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Simple summary: Widespread use of immune checkpoint inhibitors (ICIs) has caused a paradigm
shift in lung cancer treatment. ICIs have fewer side effects than traditional chemotherapeutic drugs,
improve overall survival rates, and play a central role. Currently, patients with lung cancer have
several treatment options, ranging from single-agent immunotherapy to quadruple therapy, which
combines immunotherapy with chemotherapy and anti-vascular endothelial growth factor drugs.
Elucidating the mechanism of resistance to ICls is important for the development of next-generation
immunotherapy; however, the interactions between cells and molecules influencing the immune
system and the immunological tumor microenvironment are intricately related, making them
difficult to elucidate. Cell therapy has the potential to become a powerful next-generation therapy.
It is necessary to continue research to deepen our understanding of lung cancer and the immune
system to develop promising effective treatments for lung cancer.

Abstract: The immune system attempts to eliminate foreign substances, such as pathogens and
viruses, that invade the body. As normal cells transform into cancerous cells, the immune system
can eliminate these cells and suppress cancer onset. The immune system is regulated so that it does
not become overactive or attack normal cells. When cancer cells transform from normal cells, they
acquire various characteristics, and some cancer cells influence the regulatory function of the
immune system to suppress it and escape immune attack. Therefore, treatments have been
developed to eliminate the suppression of the immune system by cancer cells and to restore the
immune system's ability to eliminate cancer cells. Immunotherapies include immune checkpoint
inhibitors, cytokines, cancer vaccines, and effector cell therapies. Cytokine therapy activates the
immune system by injecting substances produced by immune cells (such as interleukin 2 and
interferon alpha) into the body, thereby increasing the ability of the immune system to attack cancer
cells. Cancer vaccine therapy enhances the attack on cancer cells by injecting substances (antigens)
that serve as markers for cancer cells into the body to make it easier for immune cells to detect the
cancer. Depending on the type of antigen, cancer peptides, tumor cells, and dendritic cell vaccines
are available. Effector cell therapy is a treatment method in which immune cells that directly attack
cancer cells (CD8+ T cells, NK cells, etc.) are taken from the patient's body, expanded outside the
body, activated, and returned to the body to attack cancer cells. To develop these treatments, it is
essential to understand the cells and molecules related to immunity as well as the local tumor
environment. In this article, we consider the factors related to antitumor immunity.
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1. Introduction

Therapies for lung cancer have undergone dramatic changes, with immune checkpoint
inhibitors (ICI) playing key roles. The antitumor immune response that acts locally in the area of the
tumor is primed in the regional lymph nodes. However, it is also recognized that there are
mechanisms that can maintain the activity of antitumor cells in the locality of the cancer. Examination
of the immune tumor microenvironment (TME) has critical prognostic value and can supplement
histopathological and molecular biomarkers for the evaluation of patient responses to treatment. The
TME refers to the environment surrounding tumor cells; it is dynamic and is constantly subject to
various influences from other normal cells and tissues. Humans are inherently equipped with tumor
immunity to eliminate tumors; however, in the TME, tumor immunity can be suppressed by various
mechanisms. In addition to tumor cells themselves suppressing tumor immunity, the important role
of non-tumor cells in the TME is gradually becoming clear, and the effectiveness of ICIs is greatly
influenced by the TME. Furthermore, immune responses are multifaceted, with innate and adaptive
immunity. Adaptive immunity comprises cellular and humoral immunity. In current cancer
treatments, ICIs have demonstrated excellent efficacy; however, in some cases, they are ineffective.
To achieve higher therapeutic efficacy, the development of next-generation lung cancer
immunotherapies is essential. However, the effector cells involved in cancer immune responses are
highly diverse and many cells and mediator molecules promote or suppress effector cells (Figure 1),
which complicates our understanding. In this review, we considered each factor thought to be related
to next-generation lung cancer immunotherapy.
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Figure 1. Immune cells involved in antitumor immunity. There are various immune cells involved
in anti-tumor immunity. There are interactions, and the functions of individual immune cells can
vary, making understanding difficult. Nevertheless, it is necessary to develop next-generation cancer
immunotherapy by understanding the basic characteristics of each immune cell.

