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Abstract: The mechanisms involved in immune responses to cancer have been extensively studied 
for several decades and, considerable attention has been paid to harnessing the immune system's 
therapeutic potential. Cancer immunotherapy has established itself as a promising new treatment 
option for a variety of cancer types. Various strategies including cancer vaccines, monoclonal anti-
bodies (mAbs), adoptive T-cell-cancer therapy and immune test therapy have gained prominence 
through immunotherapy. However, it remains to be accomplished the full potential of cancer im-
munotherapy. In spite of having startling aspects, the cancer immunotherapies have some difficul-
ties including the inability to effectively targeting the cancer antigens and the abnormalities in pa-
tient response. With the advancement of technology, this system has changed the genome-based 
immunotherapy process in the human body including generation of engineered T cells. Due to its 
high specificity, CRISPR-Cas9 has become a simple and flexible genome-editing tool to target nearly 
any genomic locus. Recently, the CD19-mediated CAR-T cell (chimeric antigen receptor T cell) ther-
apy has opened a new avenue for the treatment of human cancer, though low efficiency is a major 
drawback of this process. Thus, increasing the efficiency of the CAR-T cell (engineered T cells that 
induce the chimeric antigen receptor) by using CRISPR-Cas9 technology could be a better weapon 
to fight against the cancer. In this review, we have broadly focused on the use of CRISPR-Cas9 tech-
nology for the modification of the T-cell, which can specifically recognize cancer cells and be used 
as immune therapeutics against cancer. We have also demonstrated the other potential strategies 
for the treatment of cancer.   
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1. Introduction 
Cancer is the major increasing curse for human population throughout the world and 

second leading cause of death after the cardiovascular disease. So, the researchers are try-
ing to ascertain the safe and efficient therapies for cancer treatment among them the 'im-
munotherapy' (i.e., enhance the immunity of body to fight against cancer) is the foremost 
therapeutic approaches [1]. Basically, it provides much potential and stable treatment 
strategy than other traditional cancer treatments. During the last decades, this cutting age 
approach has provided significant response against the cancer patient [2]. In immunother-
apy techniques-T cell, NK cell, dendritic cells are directly involved to fight against the 
rapidly proliferating cells but they need modification for working effectively against can-
cer cells [3].   

Tumor-Infiltrating Lymphocyte (TIL), Chimeric Antigen Receptor (CAR) T cell, En-
gineered Natural Killer cell (NK) therapy, Engineered T cell Receptor (TCR), Antibody 
therapy, immunomodulators, as well as CRISPR-Cas9 technique are common immuno-
therapy strategy among them modification of T cell and CRISPR-Cas9 is the most popular 
[4, 5]. The future perspective of cancer treatment can be succeeded by the CAR-T (chimeric 
antigen receptor-T) cell immunotherapy, where the cells are actually generated by the 
modification of general T cells. Eventually, this modified T cells express pretended pro-
teins recognized as CAR-T receptors which help the CAR- expressing immune cell to rec-
ognize the tumor antigens effectively [6]. In the recent time, many research activities have 
been demonstrated that B-cell lymphoma patients had shown decisive responses by using 
CAR-T cell therapies with using CD19-directed chimeric antigen receptor T cells 
(CART19). In USA, the FDA authorized two CD19-conducted genetically engineered au-
tologous T cells named as Kymriah and Yescarta that applied in the patients who pos-
sessed the acute lymphoblastic leukemia (ALL) and certain types of non- Hodgkin lym-
phoma (NHL), in some respects [7].  

CRISPR-Cas9 is found in bacteria and archaea which is found on the event of type 2 
acquired immune systems in archaea and bacteria that are used to protect the archaea and 
bacteria from bacteriophage and the plasmid which acts as a cellular invader. CRISPR-
Cas9 systems has diverse groups, but the most studied system is type 2 CRISPR-Cas9 
which is used to modify the genome in eukaryotic systems [8, 9]. Moreover, the cancer 
patients have been shown hopeful results by following chimeric antigen receptor (CAR) 
T cell treatment and Engineered T cell receptor (TCR) technology [10, 11]. All these suc-
cessful results were reported in the time of B cell malignancies’ treatment. Solid tumors 
can be hardly removed which contain complex inhibitory receptors. The activity of T cells 
is hampered by exhaustion when the patients are affected with chronic infections and can-
cers. The CAR-T cell therapy can be used to remove solid tumors. The resistant properties 
of T cells increase the activity of CAR-T cell for removing solid tumors. The CRISPR-Cas9 
technique was used as genetic alteration and multiple genomes editing tool [12, 13]  

This current review article explains the importance of diverse immunotherapy strat-
egy but the T cells are effectively damaging malignant cells. It is important to note that T 
cells can be modified using the highly efficient genome editing tool CRISPR-Cas9 for the 
target of increasing the function of T cells for cancer treatment. CRISPR-Cas9 system ex-
hibits a great result in cancer treatment by editing the cancer genomes, removing or re-
ducing the activity of carcinogenic viral infections. The CRISPR-Cas9 system can be used 
to modify or alter gene with high efficacy. It is also used as safe and stable methods for 
cancer treatment rather than traditional treatment. This technique is also used to establish 
the fitness of edited cells and raise immune cell more responsive. All the above-mentioned 
advantages, we are mostly focusing CRISPR-Cas9 technology for immunotherapy in can-
cer treatment through modification of T cells. 

