



Nobel

Book immuno









                    
                    
UUID: f6405072-0e04-474d-9f00-110b2b8850a0

This ebook was created with StreetLib Write

https://writeapp.io








        
            
                
                
                    
                    
                        Immunotherapy
                    

                    
                    
                

                
                
                    
                    
                    

  

    

      
Research
And Textbook
    
  



                    
                    
                

                
            

            
        

    
        
            
                
                
                    
                    
                        3
                    

                    
                    
                

                
                
                    
                    
                    

 








 









  

    
Chapter1:
    T-cell transfer therapy 
  





  

    
Chapter2:
    Monoclonal antibodies 
  




 








 








  

    

      

        
Author
in Chief:
      
    
  
  

    

      

Aliasghar Tabatabaei Mohammadi
    
  



  

    

      
Gmail:

    
  
  

    

      

        

          
Dr.Alitabatabaei98@gmail.com
        
      
    
  




  

    

      

        

          
Melorin
          Biotech, London, UK
        
      
    
  


  

  




  

    

      

        

          
https://orcid.org/
        
      
    
    

      

        

          

            

              
0000-0002-3285-8701
            
          
        
      
    
  



 








  

    

      

        
Authors
      
    
  



  
	

  

    

      
Kiumarth
              Amini
    
  








  

    
Chapter:
    
  


  
2



  
	

  

    

      

        
Zahra
                Karimghasemi
      
    
  








  

    
Affiliation:
  


  

    

    Department of paramedical
    


    Kerman university of medical science.
    Iran
  




  

    
Gmail:
  


  

    

    zahrakarimghasemi0@gmail.com
  




  

    
Chapter:
    
  


  
2



  
	

  

    

      
Erfan
              Ghanbarzadeh
    
  








  

    
Affiliation:
    
  


  
Melorin
  Biotech, London, UK




  

    
Chapter:
    
  


  
1



  
	

  

    

      
Masoumeh
              Mahdilou
    
  








  

    
Chapter:
    
  


  
1



 








 








 








 








 








 








 








 








 








 








 








 








 








                    
                    
                

                
            

            
        

    
        
            
                
                
                    
                    
                        Chapter1: T-cell transfer therapy
                    

                    
                    
                

                
                
                    
                    
                    

 








  

    
Immunotherapy,
a therapeutic approach to treat highly incurable malignant gliomas,
has shown immense potential due to its tumor-specific cytotoxicity,
minimal side-effects, and durable antitumor effect by memory T
cells.
However, the antitumor activities of endogenously activated T cells
induced by immunotherapy techniques such as vaccination are not
always sufficient to control tumors. This is because tumor-specific
antigens may be self-antigens, and tumors have immune evasion
mechanisms that can avoid the immune surveillance system of the
host.
  



 








  

    
Although
recent clinical results from vaccine strategies for malignant
gliomas
have been encouraging, there are some limitations to these trials,
particularly their failure to expand tumor antigen-specific T cells
reproducibly and effectively. To overcome these limitations, an
alternative strategy called adoptive T cell transfer therapy has
emerged. This therapy involves rapidly expanding tumor-specific T
cells ex vivo and then transferring them to patients.
  



 








  

    
Moreover,
enhanced biologic functions of T cells generated by genetic
engineering and modified immunosuppressive microenvironment of the
host by homeostatic T cell expansion and/or elimination of
immunosuppressive cells and molecules can induce more potent
antitumor T cell responses. This makes the adoptive T cell therapy
strategy hold promise in promoting a patient response for malignant
glioma treatment.
  



 








  

    
Recent
progress in adoptive T cell therapy for malignant gliomas has
brought
new hope to patients with this disease. The feasibility and safety
of
this approach have been demonstrated in several clinical trials.
Additionally, researchers are exploring novel techniques to enhance
the efficacy of adoptive T cell therapy. These include using
chimeric
antigen receptor (CAR)-T cells or T cell receptor (TCR)-T cells,
which are genetically engineered to target specific antigens on
tumor
cells.
  



 








  

    
In
summary, while immunotherapy has shown promise in treating
malignant
gliomas, adoptive T cell transfer therapy offers an alternative
approach that has demonstrated impressive results in clinical
trials.
The future of this therapy looks bright, as researchers continue to
explore novel techniques to enhance its efficacy and safety.
  



  

    
Despite
the advancements in multimodality therapies, including surgery,
radiotherapy, and chemotherapy, the prognosis for malignant glioma
patients remains grim. These tumors are aggressive and challenging
to
treat, with high rates of recurrence and resistance to traditional
treatments. Therefore, there is a pressing need for innovative
therapies that can improve patient outcomes.
  



 








  

    
Immunotherapy
has emerged as a potential therapeutic approach for highly
incurable
malignant gliomas. This treatment strategy harnesses the body's
immune system to target cancer cells specifically while sparing
healthy tissue. However, immunotherapy trials have yielded both
encouraging results and disappointing limitations as an alternative
therapeutic approach.
  



 








  

    
On
one hand, some patients have shown remarkable responses to
immunotherapy, achieving long-term remission or even cure. On the
other hand, not all patients respond to immunotherapy, and the
benefits may be limited in some cases. In addition, immunotherapy
can
cause adverse effects, such as autoimmune reactions, which can
limit
its use.
  



 








  

    
Despite
these challenges, research in immunotherapy continues to advance,
with new strategies aimed at improving response rates and
minimizing
toxicities. For example, combination therapies that combine
different
types of immunotherapy or combine immunotherapy with traditional
treatments like chemotherapy or radiation therapy show promise in
improving patient outcomes.
  



 








  

    
Recent
advances in understanding the biology of malignant gliomas and the
immune system are helping researchers develop more effective
immunotherapies. This includes identifying new targets on cancer
cells that can elicit an immune response, developing more potent
immune-stimulating agents, and discovering ways to overcome
tumor-induced immune suppression.
  



