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Abstract: Cancer therapy and diagnosis have long been challenges for humans. Despite accumulated
knowledge and information, there are many complications and difficulties with cancer therapy and
diagnosis. The challenges of cancer treatment are modified according to the new forms that have
been discovered by researchers. Each stage of development has involved new techniques for cancer
therapy, culminating in the modern immunotherapy approach using chimeric antigen receptor (CAR)
cytotoxic T lymphocytes. This strategy is an example of the latest version of cancer cell therapy.
Chimeric antigen receptor T-cell therapy drew interest soon after its implementation by researchers
as a new strategy to control various types of cancer cells, and it is considered a living drug in the
body that detects and destroys cancer cells in a long-term manner, with CAR T-cells remaining as
memory cells. CAR T-cell therapy has shown remarkable effects against both primary acute
lymphoblastic leukemia (ALL) and relapsed ALL, with a high remission rate observed in adults and
children (approximately 90%). Although the use of CAR T-cell therapy for solid tumors has
encountered obstacles associated with the microenvironment and immunosuppression, researchers
are poised to improve effective CAR T-cell therapy for solid tumors. In this mini review, we describe
some attempts that have applied CAR T-cells from the past and present; in addition, it contains many
aspects of new anticancer strategies featuring CAR T-cells, especially CAR T-cell killing
mechanisms.
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Abbreviations: BNCT: Boron neutron capture therapy; PBMCs: Peripheral blood mononuclear cells;
MHC: Major Histocompatibility Complex; scFv: Single-chain variable fragment; MSCs:
Mesenchyme stem cells; CT: Computed tomography; MRI: Magnetic resonance imaging; PET:
Positron emission tomography; SPECT: Single-photon emission computed tomography; APC:
Adenomatous polyposis coli; FDA: Food and Drug Administration; CD: Cluster of Differentiation;
PD-1: Programmed cell death protein 1; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4;
VEGF: Vascular endothelial growth factor; NSCLC: Non-small-cell lung cancer; NCI: National
Cancer Institute; mAb: Antibody; DLBCL: Diffuse large B-cell lymphoma; RCC: Renal cell
carcinoma; B-ALL: B-cell acute lymphoblastic leukemia; HL: Hodgkin lymphoma; CEA:
Carcinoembryonic antigen; CAIX: Carbonic anhydrase IX

1. Introduction

Cancer comes from the Greek term karkinos, and was first used in 460-370 B.C. by the
physician Hippocrates to define abnormally large tumor cells, but Hippocrates was not the first
cancer-related expert [1,2]. Early human bone records discovered in the ancient Egyptian
civilizations and old manuscripts from 1600 B.C. contained some cases of breast cancer, and no
treatment for this kind of disease was mentioned. In general, all types of cancer cells break the
controls of the cell cycle during cell growth [3,4], and there are more than 200 different types of cells
in the body. Some types of cells grow continuously and divide according to the body demands to
replace damaged cells and cell debris in the tissues and organs of all living organisms [5,6].
Therefore, different kinds of body cells become a source to different kinds of cancer cells in the body.

Humans are made up of billions of cells, and each cell has an opportunity for mutation and
cancer, which implies that cancer, can occur everywhere in the body of humans. However, tissues
and organs in which the cells, such as cardiac muscle cells, do not proliferate may not have much
opportunity for cell cycle disruption, while skin and other cells have a substantial opportunity for
mutation and cancer [7]. In addition, numerous factors affect cells, particularly cell genetics, and lead
to abnormal mutations in the DNA sequence, such as smoking, radiation, environmental factors and
viruses. However, all cells have many mechanisms to protect and repair themselves during the cell
cycle, such as P53 and tumor suppressor genes. Unfortunately, some of these mutations may be
passed on to the offspring and become a hereditary disorder. Cancer cells have many differences
from normal cells [8,9]. The effects of many cancers can be prevented by being aware of and
discontinuing the associated risk factors, such as trying to quit tobacco and altering lifestyle, as well
as by diagnosing cancer at an earlier stage. These changes may provide a better chance of cure and
longer survival and prevent the invasion of other tissues and metastasis. Benign tumors are treated
and removed by surgery, while malignant tumors have the tendency to recur after surgery [10,11].
The era of immunotherapy, particularly CAR T-cell immunotherapy, has brought great clinical
successes in the field of cancer treatment in hematological cancers, which encourages the
development of CAR T-cells for solid tumors and the production of universal CAR T-cells [12,13].
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2. Historical descriptions and hypotheses of cancer
2.1. The humor theory

Hippocrates was one of the famous physicians who thought that the human body contains four
distinct types of humor (body fluid), blood, phlegm, black bile and yellow bile, each of which is
responsible for a particular body function. Any anomaly that occurs may contribute to disease; for
example, extra black bile in any area was thought to be cancer [14].