2. Activation of T cell for recognizing the cancer antigens 
Predominantly in the human blood circulating system, the T lymphocytes are ac-

count for approximately 80 to 90% whereas the other 10 to 20 percent is B cells. In the 
blood stream, T-cells are assigned to immunity at the cell level of the tissue, while B-cells 
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have dual responsibility for both tissue and bodily fluid immunity. A diverse group of 
cells like T helper cell and T toxic cell belongs to T cell together and execute different types 
of function to boost immune system in the body. Besides, the indirect immune response 
is induced by releasing cytokines that are carried out via T cells. At the same time, a group 
of T cells is stimulated to the antigen-presenting cells (APCs) of the inborn immune sys-
tem. However, some of the T cells enhance the activity of B cells just because of stimulating 
the intrinsic response. Furthermore, it can identify an antigen in some cases when a lym-
phocyte comes into contact with the antigen in its living state. 

2.1. T cell activation:  
T cell is activated by an antigen-mediated process that is responsible for cellular pro-

gression and transformation of primary T cells into matured cells. This process happens 
via primary signals and its co-activating signals later it triggers the intracellular signal 
transduction cascades that cause new gene expression. Antigen-presenting cells (APC) 
have a protein on their cell surface that attaches to the T cell receptors (TCRs) and this 
complex of protein and receptor is known as signal phase-1 in the case of T cell activation. 
Besides, the major histocompatibility complex (MHC) molecule of the antigen-presenting 
cells (APC) (Figure 1) attach to the T cell receptors [14]. Signal phase-2 of the T cell activa-
tion happens when the costimulatory proteins attach to the co-activating molecules of T 
cell on the surface of APC. In this cascade, the most significant protein B7 executes an 
important role by activating the T cell as B7 protein attaches to the costimulatory proteins 
of the the T cell. T cells cannot damage the body’s own proteins as B7 protein is not pro-
duced in the normal cells of the body [15]. When MHC-1 attaches to the cytotoxic (CD8) 
T cells then it is activated and plays a crucial role in the lysis of target cells. On the other 
hand, the helper (CD4) T cells are activated by attaching the MHC-II which results in mul-
tiple downstream effects [16]. Body’s immunity is regulated by CD4 cells as well as com-
plex and normal immune activities. A group of scientists has demonstrated that CD4 cells 
are reduced in numbers or do not work in AIDS patients. In contrast, the CD4 cells can 
overproduce inflammatory cytokines when CD4 cells are more effective [17]. 
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Figure 1. The Antigen-mediated T cell activation process. Antigen bind to a protein present on the surface of the APC and, 
activate the signal phase-1. Following, signal phase-2 activated by attaching the MHC-2 with T cell receptors and activated 
the T cell [18]. 

Table 1. The types of malignancies with their target antigens and their endo domains. Summary of solid tumor antigens 
targeted by CAR-T cell therapy. . 

Target Antigen Malignancies Endo domains  References 
Epidermal growth factor recep-

tor 
Gastric cancer  [19]  

HER2 
Sarcoma, Glioblastoma, Osteo-

sarcoma 
CD28-CD3ζ [20]     

IL13Rα2 Glioblastoma  CD3ζ [21]       
GD2 Neuroblastoma CD3ζ [22, 23]       
FAP Colon and ovarian cancer CD8α, CD3ζ, 4-1BB [24]      

MSLN 
Pancreatic cancer, Malignant 

pleural mesothelioma 
CD3ζ and 4-1BB [25]  

Table 2. Antigens and type of cancers they cause. Tumor antigens classification depends on their molecular structure and 
their origin also and based on these properties, we can classify the tumor antigen into following categories of TAAs: (i) 
Mutation products of specific genes (In breast cancer, the mutation of Her2 and Ras causes 10% of the carcinomas) (ii) 
Oncogenic virus antigens (iii) abnormal cellular proteins (iv) Types of oncofetal antigens (v) Classes of glycolipids and 
glycoproteins (vi) Types of differentiated tissue specific antigens . 

Antigens Type of Cancer they Cause  References 
NY-ESO-1 Esophageal Squamous Cell carcinoma  [26]    

MAGEA-A3 Melanoma [27]   
WT1 Acute Myelocytic leukemia [28]    

hTERT Viral mediated Cancer [29]      
Tyrosinase Brain and Skin Cancer [30]     

gp 100 Melanoma [31]      
MART-1  Melanoma [31]     
Melan A Melanoma [31]      
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β catenin Melanoma [31]      

3. Importance of T cell in cancer treatment 
T lymphocytes are originated to the bone marrow and its maturation process is reg-

ulated in the thymus gland, which plays significant role in body's immunity and fight 
against the cancer cells. In the human body, there have three types of immune cells which 
fight to damage cancer cells known as the T cells (thymus-dependent cells), the B cells 
(bone marrow-mediated cells), and the natural killer cells (NK cells). Importantly, diverse 
types of T cells which are responsible to damage the cancer cells such as the cytotoxic T-
cells, helper T-cells, regulator T-cells, natural killer cells and memory T-cells. In the Table 
1 and Table 2 data included the types of malignancies with their target antigens, their 
end-domains and the antigens and type of cancers they cause. Moreover, the killer-T-cells 
directly damage the cancer cells and these cells are animated to damage cancer cells when 
they first reach to the cancer cells. The helper-T cells indirectly help the other immune 
cells to damage the cancer cells [32]. There are about five million T cells in a teaspoon of 
our blood which are involved to fight against various foreign toxic substances to keep our 
body healthy. These amorphous blobs move around quite rapidly pushing out their lead-
ing edge and probing their environment as they go [33]. After finding a cancer cell, the 
cytotoxic t cell checks for the tell-tale sign of cancer. They kill their targets using poisonous 
proteins. Then those cytotoxic granules move down special pathway in the cell called mi-
crotubules. The T cells puncture the surface of the cancer cell and deliver its deadly cyto-
toxins. This is very important for our bodies as it focuses the lethal hit on the target and 
minimizes collateral damage to the neighboring healthy cells [34]. The strategies of dam-
aging the cancer cells by the T cells are regulated by many miscellaneous mechanisms. 

