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Abstract---CAR T cell therapy is a cutting-edge method of treating
cancer that entails altering a patient’s own T cells to improve their
capacity to combat cancer cells. This is accomplished by giving the T
cells chimeric antigen receptors (CARs), which give them ability to
recognize and precisely target cancer cells. T cells from the patient are
first removed, and then their genes are modified to include CARs. The
modified T cells are then reintroduced to the patient's body where they
can more successfully target and eliminate cancer cells. CAR T cell
immunotherapies and checkpoint inhibitors, notably PD-1
antagonists, have emerged as promising cancer therapeutic
modalities. In this study, a novel method for producing PD-1-deficient
anti-CD19 CAR T cells was devised, which combines lentiviral
transduction with Cas9 ribonucleoprotein (Cas9 RNP)-mediated gene
editing. The modified CAR T cells showed enhanced clearance of
PDL1+ tumor xenograft in live animal models and higher efficacy in
killing tumor cells in laboratory trials by interrupting the Pded1 (PD-1)
gene. The combined effects of PD-1 disruption and CAR T cell therapy
have the potential to significantly improve cancer immunotherapy.
The genetic engineering is facilitated through a lentiviral-based vector,
which is derived from an engineered form, used to introduce the CAR
into the T cells. The CAR acts as a biological "program" that enables
the modified T cells to recognize and target a specific antigen present
on the surface of tumor cells. To ensure safety, the CAR T cells are
carefully designed to exclusively target an antigen found on tumor
cells and not on healthy cells. This targeted specificity helps minimize
the risk of attacking normal tissues and maximizes the potential for
effectively eliminating cancerous cells. Mice blood pressures were
taken for 7 days (day and night) for behavior and any impact on CAR
T cells purpose. The results of the study offer up new directions for
investigating specialized and exact gene editing techniques to boost
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the effectiveness of CAR T cell therapy and advance the area of cancer
immunotherapy.

Keywords---CAR T cells, Cas9 RNP, PD-1, PD-L1, CRISPR/Cas9.

1 Introduction

In the realm of cancer immunotherapy, CAR T cell therapy has become an
innovative treatment. It entails modifying a patient's own immune T cells to more
effectively identify and combat cancer cells. When used to treat certain cancers,
notably hematological malignancies like leukemia and lymphoma, this therapy
has demonstrated astoundingly effective results. The process of CAR T cell
therapy begins with the collection of T cells from the patient's blood. These T cells
are then genetically modified in the laboratory to express chimeric antigen
receptors (CARs) on their surface. The CARs are designed to target specific
antigens present on the surface of cancer cells. Once the CAR T cells are
multiplied in the lab, they are infused back into the patient's body, where they
can locate and destroy cancer cells more effectively. Specific types of B cell
leukemia and lymphomas may be treated with chimeric antigen receptor (CAR) T
cells. Effectively tackling various liquid and solid tumor types still presents
difficulties, though. It is now possible to improve CAR T cell treatment by genetic
modification or disruption thanks to the development of CRISPR/Cas9-based
gene editing for primary human T cells. This study evaluated the possibility of
enhancing anti-CD19 CAR T cells by blocking the PD-L1 receptor on tumor cells.
Genetically altered human CAR T cells were created using a technique that
combines lentiviral transmission with Cas9-based gene disruption. The study
evaluated whether Cas9-mediated disruption of PD-1 in CAR T cells could
improve their ability to fight tumors both in vitro and in real creatures using a
xenograft tumor model. The success of CAR T cell therapy has been particularly
significant in cases where traditional treatments like chemotherapy and radiation
have failed or have not been effective enough. It has offered new hope to patients
who had limited treatment options and potentially provides long-term remission
for some patients.1-¢

Despite its success, CAR T cell therapy is not without challenges. One of the
significant challenges is the potential for severe side effects, known as cytokine
release syndrome (CRS) and neurologic toxicities, which can be life-threatening in
some cases. Researchers are continually working to improve the safety and
efficacy of CAR T cell therapy, and there have been advancements in managing
these side effects.”-9