 








  

    
In
summary, although the prognosis for malignant glioma patients
remains
poor, immunotherapy has emerged as a promising therapeutic
approach.
While there are limitations to this approach, ongoing research aims
to improve response rates and minimize toxicities. With continued
advances in technology and understanding of the underlying biology,
immunotherapy holds great promise in transforming the treatment of
malignant gliomas.
  



  

    
Tumor-specific
CD8+ cytotoxic T lymphocytes (CTLs) are crucial in the immune
response against cancers. To generate these cells, peripheral blood
mononuclear cells (PBMCs) can be repetitively stimulated with
tumor-associated antigen (TAA) expressing antigen-presenting cells
(APC), such as dendritic cells (DCs). In addition, certain
cytokines
like interleukin- (IL-) 2, IL-7, IL-12, IL-15, and IL-21 can be
added
to enhance the expansion of these cells [3,4].
  



 








  

    
This
process is essential for adoptive cell therapy (ACT), where
tumor-specific T cells are expanded in vitro and then transferred
back into the patient's body to target the cancer cells
effectively.
The antigen sources used for this procedure include major
histocompatibility complex- (MHC-) restricted peptides, recombinant
proteins, tumor lysates, and genetically introduced tumor antigen
genes.
  



 








  

    
Moreover,
CD4+ T cells have also been shown to play a critical role in
antitumor responses. While they do not possess cytotoxic activity
like CD8+ T cells, CD4+ T cells can support the proliferation and
differentiation of other immune cells and produce cytokines that
activate and recruit immune cells to the site of the tumor.
Specifically, CD4+ T cells secrete interferon- (IFN-) γ that
amplifies the immune response against tumor cells [5].
  



 








  

    
Recent
advances in genetic engineering techniques have enabled scientists
to
develop more effective ACT approaches. For instance, chimeric
antigen
receptor (CAR) T cells are genetically engineered T cells that
express CARs on their surface, which enable them to recognize and
attack specific antigens expressed by cancer cells. This approach
has
shown remarkable success in treating hematological malignancies and
is being investigated as a potential treatment option for solid
tumors as well.
  



 








  

    
In
conclusion, the generation of tumor-specific T cells is a critical
step in the development of effective immunotherapies for cancer.
Rapid in vitro expansion of these cells using antigen-presenting
cells and cytokines is a promising approach for adoptive cell
therapy. In addition, CD4+ T cells play an essential role in
antitumor responses and can be harnessed to enhance the immune
response against cancer cells. Finally, advances in genetic
engineering have paved the way for novel approaches like CAR T cell
therapy, which holds promise in treating malignancies that are
difficult to target with traditional treatments.
  



  

    
While
theoretically tumor-specific CTLs can target and kill
TAA-overexpressed tumor cells specifically without affecting normal
cells, the immune system may recognize these TAAs as self-antigens.
This recognition can lead to decreased T cell response to tumor
cells
because TAAs are also somewhat expressed in normal tissues
[6,7].
  



 








  

    
The
body has developed a mechanism of immune tolerance to remove T
cells
with high affinity to self-antigen physiologically. Consequently,
endogenously activated tumor-specific T cells have low affinity to
self-antigen, thus inducing only limited T cell responses to the
tumor cells [8]. As a result, immunotherapy methods that target
TAAs
may not be as effective as desired.
  



 








  

    
To
address this limitation, researchers have developed several
strategies to enhance T cell affinity and improve the immune
response
against cancer cells. One approach involves genetically modifying T
cells to express chimeric antigen receptors (CARs) that recognize
specific antigens on the surface of tumor cells. CAR-T cells can
recognize and attack cancer cells more effectively than
endogenously
activated T cells, leading to potent antitumor effects [9].
  



 








  

    
Another
strategy is to use checkpoint inhibitors, which block inhibitory
signals that cancer cells use to evade the immune system.
Checkpoint
inhibitors can enhance the activity of endogenous T cells and boost
the immune response against cancer cells [10].
  



 








  

    
Additionally,
vaccination approaches have been developed to prime the immune
system
to recognize and attack TAAs. These vaccines are made with TAAs or
their derivatives and can stimulate an immune response against the
tumor cells. Although this approach has shown some promise in
clinical trials, challenges remain in generating robust and
reproducible T cell responses [11].
  



 








  

    
In
summary, while theoretically, tumor-specific CTLs should be able to
target and eliminate cancer cells specifically, the immune system's
recognition of TAAs as self-antigens can limit the immune response
against tumors. However, advances in genetic engineering,
immunomodulatory treatments, and vaccination approaches have shown
promise in enhancing T cell responses against cancer cells. Ongoing
research aims to develop more effective strategies that can
overcome
these limitations and improve outcomes for patients with
cancer.
  



  

    
Tumors
are notorious for their ability to evade the immune system, both
innate and adaptive. They do so by employing various mechanisms
that
interfere with the normal immune response against them.
  



 








  

    
One
of these mechanisms involves modulating major histocompatibility
complex (MHC) antigens and costimulatory molecules on the surface
of
cancer cells. This modulation enables tumors to escape recognition
by
T cells and avoid immune attack. Additionally, tumors can express
Fas
ligand and other apoptotic molecules on their surface, leading to
the
death of infiltrating T cells.
  



 








  

    
Moreover,
some tumors produce inhibitory molecules such as transforming
growth
factor- (TGF-) β and interleukin-10 (IL-10), which suppress the
activity of immune cells, including T cells. These molecules
contribute to tumor immune escape, leading to disease progression
and
treatment resistance.
  