2. Tertiary Lymphoid Structures

A cycle exists in which activated T cells gather in the interstitium, particularly in the tertiary
lymphoid structures (TLS), where immune cells interact to maintain their effector functions. TLS,
which represent organized secondary lymphoid organ-like cellular aggregates occur locally [1] and
may regulate antitumor immune responses through a mechanism distinct from that of the normal
cancer immune cycle. At tumor sites, TLS enable the localized presentation of cancer antigens by
dendritic cells (DCs) and the production of effector T cells and antibody-producing plasma cells,
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which is associated with a favorable prognosis in a variety of cancer types [2]. Within tumors, B cells
were not found alone but tended to co-localize with CD4 and CD8 tumor-infiltrating lymphocytes
(TILs), and cases in which B cells and CD8 T cells were found simultaneously within tumors tended
to have a better prognosis than cases in which only CD8 T cells were found [3]. TLS are ectopic
lymphoid organs that develops in nonlymphoid tissues at sites of chronic inflammation, including
tumors. A T-cell zone containing mature DCs is formed around CD20* B cells, plasma cells, follicular
helper T cells, and follicular DCs.

In lung cancer, colorectal cancer, pancreatic cancer, oral squamous cell carcinoma, and invasive
breast cancer, the presence of TLS have been associated with increased overall and recurrence-free
survival [1].

Tumor-infiltrating B cells within the TLS are associated with the therapeutic effects of ICI [4-6].

3. Tumor-Infiltrating Lymphocytes

TILs are lymphocytes that infiltrate tumors and include tumor-reactive and antigen-specific
lymphocytes. A treatment method in which tumor-reactive T cells in TILs were expanded and infused
was attempted. It has been suggested that TILs also contain many cell groups that negatively regulate
antitumor immune responses, including regulatory T cells. In addition to lymphocytes, regulatory
cell groups in the tumor stroma include myeloid-derived suppressor cells (MDSCs), tumor-
associated macrophages (TAMs), cancer-associated fibroblasts (CAFs), and mesenchymal stem cells.
Depending on the degree of T-cell infiltration, a tumor can be classified into three types: immune
desert, immune-excluded, and inflamed. In the immune desert, immune cells in the tumor are clearly
depleted, which may be related to immune cell repulsion or migration (possibly due to a lack of
attractive chemokines, hypoxia, and lack of nutrients). In immune exclusion, the presence of
inhibitory stroma and extracellular matrix (ECM) may prevent T cells from effectively migrating and
coming into direct contact with cancer cells, thereby allowing cancer cells to survive. Peritumoral or
intratumoral inflammatory cells that promote immune responses may activate TILs and increase their
function and proliferation [7].

In TILS, programmed cell death-1 (PD-1)* CD8* T cells are associated with a good prognosis,
while PD-1+ regulatory T cells (Tregs) are associated with a poor prognosis, and the balance of the
ratio of PD-1 expression between them could be a biomarker [8].

4. Tumor Mutation Burden

The greater the tumor mutation burden (TMB), the more cancer-specific CD8+ T cells will be
present and infiltrate the tumor, which is thought to result in a hot tumor. When cancer cells are
exposed to interferon (IFN)-y secreted by CD8* T cells that have infiltrated into the tumor, they
increase the expression of programmed cell death-ligand 1 (PD-L1), thereby suppressing the
antitumor effect of CD8+ T cells via the inhibitory receptor PD-1 expressed on activated CD8* T cells.
ICIs are thought to be effective in treating such hot tumors.

In some cancers, reduced mismatch repair (MMR) has been observed. In sporadic MMR-
deficient (AMMR) solid tumors, the cause is often acquired hypermethylation of the promoter region
of the MLH1 gene or reduced expression owing to mutations in the MMR genes [9]. The occurrence
of a congenital pathogenic variant of the MLH1, MSH2, MSH6, or PMS?2 genes, or a deletion of the
epithelial cell adhesion molecule (EPCAM) gene [10-12] adjacent to the upstream region of the MSH2
gene in one allele, it is called Lynch syndrome, and dMMR tumors are known as Lynch-associated
tumors.