T cell therapy for cancer treatment mainly relies on the ability to genetically engineer 
cells with targeted antigen specificity and then induce the cell to proliferate by preserving 
their effector function and homing abilities. Mouse models usually have been used for 
identification and preclinical optimization of tumor therapy nevertheless no mouse mod-
els have been found which can be used as good predictor of successful human response 
to immunotherapy. On the recent time, substantial limitations in some mouse models 
have been found which have important indications for T cell cancer therapy. In particular 
cases, it is reported that many mouse tumor antigen do not represent human tumor anti-
gen [35] which has led to strategies to generate transferred human T cell with appropriate 
specificity of tumor. T cell therapy can be used as efficient treatment for viral infections 
and early stage of cancer. Recent studies such as cellular immunology and tumor biology 
showing new strategies to adoptive T cell therapy. For example, by using engineered T 
cell is being tested as a strategy to increase the function of memory T cells and effector T 
cells through manipulating the host to suppress immune toxic effect in tumor microenvi-
ronment with a promising result in early stage of clinical trials. Many research studies 
have reported that using the T cell for cancer treatment shows an effective result and plays 
the significant role in cancer therapy. Adoptive T cell therapy is used for the goal of elim-
inating tumor and its recurrence which consists of various mature T cells. Lymphocyte 
with inhibitory effect on the growth of cancer cells were observed in many patients which 
acts as potential candidates for immunotherapy [36]. The main advantages of usages T 
cell for immunotherapy for cancer treatment instead of other cytolytic cells, such as NK 
cells, is that T cells have the ability to bind specifically on target tumor cells by the recog-
nition of differentially expressed tumor proteins which are presents on cell surface. As the 
T cells have long clonal life span, it allows both immunoprophylactic and therapeutic 
sceneries which is also a great advantage for cancer treatment. Moreover, T cell can be 
used as well suited for genetic manipulation which enables the evaluation of genetically 
enhanced T cell for cancer and other diseases also. For all the following cases T cell is most 
important for cancer treatment. 

4. The causes of T cell failure for recognizing the cancer antigens 
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The immune system plays a vital role against cancer cells. It always has searched the 
diseases and imperfect cells for damage as its target cells. Most of cancer patients possess 
a weak immune system that’s why specific cancer cannot be detected by the body’s im-
mune cells [37]. As T cell possesses weak activity in some cases, the cancer cells may evade 
the defensive immunity and causing primary reason of cancer development. The exces-
sive occurrence of free radicals and protein oxidation in the body cause the DNA damage 
[38] which also reduce the potential activity of T cell to effectively recognize the cancer 
antigens. For example, the CHOP protein (C/EBP-homologous protein) is involved in cel-
lular stress response and myeloid immune cell response [39]. Besides, the tissue of ovarian 
cancer patient's express more CHOP than normal healthy tissues. CHOP protein can alter 
the immune system to form cancer. The activities of CHOP protein of T cells have been 
determined by researchers on mice models via a comprehensive set of laboratory trials 
[40]. Also, CHOP level is increased when T cell is activated and CHOP also causes a neg-
ative T cell regulation process. Anti-tumor CD8+T cell immunity is developed when the 
CHOP gene of T cells is detected. In normal conditions, CHOP helps to balance antitumor 
T-cell response [41]. Moreover, tumors can alter the general activities of CHOP to decrease 
T-cell immunity. A small number of immune systems permit cancer cells to bypass anti-
tumor immunity activities of T-cells which cause cancer outgrowth and development [42]. 
There have several others factors that inhibit the T cell’s immunity such as the low pro-
duction of (IL-2) Interleukin-2, an abundance of pro-inflammatory cytokines, the high-
grade chronic infection, T cell exhaustion, etc. Through the mechanism of T cell exhaus-
tion, the dysfunction of the T cells which is mainly happened in various types of chronic 
diseases and also in cancers [43]. Furthermore, it is also a condition of poor effector action 
and sustainable expression of inhibitory receptors. Exhausting of T cells inhibits optimal 
monitoring of infections and tumors. The over expression of inhibitory receptors is found 
by the exhausted T cell in the tumor microenvironment which will reduce the effector 
cytokine production and also the cytolytic activities, thus it removes the cancer cells from 
the body [44]. The activity of exhausted T cells is lost which is identified by an altered 
transcriptional program. PD-1, Cytotoxic T-lymphocyte antigen 4 (CTLA-4), lymphocyte 
activated gene-3 (LAG-3), and domain-containing protein-3(TIM-3) have been reported 
for causing an important role in T cell exhaustion.  The T cell exhaustion can be reversed 
by blocking the PD-1 or CTLA-4 checkpoint. By following this system, the T cells become 
resistant to the different inhibitory pathways.  

5. The current immunotherapies which are used in cancer treatment 
In the branch of cancer biology, current cancer immunotherapy possesses the poten-

tial activity against the cancerous cell’s throughput the augmentation of the body’s im-
munity. Tumor antigens have found on the cell surface of tumor cells that encounters the 
antibody but the self-antibody disable to destroy the cancer cells. In this manner, we need 
modified immunotherapeutic antibodies that potentially encounter against the tumor 
cells and management the metastasis of cancer [43]. Here we illustrated major approaches 
of cancer immunotherapy and demonstrated the mechanism how they are followed to 
treat a wide variety of cancers.  