 








  

    
Another
mechanism employed by tumors is the constitutive expression of
indoleamine 2,3-dioxygenase (IDO), an enzyme that depletes
tryptophan, an essential amino acid required for T cell
proliferation
and activation. By reducing tryptophan availability in the tumor
microenvironment, tumors can inhibit T cell responses against
them.
  



 








  

    
Furthermore,
tumors can recruit regulatory T cells (Tregs), a type of immune
cell
that suppresses T cell activity and promotes immune tolerance. The
presence of Tregs in the tumor microenvironment has been associated
with poor clinical outcomes in patients with cancer.
  



 








  

    
In
summary, tumors employ several mechanisms to evade immune
surveillance and promote their survival and spread. These include
modulation of MHC antigens and costimulatory molecules, expression
of
apoptotic molecules, production of inhibitory cytokines,
constitutive
expression of IDO, and recruitment of Tregs. Understanding these
mechanisms is critical in developing effective immunotherapeutic
strategies that can overcome tumor immune evasion and improve
patient
outcomes.
  



  

    
Recent
clinical trials of immunotherapeutic approaches for malignant
glioma
patients, such as tumor cell or dendritic cell (DC) vaccines, have
yielded encouraging results [10-13]. However, these trials have
also
revealed some limitations, particularly in the reproducible and
effective expansion of tumor antigen-specific T cells. This
suggests
that endogenous activation of T cells may not be sufficient to
control tumors.
  



 








  

    
To
address this limitation, adoptive T cell transfer therapy has
emerged
as a promising alternative strategy. This approach involves rapidly
expanding tumor-specific T cells ex vivo and then infusing them
back
into the patient's body. Adoptive T cell transfer therapy offers
several advantages over other immunotherapeutic approaches,
including
the ability to generate large numbers of tumor-specific T cells
that
can persist in the body and target cancer cells with high
specificity
[14].
  



 








  

    
Moreover,
recent advances in gene therapy have opened up new possibilities
for
enhancing the efficacy of adoptive T cell transfer therapy. Genetic
modification of T cells through the introduction of therapeutic
genes
can enhance their cytotoxicity against tumor cells and improve
their
persistence and survival in the body [15].
  



 








  

    
One
approach that has shown success involves the use of chimeric
antigen
receptor (CAR) T cells. These genetically engineered T cells
express
CARs on their surface that enable them to recognize and kill cancer
cells specifically. CAR T cell therapy has produced remarkable
results in treating hematological malignancies, and ongoing
clinical
trials are investigating its potential for solid tumors as well
[16].
  



 








  

    
In
summary, while recent immunotherapeutic clinical trials with tumor
cell or DC vaccines have been encouraging for malignant glioma
patients, there are still limitations to these approaches. Adoptive
T
cell transfer therapy offers a promising alternative strategy that
has demonstrated impressive results in clinical trials. Moreover,
advances in genetic engineering techniques like CAR T cell therapy
hold great promise in enhancing the efficacy of T cell therapy and
improving outcomes for patients with cancer.
  



  

    
The
use of T cells in adoptive cell transfer (ACT) therapy for cancer
treatment is a promising approach and has shown remarkable results
in
some cases. However, to enhance the efficacy of this approach, T
cells can be genetically modified to increase their specificity and
survival against the tumor or to make them resistant to immune
evasion mechanisms employed by cancer cells.
  



 








  

    
Recent
advances in genetic engineering have enabled the development of
several strategies to improve the properties of T cells used in
ACT.
One such strategy is the introduction of chimeric antigen receptors
(CARs) on the surface of T cells. CARs are synthetic receptors that
combine an antibody-derived extracellular domain for recognizing
specific tumor-associated antigens with intracellular signaling
domains that activate T cells upon binding to these antigens
[17].
  



 








  

    
Moreover,
researchers have developed gene-editing tools like CRISPR/Cas9 that
enable precise and efficient modification of T cells. This
technology
has been used to knock out inhibitory molecules expressed by cancer
cells or to insert new genes that enhance T cell function and
persistence [18].
  



 








  

    
In
addition to genetic modifications, combination therapies using
other
therapeutic modalities have also shown promise in enhancing the T
cell response against malignant gliomas. For instance, combining
ACT
with checkpoint inhibitors, which block inhibitory signals that
cancer cells use to evade the immune system, has resulted in
improved
outcomes for patients [19]. Other approaches include combining ACT
with radiotherapy or chemotherapy to enhance the immune response
against residual disease [20, 21].
  



 








  

    
Furthermore,
novel approaches like oncolytic viruses that selectively infect and
kill cancer cells while inducing a potent immune response have
demonstrated impressive results in preclinical studies and are
being
evaluated in clinical trials [22].
  



 








  

    
In
summary, genetic modification of T cells using strategies like CAR
T
cell therapy or gene editing holds great promise in improving the
efficacy of ACT against malignant gliomas. Moreover, combining T
cell
therapy with other therapeutic modalities like checkpoint
inhibitors,
radiotherapy, or chemotherapy can further enhance the immune
response
against cancer cells. With ongoing advances in technology and
understanding of cancer biology, new approaches are being developed
that will transform the treatment of malignant gliomas.
  



 








  

    

      
Immune
Environment of Malignant Glioma
    
  



 








  

    
For
a long time, the brain was believed to be immunologically
privileged
because of various reasons. In early reports, it was noted that
intracranial xenografts were not immediately rejected, leading
researchers to conclude that the brain lacked the ability to mount
an
immune response [28]. Additionally, the brain is physically
isolated
from the systemic immune system by the blood-brain-barrier (BBB),
and
there are no direct connections to the lymphatic system.
  



 








  

    
However,
subsequent studies have challenged this notion of immunological
privilege in the brain. It has been observed that intracranial
xenografts and allografts can be efficiently rejected in
immunocompetent hosts, suggesting that the brain is capable of
mounting an immune response against foreign antigens [29].
  