The PD-1/PD-L1 axis intimately controls T cell activation and destiny. While PD-1
is momentarily increased on activated T cells, its persistent expression is linked to
T cell weariness, which is characterized by decreased activity. This behavior is
seen in advanced cancer tumors and T lymphocytes invading persistent viral
infections. PD-1, PD-L1, and PD-L2 ligands are frequently associated with
different prognosis in a variety of cancer types. The PD-1/PD-L1 axis plays a
crucial role in anti-tumor immunity, since studies have shown that blocking
antibodies against PD-1 or PD-L1 can trigger powerful anti-tumor immune
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responses in patients with various malignancies. The purpose of the study was to
determine if deleting Pdcd1 gene from CAR T cells could result in the development
of T cells with improved tumor cell detection and elimination skills. Although
prior research has suggested that inhibiting PD-1 can improve the efficacy of CAR
T cells, it is unclear how much PD-1 affects these cells. As widespread PD-1
inhibition may have negative effects, directly targeting Pdcd1l within CAR T cells
may offer a less dangerous method of overcoming tumor-related immune
suppression. According to the research, blocking the TCR and removing Pdcdl
from CAR T cells may inhibit the activation of self-reactive T cells.10-14

This study sought to determine whether primary human CAR T cells natural
Pdcdl gene disruption could enhance these cells capacity to fight tumors.
However, by utilizing Cas9 to destroy the Pdcd1 gene inside the CAR T cells, this
inhibition may be overcome. Lentiviral transduction and CRISPR-based gene
editing were very effective methods for introducing genetic alterations. Future
improvements to cell therapy products could result from this finding, making
them safer and more potent against tumors. As with any emerging field, ongoing
research and clinical trials are crucial for the development of safe and effective
gene therapy drugs and CAR T cell therapies. The hope is that these innovative
approaches will continue to improve and become more accessible, providing new
and improved treatment options for cancer patients in the future.15-24
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Figure 1: CAR-T cell therapy

CAR-T cell therapy is a kind of treatment in which a patients T cells are
genetically engineered in lab and bind with a specific proteins (antigens) on
cancer cells and kill them. (1) A patients T cells are removed from their blood, (2)
then reprogram the T cells with Chimeric Antigen Receptors (CAR) in the lab. (3)



1839

The millions of CAR T cells are grown in the lab, (4) then CAR T cells are given to
the patients with intravenous infusion. (5) The CAR T cells bind to antigen on the
cancer cells and kill them.

2 Materials and Methods
2.1 In vivo research frame

Institutional animal care gave its approval to all experiments using animals, and
all of them adhered to the standards and regulations the organization had
established.

2.2 T cell extraction, growth and construction of lentiviral vector:

For this research human T cells were obtained from donors who gave their verbal
assent and gave their consent voluntarily. Using the EasySep negative selection
technique, CD4+ or CD8+ T lymphocytes were separated and cryopreserved in
RPMI medium containing 20% human AB serum and 10% DMSO. After
defrosting, the cells were placed in T cell medium (TCM), which was supplemented
with IL-2 (18U/mL), to rest for the night before activation. The X-Vivo 15 (Lonza),
3% human AB serum (Valley Biomedical), 45 mM -mercaptoethanol, and 5 mM N-
acetyl L-cysteine components of the TCM formulation. While the lentiviral vector
production process was executed following a specific protocol. The anti-CD19 4-
1BB¢ CAR construct, initially provided by the University of Pennsylvania. To
create the PD-L1 lentiviral vector, a codon-optimized human PD-L1 gene was
synthesized by IDT and inserted into the BamHI site of the lentiviral vector
pHR'SIN: CSW through In-Fusion cloning from Clontech.

2.3 Cell culture condition and characterization

The Iscove's Modified Dulbecco's Medium (IMDM) used in the study, which
provides vital nutrients and growth elements for cell growth and maintenance,
was supplemented with 5% fetal bovine serum (FBS). To ensure ideal cell health
and reproducibility of results. A certain amount of CD19+ K562 cells were treated
to lentiviral supernatant containing genetic material to introduce PD-L1
expression into the cells in order to create the CD19+ PD-L1+ cell line. The cells
were able to acquire the PD-L1 gene and express the PD-L1 protein on their
surface through a process known as transduction.