5.1. Adoptive cell therapy 
Adoptive cell therapy is a form of treatment strategy in which uses the cells of our 

immune system to eradicate the cancer of our body and mainly known as cellular immu-
notherapy. In cellular immunotherapy approaches directly involve the isolating of our 
own immune cells and simply increasing their numbers, whereas others require gene ther-
apy for genetically engineering of immune effector cells due to enhance their anti-cancer 
capabilities [44]. Significant cancer immunotherapy approaches are illustrated here as- 
Tumor-Infiltrating Lymphocyte (TIL), Engineered T cell Receptor (TCR), Chimeric Anti-
gen Receptor (CAR) T cell, Engineered Natural Killer cell (NK) therapy. 

5.1.1. Tumor-infiltrating lymphocyte (TIL) 
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Naturally occurring T cells are powerful immune cells in our immune system that 
engage to fight against cancer cells but the “killer like T cells”, are enable to recognizing 
and alleviate the cancer cells in a very particular way. For effectively killing cancer cells 
and activity for a durable period to sustain an effective anti-tumor response need harvests 
the killer T cells in ex vivo expansion that have already infiltrated from cancer patients 
along with activates and expands the T cell numbers. Potentially activated huge amount 
T cells are re-infused into patients finally that can directly encounter and destroy tumor 
cells [45]. Recent Clinical reports proposed that tumor infiltrating lymphocytes (TILs) 
have extensively used for patients who develop solid tumors, metastatic melanoma, ovar-
ian cancer, renal cell carcinoma, colorectal cancer, pancreatic cancer and so on cancers [46]. 

5.1.2. Engineered T cell receptor (TCR) therapy 
In some case T cells are dis-able to encounter the advanced form of cancer so, we 

requisite engineered T cell receptor for action against solid tumors. For this approach tak-
ing T cells from cancer patients and introduce the engineered novel receptors that enables 
them to target specific cancer antigens, tumor lysis and eradicate the tumor cells. Here we 
declared that engineered T cell play outstanding functions and their actions in longevity 
in the tumor microenvironment [47]. Engineered T cell receptors (TCRs) composed the α 
and β chains that are associated with δ, ε and γ chains and the most signaling region of 
this receptor known as ζ chains. Herein, novel T cell receptors encounter the tumor anti-
gen via the MHC-I/MHC-II and advantages of Engineered T cells to identify suitable tar-
get antigens, overcome immunosuppressive tumor microenvironments, prevent antigen 
escape and reduce toxicities [48]. 

5.1.3. Engineered natural killer (NK) cell therapy 
Augmenting the capability of NK cell antitumor responses via the introduction of 

antigen specificity by using genetic modification. Herein, CAR-NK cells basic structural 
framework has similarity to CAR-T, mainly CAR composed of extracellular, hinge, trans-
membrane as well as intracellular domains. The extracellular domain of CARs is ScFvs 
interact with the hinge domain and the transmembrane domains connected between the 
hinge and intracellular domains like- CD3ζ and/or CD28. In addition to that fact, CAR-
mediated NK cell requires co-stimulatory molecule as- CD28, 4-1BB, CD134 in order to 
increase the proliferation and cytotoxicity effect against the solid tumor [49]. The cutting-
edge approaches (CAR-NK therapy) might be the potential substitutes for the existing 
time-consuming technology CAR-T cell therapy. Here, CAR-NK cell therapy is more sig-
nificant due to some basic criteria for examples- less expensive, easy to be isolated, se-
creted more safer cytokines (IFN-γ and GM-CSF) [50].  

5.1.4. Chimeric antigen receptor (CAR) T cell therapy  
CAR T-cell therapy depends on efficient, stable and safe gene transfer platforms. 

Cancer patient T-cells isolated through leukapheresis that are harvested and genetically 
modified ex vivo expansion through viral and non-viral transfection methods. The CAR 
T cell consists of the extracellular antigen binding moieties could be a single-chain frag-
ment variable (scFv) portion consists of the variable heavy (VH) and variable light (VL) 
chains of an antibody, fused by a peptide spacer and it is interlinked to an intracellular 
signaling molecule/domain i.e. TCR CD3ζ signaling chain or immune receptor-tyrosine-
based-activation-motif (ITAM)-containing protein that are bind with tandemly co-stimu-
lation signals like- CD28 or 4-1BB [51]. The inauguration of CAR T cell therapy for the 
recognition of unprocessed antigens, carbohydrate as well as glycolipid structures which 
are represent on tumor cells surface. However, both types of CAR T cells like- CD4+ 
and/or CD8+ T cells recruited and redirected to the target Site of cancer without the ex-
pression of MHC-I and MHC-II. These two effective T cells perform the major killing 
mechanism as-cytolysis via the perforin and granzyme secretion and in some cases follow 
the death mechanism by expressing the Fas/Fas-ligand (Fas-L) and/or TNF/TNF-receptor 
(TNF-R) [52]. Feins S et al (2019) also illustrated that CAR T cells act against the CD19 
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protein of tumor cells of acute lymphoblastic leukemia and diffuse large B cell lymphoma 
and these T cells therapy used for the treatment of thus cancers. Here, we outlined the 
ameliorate proliferation, cytotoxicity, sustain response and durability of CAR-T cells for 
the treatment of leukemia and lymphoma [7].  