 








  

    
Moreover,
research has shown that activated T cells can cross the BBB to
enter
the brain parenchyma, indicating that immune surveillance occurs in
the central nervous system [30, 31]. This finding implies that T
cells can recognize and respond to antigens expressed by cancer
cells
in the brain, offering hope for the development of effective
immunotherapies for brain tumors.
  



 








  

    
Furthermore,
it has been discovered that cerebrospinal fluid, which is produced
in
the brain's ventricles, drains into the systemic lymphatics through
channels called lymphatic vessels. This discovery challenges the
previous belief that the brain lacked a direct connection to the
lymphatic system and indicates that immune cells in the CNS can
interact with those in the peripheral lymphoid tissues [32].
  



 








  

    
In
summary, while the brain was once thought to be immunologically
privileged, recent studies have revealed that it is not entirely
cut
off from immune surveillance. The efficient rejection of
intracranial
grafts in immunocompetent hosts, the capability of activated T
cells
to cross the BBB, and the drainage of cerebrospinal fluid into
systemic lymphatics all suggest that the brain has an active immune
system. These findings hold promise for the development of
effective
immunotherapies against brain tumors and other CNS
disorders.
  




  
Despite
  the growing evidence that the brain is not entirely cut off from
  immune surveillance, no specific central nervous system
  (CNS)-associated antigens have been identified as being
  systematically immunogenic but evading immune surveillance within
  the
  brain. This is in contrast to other immunologically privileged
  sites
  such as the testes [33]. 




 








  

    
However,
microglia, the resident antigen-presenting cells (APCs) in the
brain,
play a crucial role in the CNS immune response. Microglia are
involved in maintaining tissue homeostasis, responding to injury or
infection, and promoting tissue repair after injury [34]. These
specialized cells also play a key role in regulating T cell
responses
in the CNS, including inducing tolerance to self-antigens and
promoting inflammation in response to foreign pathogens.
  



 








  

    
Moreover,
recent studies have suggested that the brain may have an
immunologically unique environment that is not yet fully
understood.
It has been proposed that the BBB and other barriers present in the
CNS limit the access of immune cells and molecules to the brain,
creating a specialized immune environment that is distinct from
other
organs in the body [35].
  



 








  

    
Furthermore,
it has been suggested that the different types of immune cells
present in the brain, such as microglia, astrocytes, and
oligodendrocytes, may contribute to the unique immune environment
within the CNS. These cells produce and respond to cytokines and
chemokines that can regulate the activity of immune cells in the
brain [36].
  



 








  

    
In
summary, while no specific CNS-associated antigens have been
identified as being systematically immunogenic but evading immune
surveillance, microglia play a critical role in the CNS immune
response. Moreover, the unique immune environment in the brain,
created by the BBB and the presence of various immune cells,
suggests
that the CNS may have immunologically particular properties that
are
not yet fully understood. Further research in this area will help
to
better understand the immune system's function and regulation in
the
CNS, leading to improved treatments for brain tumors and other CNS
disorders.
  



  

    
A
key step in stimulating an efficient adaptive immune response, even
within the brain, is identifying suitable tumor-specific or
tumor-associated antigens that can be recognized and eliminated by
the immune system. However, malignant glioma is known to be
genetically heterogeneous, with a variety of antigen profiles [48].
This complexity makes it difficult for glioma cells to effectively
process and present antigens to the immune system.
  



 








  

    
Furthermore,
the identification of ideal tumor antigens for immunotherapy is
challenging due to the presence of immune evasion mechanisms
employed
by cancer cells, as well as inhibitory immune cells that limit the
immune response. These factors may render malignant glioma
resistant
to T cell responses, making it difficult to develop effective
immunotherapeutic strategies against this type of cancer.
  



 








  

    
Initial
immunotherapeutic approaches to malignant glioma utilized tumor
lysates derived from autologous irradiated glioma cells as a source
of antigens [50]. While this approach has shown some promise, there
are limitations to using whole-tumor lysates for immunotherapy. For
instance, these lysates contain a diverse array of antigens, some
of
which may not be specific to the cancer cells, leading to potential
off-target effects.
  



 








  

    
To
address this limitation, researchers have been exploring other
sources of antigens for immunotherapy, such as peptides derived
from
tumor-specific mutations, which can be presented by MHC molecules
to
T cells and induce a targeted immune response against cancer cells
[51]. Alternatively, dendritic cell-based vaccines have been
developed, which involve loading dendritic cells with
tumor-specific
antigens, providing a more targeted and specific approach to
immunotherapy [52].
  



 








  

    
Moreover,
advances in gene sequencing technology have enabled the
identification of potential neoantigens, which are unique antigens
expressed only by cancer cells and not normal cells.
Neoantigen-based
immunotherapies hold great promise for inducing a highly specific
and
effective immune response against cancer cells [53].
  



 








  

    
In
summary, the identification of suitable tumor-specific or
tumor-associated antigens is a critical step in developing
effective
immunotherapeutic strategies against malignant glioma. While the
heterogeneity of this cancer makes antigen identification
challenging, advances in technology have enabled the development of
more targeted and specific approaches to immunotherapy, such as
neoantigen-based therapies and dendritic cell-based vaccines.
Further
research in this area will help to develop effective
immunotherapeutic strategies that can overcome the limitations of
current approaches and improve outcomes for patients with malignant
glioma.
  



  

    
Over
the past few decades, researchers have identified numerous
glioma-associated antigens that have the potential to activate a
host-specific T cell response. However, it is still unclear which
antigens are most suitable for inducing an effective immune
response
against malignant glioma.
  



 








  

    
Recent
preclinical and clinical studies have focused on identifying
glioma-specific antigens that can elicit a potent antiglioma
effect.
Among the antigens that have been studied in this context are
IL-13Rα2, human epidermal growth factor receptor 2 (HER2),
epidermal
growth factor receptor variant III (EGFRvIII), and
erythropoietin-producing hepatocellular carcinoma A2 (EphA2)
[19–22,
51].
  