2.4 Method for intracellular detection and T cell degranulation assessment

The stains from Invitrogen were used in accordance with the directions provided
to prepare the cell surface for staining. Unless otherwise stated, the staining
procedure was performed in RPMI medium supplemented with 1% FBS at a
temperature of 4°C after quenching and washing. For each objective, particular
clones of antibodies from various suppliers were employed. These included BD's
RPA-T8 for anti-CD8, H4A3 for anti-CD107a, EH12.2H7 for anti-PD-1, BD's MIH1
for anti-PD-L1, BD's FN50 for anti-CD69 and BD's HIB19 for anti-CD19. FlowJo
was helpful for analysis due to data collection using an LSR II from BD. While The
CD8+ anti-CD19 chimeric antigen receptor (CAR) T cells used in this test were
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given the opportunity to rest in order to assure best performance. The target cells,
specifically CD19+ K562 cells or CD19+ PD-L1+ K562 cells, were then co-cultured
with these CAR T cells in a ratio of 1:2. Anti-CD107a, a marker frequently used to
evaluate degranulation, a crucial functional response of cytotoxic T cells, was
added to T cell media for the co-culture. The cells were stained with a living or
dead stain and an anti-CD8 antibody after 4 hours of co-culture in order to
distinguish between living and dead cells and to particularly detect the CAR T
cells. The cells were then examined using flow cytometer. Expression of CD107a
is a sign of degranulation, the release of cytotoxic granules by cytotoxic T cells
that contain chemicals that can target and kill target cells.

2.5 Assay for in vitro cytotoxicity and T cells editing via Cas9 RNP

Target cells of two different types- CD19+ (Ag+) K562 cells and antigen-irrelevant
(Ag) K562 cells- were used in this experiment. CellTrace Violet was used to label
the CD19+ cells, while CellTrace Far Red was used to mark the Ag+ cells. In 96-
well plates, 1x103 total K562 cells were planted per well after the CD19+ and
CD19+ PD-L1+ (Ag+) cells were mixed with the Ag cells in a 1:1 ratio. At different
effector-to-target ratios, rested CD8+ anti-CD19 CAR T cells were infused into the
target cells. The cells were extracted and stained with Live/Dead dye to
discriminate between live and dead cells after 18 hours of co-culture. The cells
were examined using flow cytometry to measure the precise lysis of the target
cells by the CAR T cells. While The Cas9 RNP (Ribonucleoprotein) editing
approach was used to modify primary human CD4+ or CD8+ T cells, and the
standard protocol was modified. The T cells were defrosted and given 24 hours of
rest in TCM (T Cell Medium) as the first step in the procedure. In a T cell medium
with added IL-2, the T cells were then activated with anti-CD3 and anti-CD28
antibodies for the following 48 hours. The procedure of alteration was carried out
using the electroporation method. In particular, the 4D-Nucleofecter and Amaxa
P3 primary cell kit were used. It was done using recombinant Cas9 protein from
S. pyogenes. These components made it easier for Cas9 to breach the nuclear
membrane. In a solution of 18 mM HEPES at PH 7.5, 140 mM KCl, 10% glycerol,
and 1 mM TCEP, the Cas9 protein was kept at -80°C, below the freezing point.
Freshly made Cas9 ribonucleoproteins (RNPs) were used for each experiment. To
do this, equal amounts of chemically synthesized tracrRNA and crRNA, both of
which targeted a particular region of the Pdcdl gene's exon 1, were mixed
together. Afterward, the mixture was incubated at 37°C for 25 minutes, producing
a duplex with a 40 uM concentration. In the duplex mixture, S. pyogenes Cas9-
NLS was then gradually added at a concentration of 35 uM. Cas9 RNPs with a
concentration of 18 uM were produced by re-incubating the mixed solution at
37°C for 12 minutes. The previously activated T cells were put through a
technique known as nucleofection employing a mixture comprising 2 ul of the 18
uM Cas9 RNP. These nucleofected T cells were then seeded at a density of 1
million cells per milliliter in a medium called TCM. A 1:1 bead-to-cell ratio of
Dynabeads human T activator anti-CD3/anti-CD28 was present in this medium.
Lentiviral supernatant was added to the cell wells and left to incubate for 20-24
hours in order to introduce the required genetic alterations. After this incubation,
the beads were taken out of the cell mixture three to four days later.
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2.6 Analysis of Pdcd1 disruption and immunodeficient mouse model