5.2. Immunomodulators 
Immunomodulators are directly interlinked to modification of the immune 

system along with these stimulatory molecules enable checkpoint blockers [53], 
enhance cytokines secretion and act as an agonist for blocking the cancer progres-
sion and enhancing the potential activity of immune cells. Basically, Cytotoxic T-
lymphocyte-associated antigen-4 (CTLA-4) manifested on the surface of T cells and regu-
latory T cells (Tregs) and the CTLA-4 counteracts the activity of the T cell co-stimulatory 
receptor (CD28). After recognition of antigen the CD28 molecules strongly amplitude TCR 
signaling for the T cells activation. Here we clearly said that the CD28 and/or CTLA-4 
represent identical ligands like- CD80 and CD86 [54].  Notably, CTLA4 has higher affinity 
for both ligands (CD80 and CD86) and expression of the ligands on the surface of T cells 
dampens the activation of T cells by outcompeting CD28 in binding CD80 and CD86, as 
well as actively delivering inhibitory signals to the T cell [55]. On the contrary, pro-
grammed death-1 (PD-1)/ programmed death ligand-1 (PDL-1) play crucial role in tumor 
progression and survival of tumor in the tumor microenvironment. Mainly, PD-1 is found 
on a several immune cells like- T cells, B cells, dendritic cells as well as monocytes [56]. 
Tumor cells and antigen presenting cells expressed the PDL-1 and interact the T cells PD-
1 and may develop T cell dysfunction, neutralization and exhaustion. It has been reported 
that PDL-1 is expressed on the tumor cells and escape the cytotoxic T cell mediated cell 
killing and develop tumor mass in the body [57]. However, when checkpoint inhibitors 
inhibited the pathway of PD-1/PDL-1; CTL-4, they can capable T cells to inhibit the ad-
vancement of tumor mass.  

Cytokines are proteins or glycoproteins released by the specific cells of our immune 
system that mediate the immunity and directly modulate the immunomodulatory cells. 
The immunostimulatory cytokines that are potentiate immune responses against cancer- 
IFNs α, IL-2, IL-12, IL-15 and IL-18 [58]. The major cytokine IL-2 is capable to promote the 
expansion of helper T cell (CD4+ T), NK cells and facilitates the synthesis of Ig type anti-
body. The crucial role of IL-2 is Fas-mediated activation of CD4+ T cells that is induced 
the cancerous cell death [59]. (2004) [60] reported two major cytokines as namely- IL-4, IL-
7 directly engage the enhancement of T cell function but the IL-4 followed to activation of 
eosinophil and eradicate the cancer cells from the body. IL-15 is needed for the activation, 
proliferation, cytotoxic action of NK cells and CD8+ T cells, which are capable to release of 
cytokines like- IFN-γ and followed the potential antitumor activity. Importantly, IFN-α is 
specialized cytokines to use for the treatment of several malignancies and solid tumors 
through the maturation of dendritic cells and T lymphocytes [61]. 

5.4. Antibody mediated therapy 
Antibodies are proteinaceous compound that protect us from several threats pro-

duced by a B cells and act against cell surface markers mainly-antigens. Antibodies like- 
Monoclonal antibodies (MAbs)have significant cytotoxic effect against a tumor cell sur-
face antigen and modify the signal transduction cascade pathway within the tumor cells 
through the complement dependent cytotoxicity (CDC) and/or Antibody dependent cel-
lular cytotoxicity (ADCC) [62]. In CDC pathway MAbs directly modulate the classic com-
plement pathway, when the complement component C1 recognize fragment crystallizable 
region (Fc region) of antibodies and activate the C3a, C3b. The C3a recruit immune effec-
tor cells at the complement activation site, but C5 convertase activated by the complement 
component C3b via the activation of alternative pathway that form the Membrane attack 
complex (MAC) to lysis the tumor cells [63]. ADCC is a process, On the contrary, in which 
specific antibodies bind to the immune effector cells like-monocytes, natural killer cells 
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(NK cells) and other leukocytes to kill the antigen specific tumor cells. Therapeutics anti-
bodies engage to the Fc receptor of immune effector cells via the Fc region of antibodies 
for example- MAbs Fc region attach the FcγRIII receptors on NK cells for activation and 
trigger the NK cell to secreted perforin and granzyme result in the death of cancer cells. 
Besides, NK cells released proinflammatory cytokines due to the recruitment of adaptive 
immune cells and inhibitory action play against the cancer cells [64].  

6. The other probable strategies for the treatment of cancer 
Within the host body, tumor cells control a variety of techniques for eradicating the 

body's immunity, including rendering the host body's immunity powerless and generat-
ing an environment with immune-suppressive activity. There are numerous treatment 
strategies available for cancer today, but they all have numerous adverse side effects in 
the human body. 

6.1. Formation of bi-specific T-cell engaging antibodies for cancer therapy 
Many research activities have been indicated that in both early and late phases of the 

diseases, the T cells are capable for controlling the enhancement of tumor development 
and progression in the cancer patients [65]. But there have some difficulties because of the 
T cell responses for tumor specific antigens are complex to aspire and maintain in the 
cancer patients. Moreover, in the time immune-editing, the responses are confined by 
some of the immune emission mechanism for the selective tumor cells [66]. The produc-
tion of antibodies will be an effective strategy to assemble T cells for the immune-thera-
peutics treatment of cancers and these types of antibodies are expressed only on the sur-
face specific antigen of every type of cancer cells, and for the CD3 complex on T cells. 
These types of antibodies are efficient to engage any kinds of cytotoxic T cells to the cancer 
cells to damage the cancer cells [67].  

Independently, it can enhance the specificity of the T-cell receptor, co-stimulation, or 
presentation of peptide antigens independently. Various research activities have demon-
strated that, among bi-specific antibodies derived from T cells, the BITE (for "bi-specific 
T-cell engager") antibodies have demonstrated promising efficacy in the treatment of both 
bulky and minimal residual disease [67]. Kufer's and colleagues' research project has 
shown that the special design of the CD3/target antigen-associated bi-specific antibodies 
has a very high rate of efficiency and can also involve CD8+ and CD4+T cells to redirect 
the cancer cell lysis process to the target (E:T-ratio) ratios [68]. 