 








  

    
IL-13Rα2
is a cell surface protein that is overexpressed in many gliomas,
making it an attractive target for immunotherapy. Clinical trials
utilizing IL-13Rα2-targeted CAR T cells have shown promising
results
in patients with recurrent glioblastoma [19].
  



 








  

    
HER2
is another potential target for immunotherapy in glioma.
Preclinical
studies have shown that HER2-specific CAR T cells can effectively
kill glioma cells in vitro and in vivo, suggesting that this
approach
may be promising for the treatment of brain tumors [20].
  



 








  

    
EGFRvIII
is a mutated form of the epidermal growth factor receptor that is
expressed in a subset of gliomas. Targeting EGFRvIII with
monoclonal
antibodies or CAR T cells has shown promise in preclinical studies
and is being evaluated in ongoing clinical trials [21].
  



 








  

    
EphA2
is a membrane receptor that is overexpressed in many solid tumors,
including gliomas. EphA2-targeted CAR T cells have demonstrated
potent antiglioma effects in preclinical studies, highlighting this
antigen as a potential target for immunotherapy against brain
tumors
[22].
  



 








  

    
In
summary, while the most suitable glioma-specific antigens for
inducing an effective T cell response are still under
investigation,
recent preclinical and clinical studies have identified several
promising targets. IL-13Rα2, HER2, EGFRvIII, and EphA2 are among
the
antigens that have shown potent antiglioma effects in preclinical
studies and are being evaluated in ongoing clinical trials. Further
research in this area will help to identify optimal antigen targets
for immunotherapy against malignant glioma and improve outcomes for
patients with this devastating disease.
  



 








  

    
The
recruitment of lymphocytes is a crucial step in mounting an
effective
immune response against malignant glioma. While the blood-brain
barrier (BBB) presents a formidable obstacle to immune cell
infiltration, immune cells can still penetrate gliomas at a later
stage of tumor growth when BBB integrity is compromised [52].
Furthermore, peripherally infused cytotoxic T lymphocytes (CTLs)
have
been shown to be capable of entering the central nervous system
(CNS)
and migrating into the brain parenchyma in patients with malignant
glioma [53].
  



 








  

    
To
facilitate the recruitment of immune cells, glioma cells produce
chemokines that act as chemoattractants for various immune cells.
For
example, glioma-derived chemokines such as CCL2, CCL7, and CCL20
can
mediate the recruitment of immune cells to the tumor site [54, 55].
These chemokines enhance immune cell trafficking towards the tumor
by
interacting with their respective receptors expressed on the
surface
of immune cells.
  



 








  

    
In
addition, other factors present in the tumor microenvironment can
also influence immune cell recruitment. For instance, hypoxia,
which
is commonly observed in solid tumors including gliomas, is known to
upregulate the expression of chemokines and other cytokines that
promote immune cell infiltration [56, 57].
  



 








  

    
Moreover,
recent studies have suggested that the microbiome, which is the
collection of microorganisms that reside within the human body, may
play a role in regulating immune cell recruitment to the CNS. The
gut
microbiome, in particular, has been shown to influence immune cell
trafficking to the brain through its effects on systemic
inflammation
and immune cell activation [58].
  



 








  

    
In
summary, the recruitment of lymphocytes is a critical step in
mounting an effective immune response against malignant glioma.
Glioma-derived chemokines such as CCL2, CCL7, and CCL20 can mediate
the recruitment of immune cells to the tumor site, and other
factors
such as hypoxia and the microbiome may also play a role in
regulating
immune cell trafficking into the CNS. Further research in this area
will help to better understand the mechanisms underlying immune
cell
recruitment to the brain and develop strategies to enhance
immunotherapy against malignant glioma.
  



 








  

    

      
Antitumor
Immune Responses of Effector Cells
    
  



  

    
The
use of adoptive cell therapy (ACT) for the treatment of malignant
glioma has evolved over time, with effector cells developing from
lymphokine-activated killer (LAK) cells to more tumor-specific
genetically engineered cytotoxic T lymphocytes (CTLs).
  



 








  

    
LAK
cells are a type of effector cell that can be generated from
peripheral blood mononuclear cells (PBMCs) through culture in the
presence of interleukin-2 (IL-2). These cells have nonspecific
cytotoxicity and can kill a wide range of target cells, including
cancer cells [59]. While LAK cells have shown some promise in
clinical trials, their nonspecific activity can also lead to
off-target effects and toxicity.
  



 








  

    
To
overcome this limitation, researchers have developed more
tumor-specific effector cells for ACT. One approach involves
genetically engineering T cells to express chimeric antigen
receptors
(CARs), which are synthetic receptors that can recognize
tumor-associated antigens and induce T cell activation and killing
of
cancer cells [60]. CAR T cells have shown impressive clinical
efficacy against hematological malignancies, leading to their
approval by the FDA for the treatment of certain cancers
[61].
  



 








  

    
Another
approach to generating more tumor-specific effector cells involves
transducing T cells with T cell receptors (TCRs) specific for
tumor-associated antigens. TCR-engineered T cells have shown
promising results in preclinical studies and early-phase clinical
trials, demonstrating targeted killing of cancer cells while
sparing
normal tissues [62, 63].
  



 








  

    
In
summary, the development of effector cells for ACT in malignant
glioma has progressed from nonspecific LAK cells to more
tumor-specific genetically engineered CTLs. The advent of CAR T
cells
and TCR-engineered T cells has provided new opportunities for
achieving targeted killing of cancer cells while minimizing
off-target effects. Further research in this area will help to
optimize the design and delivery of effector cells for ACT in
malignant glioma and improve outcomes for patients with this
devastating disease.
  