A particular PCR (Polymerase Chain Reaction) method was used to increase the
genomic regions encompassing the Cas9 target site within the PD-1 target region.
The specific primers created for PCR that were used to conduct it. Both the
modified and control samples genomic DNA, equal to 100 ng, was utilized in the
PCR process. Kapa hot start high-fidelity polymerase was used according to the
manufacturer's recommendations. While in this study, female NOD-scid-IL-
2Ry-/- (NSG) mice, aged between seven to nine weeks, were acquired from the
USA and utilized as the immunodeficient mouse model. To induce tumor growth,
the mice were subcutaneously injected with either 5x103 logarithmic growth
phase CD19+ K562 cells or CD19+ PD-L1+ K562 cells. Once the tumors reached a
volume of 100-450 mms3, different types of CAR T cells were introduced into the
mice through intravenous injection. The CAR T cells included 2x103 CAR+ CD4+
and 2x103 CAR+ CD8+ control CAR T cells, as well as PD-1 edited CAR T cells.
Tumor growth was monitored over time using an electronic caliper to measure
tumor size longitudinally. The experiment aimed to evaluate the effectiveness of
PD-1 edited CAR T cells in comparison to control CAR T cells in targeting and
shrinking the CD19+ and CD19+ PD-L1+ tumors in the immunodeficient mouse
model. Monitoring tumor growth provided valuable insights into the potential
therapeutic impact of the modified CAR T cells in cancer treatment.

3 Results

The study's goal was to determine whether the presence of PD-L1 on tumor cells
may impair CAR T cells ability, created CD19+ PD-L1+ K562 cells by introducing
human PD-L1 into CD19+ K562 myelogenous leukemia cells, resulting in tumor
cell lines that expressed PD-L1. These K562 cells were selected because to their
absence of MHC I expression and the fact that they do not cause CD8+ CAR T
cells to undergo TCR-mediated signalling, thereby removing any potential
complicating considerations. So used a second-generation anti-CD19 4-1BB CAR,
recognized for its powerful anti-tumor properties. They used primary human
CD8+ T cells, which were subsequently genetically transformed using a lentiviral
vector harboring the anti-CD19 CAR after being stimulated with anti-CD3/anti-
CD28 beads. To evaluate PD-L1's effect on CAR T cell performance, these modified
CD8+ T cells were stimulated by either CD19+ or CD19+ PD-L1+ K562 cells.
According to the results, targets that were CD19+ PD-L1+ showed 12% less
degranulation and were 10-35% less likely to be destroyed by anti-CD19 CAR T
cells during an overnight killing trial. These results strongly suggest that primary
human CD8+ T cells carrying the anti-CD19 4-1BB CAR cannot effectively fight
cancer cells when PD-L1 expression is present on tumor cells.

3.1 Tumor clearance

This study's major goal was to determine whether the presence of PD-L1 may
affect how well CAR T cells functioned and how well tumors were cleared in an in
vivo environment. So used the NOD-scid-IL-2RY/ (NSG) mice, an immunodeficient
animal model, to accomplish this. By subcutaneously injecting either 5x103
CD19+ K562 cells or CD19+ PD-L1+ K562 cells into these animals, tumors were
created. The tumors on the mice were given time to expand to a size of roughly
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100-220mm. Next, the intravenously transferred 2x103 CD4+ and 2x103 CD8+
anti-CD19 CAR T cells into the mice. The inclusion of both CD4+ and CD8+ CAR
T cells mimicked current clinical protocols for CAR therapy. This experimental
design allowed to observe and compare the clearance of tumors in the presence of
PD-L1 (CD19+ PD-L1+ tumors) versus tumors without PD-L1 (CD19+ tumors). To
understand the effect of PD-L1 on CAR T cell function and its potential impact on
the efficacy of CAR T cell immunotherapy in vivo by assessing tumor clearance in
response to the transplanted CAR T cells. The results of this study could have a
big impact on how CAR T cell therapies are improved to be more successful
against tumors that express PD-L1.
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Figure 2: This work investigates how anti-CD19 CAR T cell function is influenced
by the presence of PD-L1 in K562 myelogenous leukemia cells, both in controlled
laboratory settings and in living organisms. In Panel (A), the information shows
that CD8+ anti-CD19 CAR T cells exhibit less degranulation after being re-
stimulated with CD19+ PD-L1+ K562 cells. This decrease in degranulation was
noticed in numerous separate trials. The experiment is shown in Panel (B), where
CD19+ PD-L1+ K562 cells show resistance to lysis by anti-CD19 CAR T cells in an
in vitro killing assay. When compared to CD19+ K562 cells, there is less selective
lysis, which demonstrates this. A comparison of CD19+ PD-L1+ and CD19+ cells
for normalized killing is shown in Panel (C), along with details of the experimental
setup. The results of subcutaneous xenograft tests are presented in Panel (D),
which conclusively demonstrate that CD19+ PD-L1+ cells impair the ability of
anti-CD19 CAR T cells to eradicate tumors. These panels show how, in both
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controlled lab settings and real-world circumstances, PD-L1 expression in tumor
cells can reduce the potency of anti-CD19 CAR T cells.