When the bi-specific antibodies bind only the CD3-specific branch it shows low effi-
ciency as the monovalent antibodies that cannot trigger the T-cell signaling by CD3 (Fig-
ure 2). Contrariwise, the “bi-specific T-cell engager” (BITE) antibody is activated to the T 
cell through the multivalent strategy by the target cells [69, 70]. In an in-vitro study, the 
BITE antibody was found to be highly effective at redirecting the damaging of cancer cells. 
Additionally, it demonstrates the drug's potent antitumor activity in a variety of animal 
models [71, 72]. In recent, many research activities have been demonstrated that two BITE 
antibodies named as Blinatumomab (it’s also informed as the MT103) is specific for the 
CD3 and CD19. For testing procedure of stage 1 clinical trial of cancer patients, at late 
stage who further relapsed with the non-Hodgkin’s (NHL) [73]. Moreover, it is also tested 
as a stage 2 clinical trial of the cancer patients who possessed the b-precursor acute lym-
phoblastic leukemia (B-All) and show minimum accessorial disease in the patient’s bone 
marrow [74].  
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Figure 2. Formation of bi-specific T-cell engaging antibodies for cancer therapy. Bi-specific antibodies with only CD3 
showed the low efficiency of T cell signaling. On the other hand, through the multivalent strategies “Bi-specific T-cell 
engager” (BITE) antibody activated the T cell. 

Another BITE antibody named as the MTT110 which is in now the clinical develop-
ment phase and it is bi-specific only specially for the CD3 complex and the epithelial cell 
adhesion molecule (EpCAM) [75]. It is currently being clinically tested in patients with 
lung and gastrointestinal cancer as part of the clinical trial one. The expression efficiency 
of the epithelial cell adhesion molecule (EpCAM) is therefore high on several squamous 
cell carcinoma types, human adenocarcinoma and cancer stem cells efficacy was shown. 
It has certain limitation because the model animal did not identify the CD3 modulation of 
T-cells by treating BITE antibodies to suppress the cytotoxic granules of T-cells [76].  

6.2. Formation of cancer vaccine 
Cancer treatment vaccines enhance the immune system’s capability to signify and 

damage the cancer antigens more effectively. Cancer cell possesses specific molecules 
named cancer specific antigens for every types of cancer cells on their cell surfaces but it 
is absent in the healthy cells. Mainly the cancer vaccines can be produced for the individ-
ual cancer patients. These categories of cancer vaccines are composed from the tumor 
sample of the individual cancer patients (Figure 3). For that indeed, the surgery is required 
to find a massive enough sample of the tumor cells to make the vaccine against these can-
cer cell. There have two types of vaccine in cancer treatment. They are the personalized 
cancer vaccine and the vaccine for the target specific cancer antigens. 
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Figure 3. The steps for the formation of cancer vaccine. A surface protein found on the surface of cancer cells and vaccine 
developed depending on the structure of that protein. Here, the DNA with modified gene will be inserted into the cancer 
cells by genetic modification through using the irradiation to the cancer cells. 

Even if the cancers can be originated by the common mechanisms, that is regulated 
by the mutated genes in the process of cell transformation (i.e., p53, ras), they pass through 
excessive random mutations in other genes. The expression of foreign antigens is regu-
lated by these mutations and making a molecular ‘fingerprint’ that absolutely distinguish-
ing the patient’s tumor. Whereas, the mutations of genes are regulated indiscriminately, 
the antigenic fingerprint of one person’s cancer is generally not same to the other person’s 
cancer. In this way the particular cancers among the identical pathological group are in-
dependent based on their antigens. These essential characteristics demand that the im-
mune system of individual patient’s has to be treated to signify the specific cancer anti-
gens and cancer cells. This is the novel approach for generating a cancer immune-thera-
peutics through using the patient’s personal cancer cells [77]. The cancer vaccine possesses 
an effective activity to provide the immunity towards the cancer antigens. The response 
stimulates the activity of antigen presenting cells (APCs) for triggering the functions of T-
helper cell to provide the antibody against the cancer antigens and also activate the effec-
tor or cytotoxic T cells. But in cancer vaccine, it’s had some limitations, because the tumor 
cells or cancer cells express the random specific types of antigens, these antigen’s type is 
not fixed. For that reason, the cancer vaccine is not so effective for inhibiting the growth 
of the cancer cells.  

6.3. By blocking excessive activity of CHOP protein 
The C/EBP is mainly the CHOP protein  The homologous protectin, also known as 

the CADD153, stimulates the transcription process and expresses the CHOP protein at 
different levels during endoplasmic reticular stress (ER) [78] and in the animal body, the 
endoplasmic reticulum (ER)-stress induce the apoptotic pathway [79]. The α-subunit of 
eukaryotic translation initiation factor (elF2α) is phosphorylated through the endoplasmic 
reticulum (ER) stress-activated kinase PERK [80, 81] and decreased the attendant in elF2 
activity dramatically induces the CHOP promoter [82]. The explicit expression to the other 
components of the unfolded protein receptor (UPR) is received by the CHOP promoter 
and the p38 kinase finally induce the post-translation process of the CHOP protein acti-
vation or CHOP protein folding [83, 84]. In this review research article, our aim is that it 
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will be effective to cure from the tumor-induced CD8+ T cell suppression if we can sup-
press the excessive activity of CHOP protein or endoplasmic reticulum (ER) stress. Be-
cause blocking the CHOP protein's excessive activity or endoplasmic reticulum (ER) stress 
enhances the efficacy of T cell-based immunotherapy.  

6.4. Through inhibition of T cell exhaustion 
T-cell exhaustion is known as T-cell dysfunction that occurs in many chronic infec-

tions and cancer which is also a condition of poor effector action and sustainable expres-
sion of inhibitory receptors [85]. Exhaustion of T cell inhibits optimal monitoring of infec-
tions and tumors in which the over expression of inhibitory receptors was found in tumor 
microenvironment which reduced the effector cytokine production and also the cytolytic 
activities and resulted the exhausted T cell, thus it happens the failure event of the removal 
of cancer cells. The mechanisms for the T cell abnormalities are not clearly known to all. 
In order to solve these abnormalities, the gene expression was observed in the virus spe-
cific CDRT cell line of mice which was functionally weaken and chronically infected with 
lymphocytic choriomeningitis virus (LCMV). It was showed that PD-1 (programmed 
death 1) was up-regulated by the exhausted T cell [86]. 