  

    

      
LAK
Cells
    
  



  

    
Autologous
lymphokine-activated killer (LAK) cells are a mixture of T cells
and
natural killer (NK) cells that have been activated by culture in
the
presence of interleukin-2 (IL-2). These cells have shown some
promise
in the treatment of malignant glioma; however, their therapeutic
efficacy is limited by their nonspecific lytic properties.
  



 








  

    
One
major limitation of LAK cells against tumors is that they do not
specifically target tumor cells. This can result in off-target
effects and toxicity, as well as reduced efficacy against cancer
cells. To overcome this limitation, researchers have explored
various
strategies to enhance the specificity of LAK cells for tumor
cells.
  



 








  

    
One
approach involves using autologous tumor cells as an antigen source
in ACT with LAK cells for malignant gliomas [56–59]. By exposing
LAK cells to antigens derived from the patient's own tumor cells,
it
is possible to induce a more specific immune response against the
cancer cells. However, this approach has several limitations,
including the difficulty of obtaining viable tumor cells in
sufficient quantities and the potential for immune tolerance to
tumor
antigens.
  



 








  

    
To
improve the specificity of LAK cells for tumor cells, researchers
have also explored the use of cytokines and other immune
modulators.
For example, IL-12 is a cytokine that can stimulate the production
of
cytotoxic T lymphocytes (CTLs) and NK cells, enhancing their
ability
to recognize and kill cancer cells [64]. Other immune modulators,
such as Toll-like receptor agonists and checkpoint inhibitors, have
also shown promise in enhancing the specificity and potency of LAK
cells against cancer cells [65, 66].
  



 








  

    
Moreover,
recent advances in gene therapy have enabled the development of
genetically engineered LAK cells that express chimeric antigen
receptors (CARs), which are synthetic receptors that can recognize
tumor-associated antigens and induce T cell activation and killing
of
cancer cells [60]. CAR-engineered LAK cells have shown promising
results in preclinical studies and early-phase clinical trials,
highlighting their potential as a more specific and effective
approach to ACT for malignant glioma.
  



 








  

    
In
summary, autologous LAK cells have shown some promise in the
treatment of malignant glioma, but their therapeutic efficacy is
limited by their nonspecific lytic properties. Strategies to
enhance
the specificity of LAK cells for tumor cells, such as using
autologous tumor cells as an antigen source, immune modulators, and
CAR-engineered LAK cells, are being actively explored. Further
research in this area will help to optimize the design and delivery
of LAK cells for ACT in malignant glioma and improve outcomes for
patients with this devastating disease.
  



 








  

    
Despite
several clinical trials investigating the use of intratumoral
injection of lymphokine-activated killer (LAK) cells in combination
with interleukin-2 (IL-2) for glioblastoma patients, most studies
have not shown a significant survival benefit [60–70]. Furthermore,
the use of LAK cells in combination with IL-2 was found to be no
more
effective than the use of IL-2 alone in a phase III trial for other
tumors [71].
  



 








  

    
One
potential explanation for the limited efficacy of LAK cell-based
therapies is that their nonspecific cytotoxicity may lead to
off-target effects and toxicity. In addition, the use of IL-2 as a
cytokine adjuvant for LAK cell therapy has been associated with
several toxicities, including brain edema and aseptic meningitis,
which have limited its widespread use for malignant gliomas [63,
65,
70].
  



 








  

    
To
overcome these limitations, researchers have explored various
strategies to enhance the specificity and potency of LAK cell-based
therapies. One approach involves combining LAK cells with other
immune modulators such as checkpoint inhibitors, which can enhance
the activity of immune cells against cancer cells by blocking
inhibitory signals in the tumor microenvironment [72]. Other
strategies include using genetically engineered LAK cells that
express chimeric antigen receptors (CARs), which can recognize
tumor-associated antigens and induce T cell activation and killing
of
cancer cells with high specificity [60].
  



 








  

    
Moreover,
recent studies have highlighted the potential of combining LAK cell
therapy with other treatment modalities, such as radiation therapy
and chemotherapy, to enhance their overall efficacy [73, 74].
Combining LAK cell therapy with radiation therapy, for instance,
can
enhance the immune response against cancer cells by inducing
immunogenic cell death and promoting the release of tumor antigens
[75]. Similarly, combining LAK cell therapy with chemotherapy can
enhance the susceptibility of cancer cells to immune-mediated
killing
and improve patient outcomes [76].
  



 








  

    
In
summary, while the use of LAK cell-based therapies for malignant
glioma has shown limited efficacy in clinical trials, ongoing
research is exploring various strategies to enhance their
specificity
and potency. Combining LAK cell therapy with other immune
modulators
and treatment modalities such as radiation therapy and chemotherapy
may offer new opportunities for improving their overall efficacy
against this devastating disease.
  



 








  

    

      
NK
Cells
    
  



  

    
In
contrast to adaptive immune responses, innate lymphocytes such as
natural killer (NK) cells and γδ T cells have the ability to
broadly recognize a range of antigens and immediately respond in a
major histocompatibility complex (MHC)-independent fashion [72]. NK
cells, a type of CD3−CD56+ lymphocyte, are known to play a crucial
role in cancer immunosurveillance as innate immune cells. They are
capable of recognizing tumor cells through sensing cellular stress
or
danger signals.
  



 








  

    
Upon
activation, NK cells can directly kill tumor cells without MHC
restriction, making them an attractive candidate for cancer
immunotherapy. In addition, activated NK cells can interact with
dendritic cells (DCs) to facilitate the generation of
antigen-specific cytotoxic T lymphocyte (CTL) responses by
enhancing
their antigen uptake and presentation. Moreover, NK cells can also
induce CD8+ T cells to become CTLs by producing cytokines such as
interferon-gamma (IFN-γ) [73–75].
  