3.2 Gene editing based PD-1 deficient human CAR T cells

The objective of the study was to create a unique technique that combine Cas9
ribonucleoprotein (RNP) gene editing with lentiviral transduction of primary
human T cells. It had been demonstrated in earlier research that Cas9 RNP
electroporation was a useful technique for gene editing in primary human T cells.
In this modified technique, T cells were first stimulated with anti-CD3 and anti-
CD28 antibodies to confirm their readiness for CAR transduction and gene
editing. The Cas9 enzyme was used to make it possible for the T cells to precisely
and exclusively delete the PD-1 gene. Following gene editing, the T cells were
transduced with the anti-CD19 CAR wusing a lentiviral vector, effectively
engineering them to target CDI19-expressing cancer cells. To support the
expansion of the modified CAR T cells, they were cultured with anti-CD3/anti-
CD28 beads, allowing for proliferation and amplification. This novel approach
targeted to reduce PD-1 expression by combining Cas9 RNP gene editing with
lentiviral transduction to improve the functioning of CAR T cells. The final
objective was to enhance the anti-PD-L1+ cancer cell activity of CAR T cell
immunotherapy, perhaps resulting in improved cancer treatment outcomes. The
success of PD-1 removal and CAR transduction accomplished using lentiviral
transduction was assessed using flow cytometry analysis performed 2-4 days
after performing nucleofection on the cells. Sequencing was done on both the
Cas9 control and PD-1 edited samples to confirm the molecular-level editing.
These results confirmed that the PD-1 gene was successfully edited.

3.3 CARTT cells of PD-1 edited genes

In lab experiments, PD-1 edited anti-CD19 CAR T cells were used to examine how
the absence of PD-1 affects CAR T cell functionality. Large cell populations, both
edited and unedited cells, were used for these tests. The findings showed that
editing of Pdcdl (PD-1) was efficient in correcting the lack of degranulation seen
in CD8+ CAR T cells after being stimulated by CD19+ PD-L1+ tumor cells, as
opposed to the control cells that underwent Cas9 nucleofection without PD-1
disruption. Furthermore, the study evaluated the ability of PD-1 edited anti-CD19
CAR T cells to destroy both CD19+ and CD19+ PD-L1+ targets. The outcomes
revealed that PD-1 edited CD8+ CAR T cells exhibited enhanced efficacy in
eliminating PD-L1+ tumor cells compared to the control cells subjected to Cas9
nucleofection. In short, these findings suggest that disrupting Pdcdl can
effectively reverse functional impairments caused by PD-L1+ tumor cells in CD8+
anti-CD19 4-1BB(¢ CAR T cells, highlighting the potential of this approach to
improve CAR T cell therapy against such tumors.

The study found that PD-1 modified CAR T cells significantly outperformed
control anti-CD19 CAR T cells in tumor clearance, especially in mice with initial
tumor diameters between 100 and 220 mm. Compared to animals treated with
PD-1 modified CAR T cells, only one out of five mice treated with control anti-
CD19 CAR T cells shown complete tumor eradication in 25 days after tumor
implantation. The number of CAR T cells transplanted had an impact on how well
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the treatment worked. Mice that received 2x103 CD4+ CAR+ and 2x103 CD8+
CAR+ cells of either control or PD-1 modified cells failed to show tumor
eradication. Although this difference was not deemed statistically significant, the
median survival of animals treated with PD-1 modified cells was 33 days as
opposed to 20 days for those receiving control cells. In cases where animals had
smaller initial tumors (50-80 mm) and were treated with a larger quantity of CAR
T cells (4x103 CD4+ CAR+ and 4x103 CD8+ CAR+ cells), PD-1 edited CAR T cells
demonstrated quicker tumor clearance compared to the control cells. It's worth
noting that both un-edited and edited cells managed to clear CD19+ PD-L1+
tumors when the initial tumor burden was low and a high dose of T cells was
administered. In conclusion, these findings indicate that specifically targeting the
Pdcd1l gene using CRISPR technology can enhance the in vivo effectiveness of
human CAR T cells against tumors.