 
Figure 4. The mechanism of getting back the exhausted T cell into activated T cell against   cancer cell. By showing a 
molecule called PD-L1, the normal cells send white flag to the immune system. The signal is detected by T cells via PD-1 
protein. The protein binds with PD-L1 and prevent T cells from attracting body’s own cells. By coating themselves in PD-
L1, a few numbers of cancer cells deceive the immune system. The inhibitor drugs stop this process that allows immune 
system to fight and kill cancer cells. 

However, the promotion of T cell functions occurs when its inhibitory receptor is 
interconnected with its ligand and the ligand PD-L1 (known as B7&-H1) was blocked by 
antibodies (Figure 4). Thus, by blocking of PD-1/PD-L1 inhibitory pathway the CD8T cell 
is restored and they are now able to proliferate, secrete cytokines and destroy the infected 
cell [87]. In contrast, T cell exhaustion can also be eliminated through engineered T cells 
in the event of lethal diseases and cancer [88]. The expression of PD-1 can also be degen-
erated by genome engineering strategies instead of blocking the PD-1/PD-L1 mechanism. 
The process can be completed by CRISPR/Cas9 system [89]. By using CRISPR/Cas9 sys-
tem, it was reported that the expression of PD-1 on the primary human cells was reduced. 
Thus, it shows an effective strategy to generate the CAR-T cells which are resistance to 
exhaustion [90]. So, by following the two above mention methods, the exhausted T cell 
can be restored. The cancer treatment could be an inspiring event by restoring of these 
exhausted T cell, that can produce provide a hopeful result and it may become important 
breakthrough in Cancer immunotherapy.  
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7. The strategy of T cell modification through using the CRISPR-Cas9 genome editing 
tool 

By the above demonstration from many research findings, the estimation can be gen-
eralized that modification of T cell receptor could be a possible solution for the effective 
immunotherapy in cancer treatment in which the genetically engineered T cells can ex-
press the genes of the Chimeric Antigen Receptor (CAR) proteins [91]. The genetic con-
struct of CAR introduced to T cells by transfection with viral vector, mRNA or plasmid 
by gene editing tool (CRISPR-Cas9) to guide T cells which are aligned with the surface 
antigens of the tumor cells (TAAs) (Table 1) and the recent development in molecular 
biology and gene editing tools has also been evolved. The only first-generation CAR 
(CD3ζ signaling domain) evolved to second-generation (CD3ζ with 41BB or CD28 do-
mains) and third-generation (CD3ζ with 41BB and CD28 domains) CARs which have im-
proved T cell targeting and proliferation for the addition of the costimulatory endo do-
mains (Table 2).  In the human leucocyte antigen molecules, CARs are designed to target 
particular peptides, which may enable the targeting of intracellular molecules (Figure 5) 
[92].  

 
Figure 5. The Process for the production of high efficiency cancer killing T cell. T cells are modified in order to make them 
more effective to kill cancer cells. For this purpose, the extract of T cells is taken from patients. T cells are engineered so 
that they can recognize tumor cells and then, they are reprogrammed to generate super killer cells. The super killer T cells 
are grown into multiple numbers. These T cells are infused back into patient’s body to work against cancer cells. Finally, 
the engineered T cells can be able to destroy cancer cells. 

These modified T cells, which have tumor targeting receptors, were shown to be very 
promising in clinical trials for multiple leukemia and lymphoma and could be used to 
treat solid cancer [93]. Genetic modification to generate this potential chimeric antigen 
receptor can be carried out by the only specific editing tool like CRISPR-Cas9 [94]. Because 
the alternatives of CRISPR-Cas9 are zinc-finger nucleases (ZFNs) and transcription acti-
vator like effector nucleases (TALENs), since the major drawback of ZFNs and TALENS 
are the recognition of the target DNA sequence is determined by protein sequences [95]. 
For each particular target DNA sequence, therefore, a laborious and complex process and 
optimization of protein are needed and it is difficult to deliver many of these proteins in 
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cells for simultaneous multiplexed genetic modification [96]. CRISPR system was identi-
fied inside bacteria when it was invaded with foreign DNA. In type II CRISPR strategies 
combines invading DNA sequences and CRISPR repeat sequences that are encoded by 
bacterial genome. This CRISPR repeat DNA sequence is transcribed and formed crRNAs 
[97], it includes protospacer which is a variable RNA sequence transcribed and formed 
crRNAs [84], which is a variable RNA sequence from the invading DNA and CRISPR ar-
rays of host DNA. Every crRNA hybridizes with a second RNA known as the CRISPR 
RNA (tracrRNA) and then they form complex with Cas9 endonuclease protein which cut 
DNA [97, 98]. The crRNA protospacer part directs Cas9 through additional target DNA 
sequences and cleaves the DNA if they are adjacent to short sequences recognized as pro-
tospacer adjacent motifs (PAMs). It was first revealed that the Streptococcus pyogenes 
Cas9 protein (SpCas 9) would associate the tracrRNA-crRNA RNA complex to induce a 
double stranded breakage (DSB) in a target DNA sequence [98]. This experiment has also 
shown that Cas9 does not need an RNA complex to bind and break a certain DNA se-
quence, rather a   constructed single guide RNA can easily achieve this method (sgRNA). 
The above studies laid the foundation for CRISPR/Cas9 to be used in the field of genome 
engineering involving genetic modification and control of gene expression, epigenetic al-
teration, and the imaging of the genome [99-103]. By using a plasmid encoding Cas9 and 
sgRNA, CRISPR/Cas9 can be applied directly to human cells and there have also been 
studies of gene editing with non-integrated virus such as adenovirus and adenovirus-as-
sociated virus (AAV) [13, 76, 104]. New developments of smaller Cas proteins have al-
lowed and improved the combination of this technology with vectors that have increased 
their optimization, such as AAV vectors. Efficient gene editing in human cells was also 
used in CRISPR delivery via Cas9 (Ribonucleoproteins, RNP) [105]. Lentiviral and adeno-
viral transmission of CRISPR components to primary T cells resulted in genetic change in 
T cells.  