 








  

    
Furthermore,
cytokines produced by NK cells can regulate the production of
antitumor antibodies by B cells. This underscores the importance of
the crosstalk between innate and adaptive immune responses in
mounting an effective antitumor immune response.
  



 








  

    
Recent
studies have demonstrated that both autologous and allogeneic IL-2
activated NK cells can recognize and effectively kill human
glioblastoma cells with stem cell-like properties [76]. This
suggests
that NK cell-based therapies may hold promise as a novel approach
for
the treatment of malignant glioma.
  



 








  

    
Moreover,
researchers are exploring various strategies to enhance the
efficacy
of NK cell-based therapies. For example, combination therapies with
other immune modulators, such as checkpoint inhibitors or
genetically
engineered CAR-NK cells, may enhance the specificity and potency of
the immune response against cancer cells [77, 78]. Additionally,
preclinical studies have highlighted the potential of combining NK
cell-based therapies with other treatment modalities, such as
radiation therapy and chemotherapy, to augment their overall
efficacy
[79, 80].
  



 








  

    
In
summary, innate lymphocytes such as NK cells play a crucial role in
cancer immunosurveillance by broadly recognizing tumor cells and
activating antitumor immune responses. Ongoing research is
exploring
various strategies to enhance the specificity and potency of NK
cell-based therapies for malignant glioma, including combination
therapies with other immune modulators and treatment modalities.
Further investigation in this area will help to optimize the design
and delivery of NK cell-based therapies and improve outcomes for
patients with this devastating disease.
  



  

    
Despite
the limited efficacy of lymphokine-activated killer (LAK) cells in
clinical trials for malignant glioma, recent advances in the
immunobiology of natural killer (NK) cells have sparked renewed
interest in the use of activated NK cells for adoptive cell therapy
(ACT). Animal studies have shown promising antitumor effects in
glioma-bearing mice treated with activated NK cells.
  



 








  

    
One
advantage of NK cells over other immune cells is their ability to
traffic directly to the brain [77], allowing for both peripheral
and
intratumoral administration routes in the treatment of malignant
gliomas. In a rat glioma model, for instance, no therapeutic effect
was observed in animals treated with an intradermally injected
paraformaldehyde-fixed tumor vaccine alone. However, the antitumor
effect of the vaccine was significantly enhanced by intratumoral
injection of interleukin-2 (IL-2)-activated rat NK cells [78].
Similarly, intracranial injection of cytokine-induced killer cells
markedly inhibited intracranial xenotransplanted glioma growth in
mice [79].
  



 








  

    
Moreover,
researchers are exploring various strategies to enhance the
efficacy
of NK cell-based therapies for malignant glioma. For example,
combination therapies with other immune modulators, such as
checkpoint inhibitors or genetically engineered CAR-NK cells, may
enhance the specificity and potency of the immune response against
cancer cells [80, 81]. Additionally, preclinical studies have
highlighted the potential of combining NK cell-based therapies with
other treatment modalities, such as radiation therapy and
chemotherapy, to augment their overall efficacy [82, 83].
  



 








  

    
Furthermore,
the development of new technologies such as gene editing and gene
transfer may enable the engineering of NK cells with enhanced
anticancer properties. For example, NK cells can be engineered to
express CARs that target specific tumor-associated antigens,
providing a more targeted and potent approach to cancer
immunotherapy
[84, 85].
  



 








  

    
In
summary, recent advances in NK cell immunobiology and promising
animal studies have led to renewed interest in the use of activated
NK cells for ACT in malignant glioma. Further research is needed to
optimize the design and delivery of NK cell-based therapies and to
explore new strategies to enhance their efficacy against this
devastating disease.
  



  

    
A
promising clinical trial showed a safe and effective antitumor
response using ex vivo expanded autologous NK cells to treat
recurrent malignant glioma patients [80]. In this study, two out of
nine patients (22%) who received focal and intravenous injections
of
the NK cells showed a partial response. These results suggest that
ACT using activated NK cells may be a viable treatment option for
malignant glioma.
  



 








  

    
Furthermore,
prolonged survival in patients with malignant glioma treated with
tumor-loaded DCs vaccine may be associated with an NK cell
response.
High levels of circulating interferon-gamma (IFN-γ) and an
increased
NK cell vaccine/baseline (V/B) ratio, which was inversely
correlated
with TGF-β2 V/B ratio, were found to be associated with prolonged
survival [81].
  



 








  

    
These
findings suggest that a combination strategy of ACT using ex vivo
activated NK cells following tumor-loaded vaccine may have a potent
antiglioma effect similar to that observed in animal studies. The
use
of NK cells in combination with other immune modulators such as
checkpoint inhibitors or CAR-NK cells may further enhance their
therapeutic efficacy [82–84].
  



 








  

    
Moreover,
recent advances in gene editing and gene transfer technologies
offer
exciting opportunities for the development of next-generation NK
cell-based therapies. For example, researchers have developed
methods
for generating "off-the-shelf" allogeneic NK cells that can
be engineered to express CARs or other immune modulators for
enhanced
specificity and potency against cancer cells [85, 86].
  



 








  

    
In
summary, the use of ex vivo activated NK cells in ACT has shown
promising results in clinical trials for malignant glioma.
Combination strategies with other immune modulators and new
technologies such as gene editing and gene transfer hold great
potential for enhancing the therapeutic efficacy of NK cell-based
therapies against this devastating disease. Further research in
this
area is warranted to optimize the design and delivery of these
novel
therapies and improve outcomes for patients with malignant
glioma.
  



  

    
Tumor
cells have several mechanisms to avoid recognition by natural
killer
(NK) cells, including the expression of major histocompatibility
complex (MHC) class I and ligands for inhibitory receptors on NK
cells [82, 83]. As a result, tumors can become resistant to
NK-mediated cytotoxicity, making it difficult for the immune system
to eradicate cancer cells.
  



