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Abstract: Chimeric Antigen Receptor T-Cell Immunotherapy is known as CAR-T, The
clinical therapeutic benefits in cancer and tumor cells are significant. Cancer and tumor cells
have long been among the most serious threats to human life safety. The advent of CAR - T
has made it possible to use immunotherapy to specifically target and eliminate tumor cells.
However, there is still a need for a systematic review to summarize the recent advancements
in the genetic research of CAR-T cells, thereby assisting researchers in the development of
this significant technology. In this review, first of all, expound on the principles of CAR - T
therapy for the treatment of cancerous tumor cells. Subsequently, reflect on the gene-editing
cases of the technology cells over the past five years since 2018, summarizing the efficacy
and significance of gene editing for CAR-T. Lastly, review the application of the technology
in cancer therapy and outline the future research directions and development prospects for
CAR-T cells. Over the past five years, the introduction of a plethora of innovative CAR-T
cell therapies in the field of gene editing has indicated that gene editing has addressed some
of the inherent issues in CAR-T cells to varying degrees, significantly enhancing the
feasibility and controllability of the technology in clinical applications. I believe that this
review can provide researchers studying gene editing of CAR-T cells with a clear summary
of research findings. This review article will discuss function of the technology cells and the
benefits of gene editing with CAR-T cell, which might help the researchers know the current
research direction.

Keywords: Cancer treatment, CAR-T, gene editing, tumor cell

1. Introduction

Chimeric Antigen Receptor T-cells (CAR-T) are a novel and precise targeted therapy for treating
tumors . However, this groundbreaking treatment technology was first proposed by Prof. Zelig Eshhar
in 1988 (Italy)[1]. The therapy of CAR-T cells, once proposed, has garnered global attention and
become a hot topic in the field of biotherapeutics. Consequently, CAR-T technology has advanced
rapidly, evolving from the first generation of CAR-Ts to the recent fourth generation[3]. The structure
of CAR-Ts has been more thoroughly explored, and the genetic modification techniques within them
have become increasingly sophisticated. The development of successive generations of CAR-Ts has
been trending towards universality, high efficiency, safety, and tolerability, progressing step by step
in these directions . CAR-T cells have shown significant clinical benefits in the treatment of cancer
and tumor cells , but also some problems. For instance, [2] CAR-T have achieved complete remission
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rates of up to 50-90% in the treatment of certain B-cell malignancies. However, [3] CAR-T are
associated with toxicity issues, consisting of cytokine release syndrome and neurotoxicity[4]. CAR -
T has demonstrated efficacy in treating specific types of B - cell leukemia or lymphoma. Nevertheless,
[5] CAR - T cells may experience functional impairment, and two main states of dysfunction are
exhaustion and senescence[6]. The therapeutic efficacy of CAR-T cells is relatively low in solid
tumors compared to hematological malignancies. [7] For patients who have H3K27M-mutated
diffuse intrinsic pontine glioma (DIPG) or spinal cord diffuse midline glioma (DMG), GD2-CAR-T
cell therapy has a bright future[8]. CT041 may become an significant treatment option for the patients
with advanced gastric cancer. [9] The combination of CRISPR and CAR-T technology addresses
issues related to the use of viral vectors and random integration[10]. CAR-T cells which are in vivo
generation have great potential as a therapeutic platform for various diseases.

2. The Origin and Principle of Car-T

T-cells, a kind of T lymphocyte, originate from bone marrow stem cells and are a subset of white
blood cells in the human body. They possess receptors on their cell surface that can specifically
recognize certain foreign cells and induce apoptosis. The CAR-T technology essentially involves the
use of genetic engineering to activate lymphocytes T-cells and equip them with chimeric antigen
receptors that are specific to tumor cells. This allows the T-cells to specifically recognize these
particular tumor cells and release immune factors through an immune response, efficiently and
specifically killing tumor cells, ultimately achieving the goal of treating malignant tumors.This
groundbreaking treatment technology was first proposed by Prof. Zelig Eshhar in 1989 (Italy).

The previous study has already shown the detail of the function and natural structure of the T cell,
especially the Recognition between T cell receptor and MHC, which is the basic of Car-T [2]. It is
this fundamental principle that serves as an essential cornerstone for the genetic engineering of T
cells to enable their specific cancer therapy.Besides,the other one study [3] also introduces the
treatment mechanism of the technology. It mentions CAR, which stands for Chimeric Antigen
Receptor, is a transmembrane molecule on the cell membrane composed of several functional
elements. These transmembrane molecules require the fusion of the scFv (corresponding to the
antigen recognition sequence of the antibody) with a hinge/spacer module and a transmembrane
domain, which is then connected to the intracellular domain through this system. This crucial step for
signal transduction eventually leads to the immune response.However, according to previous
research[4], CARs have not only these advantages, but also a modular design, which allows their
antigen-binding domains and other structural components to be altered, enabling CARs to work more
effectively in specific environments.

These various advantages have made this new technology shine successfully in clinical trials.

3. CAR-T with Gene Editing Engineering the Application of CAR-T in Cancer Therapy.

The development of editing engineering makes the CAR-T come true.Thanks to the researchers
efforts the 4th CAR-T have already been published, which is exactly based on the editing engineering
[3]. Researchers have innovatively designed the technology with the aim of making it safer and more
efficient, enabling CAR - T therapy to be more widely applied to the treatment of various complex
diseases [4].. This includes research on modifying the stimulation region of CAR-T cells through
gene editing, altering the hinge and transmembrane domains, and the particularly typical research on
UCART (Universal CAR-T cells), which utilizes gene editing technology to knock out a portion of
the TCR and address issues such as the autoimmunity and indiscriminate attack on host cells caused
by the transplanted cells.In CAR-T cell therapy, issues such as rapid aging and exhaustion of CAR-
T cells have been observed. To mitigate these problems, review articles [ 5] have suggested methods
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like gene editing to knock out genes that regulate immune checkpoint molecules like PD-1. This can
help to alleviate such issues, allowing the therapy to be more durable and effective.