4.1. CD8* T Cells

CD8+ T cells recognize antigen peptides presented on major histocompatibility complex (MHC)
class I by their specific T cell receptor (TCR) and exert their effector functions by releasing perforin,
granzymes, etc. However, CD8* T cells become exhausted in cancer and chronic infections, and their
cytotoxic activity and proliferative ability decrease. In some cases, CD8* T cells infiltrate the tumor,
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whereas in others, there is little infiltration. If tumor-specific CD8* T cells are present, they become
cytotoxic T lymphocytes (CTLs), infiltrate the tumor, and damage cancer cells. This may make
immunotherapy more effective and improve prognosis. It has been reported that CD103* CD8* T cells
infiltrating the tumor can be used as biomarkers for ICI effectiveness [13]. CD103 is a ligand for the
adhesion molecule E-cadherin. E-cadherin is expressed by epithelial cells, forming part of the
adherent junctions between epithelial cells. When T cells infiltrate regions with epithelial cells,
including cancer cells, they begin to express CD103 [14]. Therefore, it has been reported that CD103+
T cells have previously encountered epithelial cells, including cancer cells, and are almost identical
to tumor-specific T cells.

Using resected specimens from patients with lung cancer, CD103* lymphocytes were confirmed
by immunostaining in the local tumor area and associated lymph nodes. It has been reported that
prognosis after lung cancer resection is better when there was a high level of CD103* lymphocyte
infiltration.

We analyzed the immunological molecular expression in local and regional lymph node
microenvironments using resection sections from 50 cases of lung squamous cell carcinoma. The
expression of MHC class I and PD-L1 molecules in the tumor did not affect the prognosis; however,
CD103* lymphocyte infiltration was a good prognostic factor [15]. Furthermore, an analysis of 21
cases of non-small cell lung cancer suggested that an increase in CD103* CD39+ CD8* T cells in the
peripheral blood after ICI administration was a favorable prognostic factor, and that an increase in
CD103* CD39+ CD8* T cells may enhance the cancer immune response [16]. PD-1* and CD8* T cells in
TILs are associated with a good prognosis, whereas PD-1* Tregs in TILs are associated with a poor
prognosis, and the balance of their PD-1 expression ratios can serve as a biomarker [8]. In addition,
we induced mutant p53-specific CTL clones from lymphocytes of the regional lymph nodes of
patients with lung cancer, and demonstrated by TCR analysis (clonotypic polymerase chain reaction
(PCR) method) that these CTL clones were present in the tumor locale and were involved in the
cancer immune response [17]. We also demonstrated that isolating tumor-specific TCR and
transferring genes into yd T cells, in a severe combined immunodeficiency (SCID) mouse model
implanted with a human lung cancer cell line, resulted in tumor regression [18]. As reviewed in
another section, TCR-transduced cell therapy has been applied clinically and is attracting attention
as next-generation immunotherapy.

4.2. CD4+ T Cells

CD4+ T cells recognize antigen peptides presented on MHC class II molecules via their specific
TCRs and are activated. They function as effector cells and participate in B-cell differentiation and
proliferation. Kagamu et al. reported that patients whose peripheral blood CD62Llew CD4+ T-cell
populations decreased after ICI administration had a weakened therapeutic response, whereas those
who survived for a long time maintained a high percentage of CD62Lv CD4* T-cells [19]. Monitoring
the immune status of CD4+ T-cells in the peripheral blood of patients receiving ICIs may predict
treatment efficacy.

CD4* T helper (Th) lymphocytes act as key regulators of inflammation specific to the
encountered threat, with a large (and expanding) list of Th subsets defined to date, including Thl,
Th2, Th17, Th9, and Th22. Th1 responses are characterized by the production of IFN-y, tumor necrosis
factor (TNF)-a, and interleukin (IL)-2 by T cells and are thought to be the essential subset for tumor
rejection. IFN-y generated from Thl responses may synergize with IL-17 produced by Th17 cells to
promote the secretion of the chemokines CXCL9 and CXCL10 that can recruit CTLs to the TME to
target tumor cells [20].

In addition to a chronic inflammatory TME, prolonged exposure to tumor antigens induces Th1
and other T cells that lack the typical polyfunctional phenotype (i.e., the ability to secrete large
amounts of several cytokines) to express inhibitory receptors, such as PD-L1, lymphocyte activation
gene 3 protein (LAG-3), and T-cell immunoglobulin domain and mucin domain protein 3 (TIM-3)
[21]. The antitumor efficiency of exhausted T cells is severely limited. Interestingly, a positive
correlation was found between the number of CD8* TILs and a favorable clinical prognosis [21,22].
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4.3. B Cells

B cells play a central role in humoral immunity. They express the membrane-type globulin B-
cell receptor (BCR) on their cell surface, take up antigens into the cell, and present them to CD4+ T
cells. Through the interactions between B and T cells, B cells differentiate into plasma cells and
produce antibodies.