 









  
To
  overcome this resistance and enhance tumor recognition by NK
  cells,
  genetic modification can be utilized to enhance the antitumor
  activity of NK cells. For example, genetic modification can be
  used
  to increase the expression of cytokines, Fc receptors, and/or
  chimeric antigen receptors (CARs) on NK cells [84–86]. 




 








  

    
CARs
provide specificity to engineered cells regardless of antigen
processing or MHC-restricted presentation. They directly recognize
tumor cell surface antigens and have shown promising results in
vitro
and in vivo studies against several types of cancers, including
malignant gliomas [95–97].
  



 








  

    
In
addition, gene transfer of cytokines such as interleukin-2 (IL-2),
IL-12, IL-15, and stem cell factor (SCF) can induce NK cell
proliferation and survival, further enhancing their antitumor
potential [87–94]. In particular, IL-2 has been extensively studied
for its ability to stimulate NK cell activation and expansion, and
has shown promise in clinical trials as an adjuvant therapy for
cancer patients [87–89].
  



 








  

    
These
results suggest that ACT using genetically modified NK cells may
hold
promise as a novel approach to cancer immunotherapy, including for
the treatment of malignant gliomas. However, there are still
challenges to overcome, including optimizing the design and
delivery
of these therapies and minimizing off-target effects.
  



 








  

    
Moreover,
recent advances in gene editing technologies, such as CRISPR/Cas9,
offer exciting opportunities for the development of next-generation
NK cell-based therapies. Gene editing can be used to precisely
engineer NK cells with enhanced antitumor properties, including
improved specificity and potency against cancer cells
[98–100].
  



 








  

    
In
conclusion, genetic modification of NK cells is a promising
approach
to overcoming tumor resistance to NK-mediated cytotoxicity and
enhancing the efficacy of cancer immunotherapy. Further research in
this area, including the development of new gene editing
technologies, will help to optimize the design and delivery of
these
novel therapies and improve outcomes for patients with malignant
glioma and other types of cancer.
  



  

    
Despite
the promise of NK cell-based immunotherapy, there are several
potential limitations to its efficacy, including the
immunosuppressive microenvironment of tumors. One major barrier to
the success of NK cell-based therapies is the activation of
myeloid-derived suppressor cells (MDSCs) and regulatory T cells
(Tregs).
  



 








  

    
MDSCs
are a heterogeneous population of CD11b+ and Gr-1+ cells of
immature
myeloid origin. They consist of myeloid progenitors and precursors
of
macrophages, granulocytes, and dendritic cells, and have a strong
ability to suppress a variety of T cell and NK cell functions
[98–100]. MDSCs can also modulate the induction of Tregs [101,
102].
  



 








  

    
MDSCs
increase in number in malignant glioma-bearing mice [77] and
effectively inhibit NK cell-mediated tumor suppression. The
circulating number of these tumor suppressor cells also increases
in
patients with malignant gliomas [103, 104]. Although there have
been
no published studies on human glioma-infiltrating MDSCs to date,
many
preclinical studies have been carried out to improve antitumor
effect
by reducing MDSCs in tumor-bearing animal models [105, 106].
  



 








  

    
Several
strategies have been proposed to overcome the immunosuppressive
effects of MDSCs, including the use of immune checkpoint inhibitors
such as anti-PD-1 and anti-CTLA-4 antibodies [107–109]. Other
approaches include the use of small molecule inhibitors that target
MDSCs directly, such as all-trans retinoic acid (ATRA) [110, 111],
or
those that target the factors responsible for their recruitment and
expansion, such as GM-CSF and VEGF [112, 113].
  



 








  

    
Moreover,
recent research has highlighted the importance of the crosstalk
between MDSCs and other immune cells, such as NK cells, in the
tumor
microenvironment. For example, researchers have shown that NK cells
can directly eliminate MDSCs and enhance their antitumor function
[114–116].
  



 








  

    
In
summary, the immunosuppressive microenvironment of tumors,
particularly the activation of MDSCs and Tregs, represents a major
barrier to the success of NK cell-based immunotherapy. Several
strategies have been proposed to overcome this limitation,
including
the use of immune checkpoint inhibitors, small molecule inhibitors,
and direct elimination of MDSCs by NK cells. Further research is
needed to optimize the design and delivery of these novel therapies
and improve outcomes for patients with malignant glioma and other
types of cancer.
  



  

    
Regulatory
T cells (Tregs) represent another potential barrier to the success
of
NK cell-based immunotherapy in malignant gliomas [107]. Tregs are
known to directly inhibit NKG2D-mediated NK cell cytotoxicity,
effectively suppressing NK cell-mediated tumor rejection by a TGF-β
dependent mechanism. In animal studies, depletion of Tregs via
NKG2D
before NK cell activation markedly enhances NK cell-mediated
suppression of tumor growth and metastases [108].
  



 








  

    
Moreover,
Tregs have been shown to decrease NK cell cytotoxicity and
downregulate the IFN-γ secretion of NK cells responding to IL-12
activation in a TGF-β dependent manner [109]. These findings
suggest
that elimination or inhibition of these immunosuppressive cells can
improve the antitumor effect of ACT using NK cells.
  



 








  

    
Several
strategies have been explored to overcome the suppressive effects
of
Tregs on NK cell function. For example, immune checkpoint
inhibitors
such as anti-PD-1 and anti-CTLA-4 antibodies have been shown to
enhance NK cell-mediated antitumor immunity in preclinical models
[110–112]. Other approaches include the use of small molecule
inhibitors that target the factors responsible for Treg recruitment
and expansion, such as CCR4 and IDO [113–115].
  















