required.

The patient's immune system is stimulated by the tumor vaccination, improving immunogenicity
and controlling or eliminating tumors. Immunotherapies for HCC that combine vaccinations and PD-
1 immune checkpoint inhibitors have been considered, but their therapeutic efficacy has not yet been
determined. According to the results of a recent study, in liver cancer cells, vaccine and PD-1 or
PD-L1 inhibitors increased the cytotoxicity of T lymphocytes, resulting in smaller tumor volume
[17]. Another trial hypothesized that the synergistic anticancer effects of PD-1 blockade and LMDD-
MPFG were achieved by altering TAMs or attenuating T cell suppressive signaling. It is found that
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in HCC cells, although LMDD-MPFG re-sensitized tumor-associated T-cells to anti-PD-1
immunotherapy, it enhanced PD-L1 expression [18]

Besides, the immunoregulatory IDO/PD-L1 vaccine used in conjunction with nivolumab and neo-
PV-01 combined with PD-1 inhibition are both proved to be effective and safe for metastatic or
advanced melanoma. Antigen-specific responses are likely generated after immunization.

5.2. The CRISPR/Cas9 system

To further improve cure rates for cancer development and metastasis, CRISPR/Cas9 technology
IS being used to correct mutated genes, alter specific genes, and knock in or out certain genes.

As a potential target for GBM treatment, PD-L1 is essential for the immunosuppression, survival,
proliferation, and migration of GBM. With CRISPR/ Cas9 technology, PD-L1 could be deleted. To
increase the specificity and effectiveness of PD-L1 knockdown, an HDR template binding to dual
sgRNAs can be employed.

Another study has also been linked to GBM. By repeating the CRISPR-Cas9 system using
clustered, regularly spaced short palindromes, EVCAR-T cells which have disrupted PD-1 were
created. It was found that these cells could inhibit the growth of EGFRVII1-expressing GBM cells in
vitro [19].

Many current studies aim to interdict the PD-1/PD-L1 access enduringly. For this goal, an optically
switched CRISPR/Cas9 system was designed. This system used for PD-L1 genome disruption, can
effectively activate T cell responses to combat cancer cells and enhance CD8+T cell invasion into
tumor tissues.

Meanwhile, a nano delivery system based on CRISPR/Cas9 gene editing technology was
established to restrain the PD-L1 gene permanently. The edited plasmid was sent to B16F10 cells
using the polyamine amine analog AP-PAMAM in the cure of melanoma utilizing this technique.

5.3. CAR-T cell therapy

The ability of human CAR-T cells has been significantly increased by PD-1 inhibition, which may
overcome the immune suppression seen in PD-L1+ tumors.

Immune checkpoint inhibitors and CAR-T cells were clarified to promote CAR-T cell
growth. According to a trial in patients with R/R CD30+ lymphoma, the combination demonstrated
enhanced effects on CD30 CAR-T therapy with minimal toxicity [20].

Other strategies have also been designed. CAR-T cell has been modified to secrete scFv to block
PD-1. These cells enhance the antitumor activity through paracrine and autocrine effects. Since
released scFvs remain in the tumor as well as guard CAR-T cells against PD-1 suppression, this
approach avoids the side effect of systemic checkpoint inhibition, thus improving safety.

Moreover, a chimeric PD-1/CD28 receptor is formed when the intracellularly domain of PD-1
joins forces with the membrane-associated and cytoskeleton domains of CD28. This receptor interacts
with PD-L1 and conveys an activation signal rather than an inhibitory one typically sent by the
intracellularly domain of PD-1. Liu's team developed a unique CD19-PD-1/CD28-CAR-T cell line,
which is distinct from the prototype CD19-CAR-T cell line. It was found that due to their superior
proliferation and cytokine production ability, PD-L1+ B-cell lymphoma cells could be fully killed.

6. Conclusions

We still confront a lot of issues and difficulties, despite the fact that many medicines directing at
the PD-1/PD-L1 access have made some initial headway in clinical treatment. Some antibody drugs
have obvious individual differences. There are restrictions on the illnesses that can be healed with
PD-1/PD-L1 antibodies.

Except for cancer cells using PD-1 as camouflage, other normal cells also use PD-1 to avoid being
attacked by T cells, and once the PD-1 blocker is active, these normal cells will be targeted as well,
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which will cause huge side effects. Therefore, additional measures may be required to lower the
frequency and severity of the side events while maintaining the combination's efficacy.

Moreover, even though CAR-T cell immunotherapy is quite safe in comparison to other modalities,
it is still necessary to research ways to increase T-cell survival. Although the gene-editing
CRISPR/Cas9 technology disclosed in recent years has a wider variety of applications than several
conventional therapeutic approaches, it is urgently needed to figure out how to transition from basic
research to clinical use.

In order to give the best treatment plan for clinic patients and enhance the practical application
effect of clinical application, scientists need to develop more accurate and sensitive detection
techniques for tumor identification, efficacy monitoring, and prognosis assessment, etc.
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