As the TLS mature, lymphoid follicles are often observed and are thought to contribute to the
maintenance of the effector function of immune cells by interacting with T cells and B cells. It is also
known that cases in which tumor-infiltrating B lymphocytes (TIBs), as well as CD8* T cells are present
in the TLS, the tumor tend to have a better prognosis than cases in which only CD8* T cells are present
[23]. TIBs directly support antitumor immunity. Microdissection of melanoma TLS revealed clonal
proliferation, isotype switching, and somatic mutations in BCR-rare cells, suggesting the induction
of antigen-specific antibody responses [24]. TIBs may also be involved in the maintenance of TLS by
producing CXCR13 and lymphotoxin [25]. TLS are associated with increased overall survival and
progression-free survival in patients with lung cancer, colon cancer, pancreatic cancer, oral squamous
cell carcinoma, and invasive breast cancer [26]. TIBs in TLS are reportedly related to the therapeutic
effects of ICIs [27-29]. Activated T cells gather in the interstitium; in particular, in the TLS, immune
cells interact with each other, creating a cycle that maintains the effector function of immune cells.

4.4. Regulatory T Cells

Treg cells suppress immune responses, including the excessive immune responses that cause
autoimmune diseases, inflammatory diseases, and allergies. Conversely, when Treg cells work
excessively, they suppress immune responses against pathogens such as cancer cells and promote
cancer growth.

In 2003, Sakaguchi et al. reported that the transcription factor forkhead box protein P3 (Foxp3),
identified as the causative gene of the human autoimmune disease immunodysregulation
polyendocrinopathy enteropathy X-linked (IPEX) syndrome, is selectively expressed in Treg cells and
acts as a "master transcription factor" that controls their development, differentiation, and
immunosuppressive functions [30]. Since this discovery, extensive research on the mechanisms of
Treg cell differentiation and function has been conducted, revealing that Foxp3 forms complexes with
over 300 other transcription factors in Treg cells, binds to thousands of locations in the genome, and
controls gene expression in Treg cells. Tregs maintain systemic immune homeostasis by regulating
peripheral tolerance and attenuating autoimmune diseases [31] via various immunosuppressive
mechanisms [32]. Treg depletion experiments in mice found that this population potently suppresses
antitumor effector T cell responses and blocks tumor elimination by endogenous tumor-specific
effector T cells [33,34]. Wing et al. reported that cytotoxic T-lymphocyte-associated antigen-4 (CTLA-
4) on Tregs reduced the expression of CD80/86, a costimulatory molecule on DCs, thereby
suppressing T-cell activation [35]. Anti-CTLA-4 antibodies suppress the function of CTLA-4 and can,
therefore, control Treg function.

4.5. Natural Killer Cells

Natural killer (NK) cells kill cancer cells without sensitization. NK cells eliminate cancer cells
through effector functions mediated by cytotoxic granule contents such as perforin and granzymes,
death ligands such as Fas-ligand and TNF-related apoptosis-inducing ligand (TRAIL), and cytokine
production such as IFN and TNF-a [36]. MHC class I chain-related protein A and B (MICA/B) are
ligands that activate NK cells through the activating receptor natural killer group 2 member D
(NKG2D) [37-40], and downregulation of MICA/B expression induces immune evasion [41,42]. MHC
class I molecules act on inhibitory receptors of NK cells, such as killer cell immunoglobulin-like
receptors (KIR), and suppress the effector functions of NK cells [43]. Currently, attempts are being
made to apply chimeric antigen receptor-T (CAR-T) cells and TCR-transduced T cells in
immunotherapy by introducing CAR genes or T-cell receptors into NK cells [44].
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4.6. Natural Killer T Cells

Natural killer T (NKT) cells have an invariant TCR, Va14Ja18 in mice and Va24]Ja18 in humans.
The invariant TCR recognizes glycolipids such as a-galactosylceramide (a-GalCer) presented on the
MHC class I-like molecule CD1d as a ligand [45]. NKT cells are activated by stimulation with «a-
GalCer, and express cytokines such as IFN-y and TNF, as well as cytotoxic factors such as perforin,
granzymes, FAS ligand, and TRAIL, which can directly damage cancer cells. NKT cells are also
activated by DCs [46], and it is known that activated NKT cells subsequently leads to DC maturation
and activation, thereby inducing effective adaptive immunity [47,48].