This study shows that anti-CD19 4-1BB{ CAR T cells can't operate well when
there is PD-L1 expression on tumors, both in a lab setting under strict control
and in a subcutaneous tumor xenograft model. This problem was solved using a
unique method that combines Cas9 RNP editing and lentiviral transduction to
produce anti-CD19 CAR T cells deficient in functional Pdcd1l. When CAR T cells
were co-cultured with PD-L1+ tumors in vitro, this ground-breaking method
successfully overcame many of the shortcomings that had been noticed, leading
to the successful removal of PD-L1+ tumors in vivo. These results highlight the
PD-1/PD-L1 axis's inhibitory function in limiting CAR T cells' antitumor
capacities. Furthermore, they provide strong proof for the possibility of using
Cas9-based gene editing to boost the efficiency of CAR T cell therapy, bringing up
new opportunities for the advancement of cancer treatment.
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Figure 3: To demonstrate that CRISPR based PD-1 editing rescues anti-CD19 CAR
T cell function in vitro and enhances tumor clearance in vivo panel (A) shows a
diagram in comparison to CAS9 control and APD-1 degranulation. Panel (B)
demonstrate that partially resistant to CD19+ PD-L1+ mediated suppression of
cytolysis are PD-1 modified CAR T cells. It is displayed the % of lysis for control
and PD-1 modified CD8+ anti-CD19 CAR T cells. Panel (C) Clear subcutaneous
CD19+ PD-L1+ tumor xenograft and improved anti-tumor effectiveness are shown
by PD-1 defective anti-CD19 CAR T cells. In panel (D) only one out of five mice
treated with control anti-CD19 CAR T cells shown initial tumor (100-220mm)
eradication in 25 days after tumor implantation. In cases where mice had smaller
initial tumors (50-80 mm) and were treated with a larger quantity of CAR T cells
demonstrated fast tumor clearance compared to the control cells.

3.4 Mice blood pressure

In the cardiac cycle, during one heartbeat of maximum pressure is systolic while
minimum pressure of between two heartbeats is diastolic. Mice blood pressure
were taken for consecutive seven days (day and night) to check behavior, on
different blood pressure mice were behave differently, only two mice were used for
this purpose. The blood pressure impact on the CAR T cells were noticed but
more authentic research data is required.
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Figure 4: Mice blood pressure

The panel (A-1 and B-1) describing the two different mice average systolic and
diastolic data, while (A-2 and B-2) is presenting distribution data of systolic and
diastolic. Heart log app from Apple store was used for graphical data.

4 Discussion

Several issues that are raised by the results of this study. According to earlier
studies on TCR signalling, PD-1 activation can reduce Akt pathway signalling and
have other outcomes. Uncertainty still exists regarding the precise mechanisms
by which the combination of PD-1 and PD-L1 affects the activation of CAR T cells.
Finding the precise threshold at which PD-1 interaction impairs CAR T cell
signalling or function will open the door for the development of CARs with extra or
alternative costimulatory domains that can combat PD-Ll-mediated immune
suppression. Finding this key threshold might make it easier to create and
improve CARs that are more resistant to PD-L1's inhibitory effects. It will also be
crucial to determine whether the deletion of Pdcd1 has different effects depending
on the particular type of CAR being used. Different costimulatory domain-carrying
CAR T cells display a range of phenotypes, activity levels, and PD-1 expression.
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For CAR designs to attain the best anti-tumor activity, an understanding of these
subtleties will be essential.