However, these techniques cannot directly insert and interrupt the basic genetic ele-
ments at the location level and have not been successful in genetic modification [106, 107]. 
Lentiviral CRISPR kit has lately been created with the versatile and simple to operate 
which is Jurkat T cell based and this toolbox can provide an additional advantage to re-
search on T-cell signal transductions and programmability with different variants of Cas9 
proteins [108]. There is also a study on the gene editing of Cas9 RNP cells at a particular 
site [89]. However, with in-vitro produced sgRNAs and Cas9 protein (recombinant) form 
the Cas9 RNPs and this synthetic Cas9 RNPs was introduced inside CD4 T cells and it 
resulted the specific genetic modification because the treated T-cells did not express PD-1 
and CXCR4 proteins. In particular, the successful implantation of DNA inserts by the in-
corporation of HDR (Homology-directed repair) template at the Cas9 cleavage position 
and this was assured by the deep sequencing. 
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Figure 6. The strategy of T cell modification through using the CRISPR-Cas9 genome editing tool. Here we have depicted 
the estimated strategy of T cell modification through using the CRISPR-Cas9 genome editing tool. Here, the donor blood 
cells have to extract to collect primary human T cells, then these cells will be transformed to polyphenols KO T cells by 
our mostly desired CRISPR-Cas9 genome editing tool. After that these genetically modified polyclonal T cells will be 
validated by knockout verification and finally injected into the cancer patient body.  . 

In 55% of the targeted T cells there were indels and 20% exogenous DNA [89]. In 
another study by Hendel et al was showing that the any modification of CCR5 gene by 
Cas9 mRNA in T cells with synthetic sgRNAs, can result more success rate where around 
49% of target T cells were modified at their targeted site and was evaluated with TIDE 
method by hybridizing indels with fluorescent molecule [109]. There is also a report on 
the procedure of disrupting DNA in T cells to synthesize clinically standard CAR T cell 
[110]. Freshly isolated human T-cells have been stimulated with anti-CD3/CD28 beads 
and lenti-virally-transformed for stable expression of CAR-Transgene at a period of 1 day 
after stimulation, and T cells were electroporated simultaneously on days 3 and 4 with 
RNA encodes Cas9 and SgRNA to cut PD1, HLA-1 and TCR genes [111]. The output using 
this technique was based on the donor sequence, with results showing >70% CAR trans-
duction ability in several production models and also > 60% dual knockout efficiency 
which have been briefly demonstrated on the figure 6. This development process resulted 
in CAR T cells that were unique to CD19 targets, resistant to host rejections and unable to 
cause GVHD, for this reason emphasizing on CRISPR/Cas9 mediated universal CAR T 
cell generation. Similar findings were recorded using a different CRISPR/Cas9 strategy 
with Cas9 RNPs and targeted the B2m, PD1 and TCR genes [112]. With a single electro-
poration of different Cas9mRNAs an effective gene alteration can be achieved [113] and 
this could be less time consuming and success rate could increase. Therefore, these gene 
editing techniques based on CRISPR/Cas9 can therefore inhibit TLA-4 or PD-1 cells from 
T cells, and then targeted tumor cells for successful immunotherapy.  

8. Concluding remarks 
Overall, the new emerging CAR T-cell therapy will be a novel strategy that will in-

crease the activity of T cells and can be worked as the immune-therapeutics in the treat-
ment of cancer. In this review, we have shown the modification of the T-cell in therapeutic 
purpose in cancer treatment with the high efficiency genome editing tool CRISPR Cas9, 
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specifically its applications in therapeutic purposes against the cancer disease and the de-
velopment process of T cell therapy in next generation metamorphosis drugs. The CD19-
mediated chimeric antigen receptor T cell therapy will become a novel strategy in the 
treatment of human cancers. In chimeric antigen receptor (CAR) T cells, an extracellular 
single-chain variable fragment (ScFv) is specific to the antigens on tumor cells and the T 
cell activation is occurred by an intra-cellular chimeric signaling domain. Then the T cells 
damaged the tumor cells.   

In many cancer research activities T cell role in both early and late phage of disease 
where T cells show its functions for controlling the enhancement of tumor development 
and progression in the cancer patients. But there have some abnormalities for generating 
the T cell responses against the tumor specific antigens which is difficult to aspire and 
maintain in the cancer patients. An effective strategy to add T cells for cancer therapeutic 
treatments are antibodies. These antibodies are activated only for the surface specific an-
tigen on cancer cells, and for the CD3 complex on T cells. These types of antibodies are 
efficient to engage any kinds of cytotoxic T cells to the cancer cells to damage the cancer 
cells. However, for using the CRISPR/Cas9 technology to mediate immunotherapy, we 
have broadly demonstrated the CRISPR/Cas9 mediated genome engineering strategy 
which will exhibit a significant impact for the therapeutic potential of this technology, and 
thus represent a very important area which will help the biological researchers for the 
future study about this novel strategy for the cancer immunotherapy. 
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