4.7. T Cells

vo T cells express various receptors [49]. 4-Hydroxy-3-dimethyl-allyl-pyrophosphate produced
by bacteria, exogenous antigens derived from viruses, and endogenous phosphate antigens
isopentenylpyrophosphate and triphosphoric acid 1-adenosin-5-yl ester 3-(3-methylbut-3-enyl) ester
are recognized by yd TCRs. MICA/B, which is expressed on the cell surface by stress, is recognized
by NKG2D receptors. Y0 T cell therapy has been administered to patients with treatment-resistant
lung cancer, and 6 of 14 patients showed stable disease using RECIST, with a median progression-
free survival of 126 days and a median survival time of 586 days. IFN-y was detected in the blood of
seven patients during treatment, and four of these showed stable disease. Although no statistically
significant difference was detected, it is thought that an increase in IFN-y in the blood may affect
prognosis [50,51].

It was also reported that dysregulation of the local microbiota stimulated tissue-resident yo T
cells to produce IL-17 and other proinflammatory mediators, promoting neutrophil proliferation and
tumor cell growth. This may further enhance inflammation and microbiota dysbiosis, establishing a
vicious cycle that exacerbates tumor growth [52].

5. Tumor-Associated Macrophages

Macrophages release inflammatory mediators and secrete angiogenic factors. In malignant
tumors, macrophages are divided into two categories: M1 macrophages that are involved in the Th1
cell response to pathogens and promote antitumor immunity, and M2 macrophages that are involved
in the Th2 cell response and suppress antitumor immunity [53,54]. Tumor-associated macrophages
(TAMs) are primarily composed of M2 macrophages that transform the TME into an
immunosuppressive and tumor-progressing state, leading to a poor prognosis [54].

Microparticles released from irradiated tumor cells (RT-MPs) induce a wide range of antitumor
effects and immunogenic cell death primarily via iron-dependent pathways. RT-MPs induce DNA
double-strand breaks in tumor cells and significantly upregulate MHC-I expression on the
membranes of non-irradiated cells, enhancing the recognition and killing of these cells by T cells [55].
It was reported that RT-MPs can convert M2-TAMs in the pleural effusion microenvironment into
M1-TAMs via the JAK-STAT and MAPK pathways [56].

6. Dendritic Cells

When foreign substances enter the body, DCs phagocytose, process, and present fragmented
antigen peptides to the MHC. Naive T cells recognize and are activated by antigen peptides. DCs are
essential for initiating immune responses. Tumors DCs infiltrating the TLS induce a Thl-type
immune shift and improve lung cancer prognosis [57]. Tissue-resident DCs can be divided into two
major subsets based on transcription products and function. CD1c* DCs are thought to be generated
from monocytes during the invasion of tumor sites, whereas CD141* DCs appear to be generated
from DC-restricted precursors [58,59]. The expression of lymphotoxin beta transcripts by CD141+* DC
subsets in lung tumor tissues may reflect the contribution of CD141* DCs to TLS formation, possibly
due to HEV-mediated lymphocyte recruitment [60]. The expansion of intratumoral CD141* DCs may
be an important strategy for inducing potent antitumor immunity. In a multicenter, single-arm, phase
I/II study, a combination therapy consisting of anti-PD-L1 blockade and Wilms’ tumor antigen 1-DC
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vaccination was administered to patients with epithelioid malignant pleural mesothelioma [61]. It
was also reported that the use of a DC vaccine as postoperative adjuvant therapy in patients with
pancreatic cancer resulted in good recurrence-free survival rates [62].