Four parts: antigen-binding domain, hinge region, transmembrane domain, and one or more
intracellular signal domains constitute the basic structure of CAR-T cells. Research [6] has also
proposed that gene editing engineering can precisely modify each of these regions. Of course,
emerging the technology are also being proposed[9]. By utilizing the CRISPR-Cas9 gene editing
technology, specific genes can be accurately inserted into specific locations of the T cell genome
without the need for viral vectors. This "two-in-one" approach cleverly solves both the problem of
viral vector use and the issues brought about by random integration at the same time. Previous
investigators first optimized the gene-specific integration of T cells without viral vectors, using
dsDNA as a homology-directed repair (HDR) template, pioneering the reality of high homologous
recombination efficiency and cell survival rate. By inserting the anti-CD19 CAR gene fragment into
the AAVSI safe harbor site, a new type of anti-CD19 CAR-T cell was developed, which can better
eliminate tumor cells in xenograft models. About 2 months later,another research team [10] has
developed a method for producing CAR-T cells in vivo by delivering modified mRNA via lipid
nanoparticles (LNPs). This technology can generate transiently effective CAR-T cells. With the
promotion of CAR-T therapy, an increasing amount of clinical data has demonstrated its feasibility
to the world. In 2018 CAR-T cells targeting CD19 have achieved complete remission rates of up to
50-90% in the treatment of certain B-cell malignancies[2]. Testing of various types of CAR-T cells
is also being emphasized by major laboratories, such as evaluating the feasibility, safety, and
tolerability of GD2-CAR T cells, and determining the maximum tolerated dose or the recommended
phase II dose[7]. Researchers are also evaluating the clinical activity of these cells. Given the
randomness of cancer occurrence sites, technologies for different parts of the body have also been
developed. For instance, CLDN18.2 is a protein that is highly expressed in multiple cancers and can
become a potential target for anti-tumor treatment in digestive system cancers[8]. CAR T cells
(CT041) can specifically recognize this protein, which can achieve good therapeutic effects. The
security, high efficiency, pharmacokinetics, and immunogenicity of CT041 in patients with digestive
system cancers have also been evaluated, making it safer and more reliable for the treatment of related
digestive system cancers.

CAR-T therapy is inextricably linked to gene editing technology. CAR-T therapy serves as a vital
gateway through which the practical applications of gene editing technology make a real impact on
our daily lives. As CAR-T therapy evolves, gene editing technology also advances, with the two
complementing and progressing together, promising a broad and bright future.

4.  The Future Research Directions and Development Prospects for CAR-T .

Though CAR - T cell therapy is known for its significant benefits in treating cancer and tumor cells,
there are also numerous problems to be solved, which are precisely the future research directions and
development prospects for CAR - T cells. Cytokine release syndrome (CRS) and neurotoxicity are
closely related to the severity and probability of the onset of CAR - T - associated encephalopathy
syndrome. Study demonstrated this and provided data describing the linear relationship between
them[3]. They also discussed the research progress of universal CAR-T cells (UCART) and their
toxicity characteristics. However, a clear solution was not directly provided, which implies that
enhancing safety and efficacy could be a way to develop CAR-T. There’s another research mentioned
that even if the success of CAR-T cells in treating hematological cancers, there are fewer successes
in treating solid tumors[4]. It means the applications of CAR-T are still problems that are limited to
some areas, and there are more areas to explore, such as solid tumor cells. The researchers also believe
that synthetic biology and gene - editing techniques should be more widely applied to CAR - T
therapy. From a certain perspective, regarding the two critical states of CAR - T dysfunction [5], how
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to restore dysfunctional CAR - T cells by directly modulating intrinsic pathways and/or utilizing
exogenous signals can also be a significant research direction.In many related research processes [ 3,
4, 6, 8, 10, 11], a common problem has also been found and raised,the security of CAR-T.As a
genetically engineered T-cell, we can imagine how dangerous it would be if it would attack our
healthy cells, like autoimmune diseases. Regardless of how the technology develops, safety should
come first.

Some of the researchers clearly announced that the future of the new technology development is
very positive, and many researchers also put forward constructive suggestions for the development
of CAR-T [4, 6, 11], and also believe that the development of CAR-T will add a strong color to the
development of modern medical development [2, 3, 5,7, 8,9, 10] .

5. Conclusion

CAR - T, as a highly specific and efficient method for treating cancer and tumors, holds great research
value in an era when cancer mortality accounts for 18.7% of all deaths. Clinically, successful cases
of CAR - T therapy undoubtedly encourage researchers to explore this field further. However, CAR-
T cell therapy still has several issues: The emergence of functional impairments such as exhaustion
and senescence; Severe potential lethal toxicities-- CRS and Neurotoxicity. By meticulously
analyzing these issues, we can gain insights into the current state of CAR-T therapy development,
identify the shortcomings of this technology, and provide assistance in setting more defined goals for
the future development of CAR-T.

The relentless efforts of researchers have led to a comprehensive understanding of CAR-T cell
therapy's structural principles, providing a robust foundation for future advancements, while the field
is also witnessing promising developments in gene editing engineering that have resulted in the
creation of four generations of the technology, each featuring genetic constructs that enhance safety
and efficiency. Furthermore, the pursuit of universal CAR - T cells, which can bring the advantages
of convenience and lower therapy costs, is emerging as a dominant trend in this field. If the challenge
of maintaining specificity while enhancing universality can be successfully overcome, it has the
potential to further enhance CAR - T therapy.
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