In order to control the immune response and keep the body's immune system in
balance, PD-1/PD-L1 and CD8+ T cells work together. On the surface of T cells,
particularly CD8+ T cells, is a receptor called PD-1 (Programmed Cell Death
Protein 1). The ligand PD-L1 (Programmed Death-Ligand 1) is expressed on a
variety of cells, including certain immune cells and cancer cells. When CD8+ T
cells come into contact with malignant or contaminated cells, they get activated
and launch an immune response to destroy the aberrant cells. To prevent overly
inflammatory conditions and tissue damage, this reaction must be strictly
managed.

There is widespread agreement that PD-1/PD-L1 and the depletion of CD8+ T
cells are related. As a result, this study's main objective was to look at CD8+ T
cells in a lab setting. However, this work included both CD4+ and CD8+ T cells for
its in vivo investigations because the clinical trials now investigating CAR T cell
therapies frequently include both CD4+ and CD8+ T cells. Surprisingly, it was
shown that the ablation of Pdcdl in CD4+ T cells stopped this process of fatigue
and improved tumor clearance. Future studies should therefore focus further on
investigating the effects of disrupting Pdcd1l in CD4+ and CD8+ CAR T cells, both
separately and in combination. Gaining a deeper understanding of the possible
advantages and drawbacks of Pdcd1 modification across various T cell subsets in
the context of CAR T cell treatments depends on this thorough investigation.

Engineered human xenograft models provide a regulated setting for researching
particular biological processes. Additional studies using T cells in models with
different inhibitory receptors may be helpful in examining the effect of inhibitory
receptor signalling on CAR T cell activity. A powerful and effective technique for
research and breakthroughs in adoptive immunotherapy is the genetic alteration
of primary human T cells. Modifying Pdcdl in CAR T cells could improve their
anti-tumor efficiency, especially for lymphoma patients, and possibly lower the
number of cells needed for treatment. The possibility that Pdcd1-deficient CAR T
cells can express auto-reactive T cell receptors (TCRs) and cause autoimmune
adverse effects akin to those seen with systemic PD-1 antibody suppression must
be taken into account. The insertion of guide RNAs that target the endogenous
TCR and subsequent selective reduction of TCR+ cells could be an approach to
reduce this danger. To reduce the danger of graft-versus-host illness, this strategy
intends to produce highly effective, tumor-specific CAR T cells that do not
recognize non-CAR antigens. It is crucial to thoroughly study off-target effects and
genotoxicity related to the given guide RNAs before applying CRISPR/Cas9-based
therapeutics in human patients. Utilizing powerful Cas9 RNP-based T cell editing
could offer insights into the basic biology of human T cells and possibly uncover
novel targets to improve the effectiveness of anti-tumor T cells. Last but not least,
knock-in genetic alterations could be used to investigate gain-of-function
mutations, providing chances to develop improved cellular therapeutics for a
variety of illnesses. The ability to perform targeted genome engineering of human
tumor-specific T cells and examine their functional effects both in laboratory
settings (in vitro) and within living organisms (in vivo) is anticipated to
significantly influence the development of the next generation of immunotherapies
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for cancer. Accurately alter the genetic make-up of T cells to improve their anti-
tumor capabilities by using cutting-edge genome editing tools like CRISPR/Cas9.
Through focused engineering, CAR T cells can be produced that are more potent,
more tumor-specific, and have less off-target effects. The effectiveness and safety
of modified T cells can be evaluated in vivo studies using animal models, such as
mice xenograft or patient-derived xenograft (PDX), in a setting that is more
physiologically realistic. The mice's blood pressure during the experiment was
also helpful for research data. Important information on the therapeutic potential
and potential negative consequences of the modified T cells is obtained by
observing their interactions with tumor cells and the host immune system in vivo.
Overall, the use of targeted genome engineering along with functional evaluations
in both in vitro and in vivo environments enables the development of more potent
and secure cancer immunotherapies. With the advent of a new era in cancer
immunotherapy and improved therapeutic results for patients, this strategy holds
out the possibility of personalized and precise treatments that can target tumors
with previously unheard of accuracy.

5 Conclusion

The study demonstrated that CAR T cells capacity to kill tumor cells, both in
controlled laboratory settings and within living individuals. Overall, this study
highlight how precise genome editing could improve existing cell-based therapies
and ultimately increase the effectiveness of CAR T cell immunotherapy. It clarifies
the promising strategy of applying genetic alterations to increase the effectiveness
of CAR T cells against malignant cells.
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