7. Myeloid-Derived Suppressor Cells

MDSCs, a heterogeneous group of immature myeloid cells, have immunosuppressive properties
that increase in the blood and lymphatic tissues of patients with both cancer and infectious diseases
[63]. MDSCs are classified into polymorphonuclear MDSCs (CD11b*CD14-CD15* or CD11b*CD14-
CD66b*), which resemble neutrophils, and monocyte MDSCs (CD11b*CD14*CD15HLA-DRw),
which resemble monocytes. In patients with cancer, MDSCs suppress the anticancer immune
reactions of CD4+ T cells, CD8* T cells, and NK cells, inducing tumor progression. Strategies targeting
MDSCs in cancer immunotherapy include promotion of MDSC differentiation [64], inhibition of their
suppressive function [65,66], and elimination of MDSCs [67]. Pan et al. reported that MDSCs induce
Tregs via CD40-CD40L [68]. The blockade of CD40-CD40L may suppress the functions of MDSCs
and Tregs and may have therapeutic effects.

8. Neutrophils

Neutrophils can also be recruited and infiltrate the TME as tumor-associated neutrophils (TANs)
[69,70]. TANs may promote tumor development by generating reactive oxygen species [71], releasing
neutrophil elastase to accelerate tumor growth [72], secreting matrix metalloproteinase-9 to induce
angiogenesis [73], and forming neutrophil extracellular traps to promote tumor metastasis [74].
Neutrophil abundance has prognostic significance in non-small cell lung cancer (NSCLC). Patients
with a high neutrophil-to-lymphocyte ratio had reduced progression-free survival and overall
survival [75,76]. Patients with early stage NSCLC and increased CD66b-positive neutrophil
infiltration were more likely to experience recurrence after surgery [77]. Approaches that inhibit
cytokines and chemokines that promote neutrophil infiltration, or mediators involved in neutrophil
function, may be necessary.

9. Cancer-Associated Fibroblasts

As central components of the TME in primary and metastatic tumors, cancer-associated
fibroblasts (CAFs) profoundly influence the behavior of cancer cells and are involved in cancer
progression through extensive interactions with cancer cells and other stromal cells. CAFs exert
immunosuppressive effects by acting as a physical barrier to T «cells and releasing
immunosuppressive chemical mediators. CAFs secrete matrix metalloproteinases (MMPs), including
MMP2, MMP3, and MMP?9, or activate YES-associated proteins to promote ECM degradation and
remodeling, epithelial-mesenchymal transition, and cancer stem-cell stemness [78-82]. In the TME,
the hypoxic niche communicates bidirectionally with the mechanical microenvironment mediated by
CAFs. CAFs become elongated and spindle-shaped, secrete increased amounts of type 1 collagen,
promote matrix adhesion and mesenchymal morphology, and produce ECM with increased stiffness
and collagen fiber alignment, all of which support the invasion and migration of breast cancer cells
[83]. Cords et al. found that CAFs are a heterogeneous group with both poor and good prognostic
phenotypes. Therefore, it may be necessary to develop treatments that consider the tailored
phenotype [84].

10. Chimeric Antigen Receptor-T Cells

CAR-T and TCR-transduced effector cells are genetically engineered synthetic biological approaches
that target tumor-specific antigens and exert remarkable therapeutic effects [85,86]. The components of
CAR-T cells have been continuously improved and consist of a single-chain antibody (single-chain
antibody variable fragment, scFV), a flexible connecting chain (hinge), a transmembrane domain and the
signaling domains of the costimulatory molecule CD28, 4-1BB or OX-40 and stimulatory molecule CD3C
and FcRychain (Figure 2). CAR-T cell immunotherapy has demonstrated remission rates of 80-90% in
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hematological malignancies, with CD19-targeted CAR-T cells approved for the treatment of blood
cancers. The recent success of CAR-T therapy has transformed the cancer treatment landscape and
spurred research efforts to apply these therapeutic effects to solid tumors, such as lung cancer [87]. Novel
approaches are currently being investigated to test the applicability of CAR T-cell immunotherapy in lung
cancer. CXC chemokine receptor 4 (CXCR4) is upregulated in lung cancer tissues and cell lines [88], and
has been validated as a target for NSCLC treatment [89]. The MAGE-A1 antigen was selected by analyzing
the cancer/testis antigen database, and MAGE-A1l-specific CAR-T cell immunotherapy against lung
adenocarcinoma has shown to be effective and safe [90].

!
?}0?
ec:“
é\(\¢c} Vy (heavy chain)
V, (light chain)
o
o

Effector cell

Figure 2. Chimeric antigen receptor- T cells (CAR-T cells). The components of CAR-T cells consist
of a single-chain antibody (single-chain antibody variable fragment, scFV), a flexible connecting chain
(hinge), a transmembrane domain and the signaling domains of the costimulatory molecule CD28, 4-
1BB or OX-40 and stimulatory molecule CD3( and FcRychain.

11. T Cell Receptor-Transduced Effector Cells

TCR-transduced effector cell therapy is a promising treatment strategy that induces strong
cellular immune responses against lung cancer. However, it has limitations in that it can only be
administered to patients with matched cancer antigen expression and HLA types. HLA0802-
restricted KRAS mutation-specific TCR-injected autologous T-cell therapy resulted in 72% tumor
regression in patients with KRAS mutation-positive pancreatic cancer. Furthermore, TCR-injected
autologous T cells were detected in the peripheral blood more than six months after administration
[91]. Robbins et al. reported that NY-ESO-1-specific TCR-transduced T cells were administered to
patients with synovial cell sarcoma and melanoma, and clinical responses were observed in four of
six patients with synovial cell sarcoma and five of 11 patients with melanoma [92].

12. Conclusion

The widespread use of ICIs has caused a paradigm shift in lung cancer treatment, which
continues to evolve. ICIs have fewer side effects than traditional chemotherapeutic drugs, improve
overall survival rates, and play a central role in lung cancer chemotherapy. Currently, patients with
lung cancer have several treatment options, ranging from single-agent immunotherapy to quadruple
therapy, which combines immunotherapy with chemotherapy and anti-vascular endothelial growth
factor drugs. Elucidating the mechanism of resistance to ICIs is important for the development of
next-generation immunotherapy; however, as reviewed in this article, the interactions between cells
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and molecules with the immune system and the immunological environment of the tumor are
intricately related, making clarification of resistance mechanisms difficult. Perhaps, we are entering
an era in which treatment plans will be individually tailored to each patient's tumor immunological
microenvironment and molecular expression.

Cell therapy has the potential to become a powerful next-generation therapy. With the development
of molecular biology techniques, it is becoming possible to obtain ideal immunotherapeutic effects by
transferring receptors with higher tumor specificity and affinity to more powerful effector cells. To
develop promising treatments for effective lung cancer in the future, it is necessary to continue research
to deepen our understanding of lung cancer and the surrounding immune system.
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ICI immune checkpoint inhibitor
TLS Tertiary lymphoid structures
DC dendritic cell
TIL Tumor-infiltrating lymphocyte
MDSC myeloid-derived suppressor cell
TAM tumor-associated macrophage
CAF cancer-associated fibroblast
MsC mesenchymal stem cell
ECM extracellular matrix
PD-1 programmed cell death -1
Treg regulatory T cell
TMB Tumor mutation burden
PD-L1 programmed cell death - ligand 1
MMR mismatch repair
dMMR MMR deficient
EPCAM epithelial cell adhesion molecule
MHC major histocompatibility complex
CTL cytotoxic T lymphocyte
TCR T cell receptor
PCR polymerase chain reaction
SCID mouse  severe combined immunodeficiency mouse
IFN interferon
TNF tumor necrosis factor
L interleukin
LAG-3 lymphocyte activation gene 3 protein
TIM-3 T cell immunoglobulin domain and mucin domain protein 3
BCR B-cell receptor
TIB tumor infiltrating B lymphocyte
IPEX immunedysregulation polyendocrinopathy enteropathy X-linked
Foxp3 forkhead box protein P3
CTLA-4 cytotoxic T-lymphocyte associated antigen-4
NK cell Natural killer cell
TRAIL TNF-related apoptosis-inducing ligand
MICA/B MHC class I chain-related gene A and B

NKG2D natural killer group 2 member D
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NKT cell Natural killer T cell
a-GalCer a-galactosylceramide
TME tumor microenvironment
RT-MPS Microparticles released from irradiated tumor cells
DSB DNA double-strand break
LTB lymphotoxin beta
TAN tumor-associated neutrophils
ROS reactive oxygen species
NE neutrophil elastase
MMP-9 matrix metalloproteinase-9
NSCLC non-small cell lung cancer
NLR neutrophil-to-lymphocyte ratio
PFS progression-free survival
(O8] overall survival
CAR-T cell Chimeric antigen receptor- T cell
CXCR4 CXC chemokine receptor 4
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