2.2. The lymph theory

This conceptual model of cancer cell development is based on fluid called lymph; blood and
lymph circulate continually throughout the tissue and thus can access all components of the body.
The hypothesis of lymph originated in the 17th century.

2.3. The Blastema theory

In 1838, Muller demonstrated this theory, in which cancers result from cells and not lymph and
cancer is derived from healthy cells.

2.4. The trauma theory

From the end of the 1800s until the 1920s, many researchers believed that the formation of
cancer cells was due to trauma.

2.5. The parasite theory

Another significant concept of cancer cells was the parasite theory, in which cancer was thought
to be caused by parasites, and this idea remained until the 18th century[14,15].

2.6. Viruses and carcinogens

In 1911, Peyton Pou discovered that Rous sarcoma virus causes disease in pigs. After 150 years,
humans have revealed much information about the biochemical composition and elements of many
viruses and carcinogens. Smoking (nicotine) has been characterized as carcinogenic, and more than
one carcinogen was recognized; as such, researchers teased out the precise mechanisms of how
smoking causes disease [16,17]. From that day forward, environmental factors were considered one
of the critical variables affecting living organisms. Many cancer illnesses resulting from
environmental pollution contribute to alterations in DNA, but all factors affecting bodies lead to
cancer; only certain forms lead to malignancy, while other factors might cause alterations such as
hyperplasia, dysplasia and other benign changes [18]. Hyperplasia occurs when cells within the body
develop quicker than usual, and dysplasia is a more complex disease than hyperplasia. Cells start to
appear abnormal in complexion and shape with dysplasia, and these changes can be tracked during
treatment of certain kinds of dysplasia, as illustrated in Figure 1 [19]. Cancer cells differ in several
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ways from normal cells, and cancer cells have associations with different types of mutations and
diseases; for example, thalassemia due to iron overload can cause the liver tissue to grow out of
control and become a tumor [20-22]. One major distinction is that there are fewer specialized tumor
cells than ordinary cells. This means that while normal cells mature into very distinct cell types with
specific functions, cancer cells cannot mature like this. This is one reason why cancer cells develop
without inhibition and without response to ordinary stimuli, which normally prevent cells from
growing too much [21,23]. Certain genes tend to have a number of mutations in all kinds of cancer
cells, each patient with cancer has a unique set of genes affected [24]. In addition to the detrimental
effects of the environment, numerous scientific studies indicate and support the positive effects of
the environment and organic molecules on the treatment of tumors [25]. Specifically, some organic
products and foods are angioinhibitors. Through several avenues of research, we have come to
understand what proteins and RNA molecules communicate during malignant transformation, and
the identification of these molecules can assist investigators in determining which drug is most
efficient in attacking a patient’s specific tumor cells [24,26].
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Figure 1. Different phenotypes of cells from normal to cancer, hyperplasia as an initial
step to cancer lead to augmentation of tissues by an increase in the replication rate of
normal cells, dysplasia is the second stage in progress to a tumor, which contains
abnormal cells and it signifies the preceding to developed cancer.

3. Classical therapy of cancer

One of the most popular procedures for particularly large cancers is surgery [27,28], but many
physicians and researchers in the past realized that some types of tumors were more likely to respond
to treatment and surgery, while others were more likely to relapse and take on a more severe form
after surgery [29]. However, they did not understand how the tumor returned soon after the
operation [30]. Many surgeons believe that cancer cells in many organs have the ability to cause
relapse and migrate through the circulatory system and lymphatic to another organ in the body.
Anesthesia was introduced in 1846. Later, at the beginning of the 1970s, the creation of ultrasound
tools such as computed tomography (CT), magnetic resonance imaging (MRI) and positron emission
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tomography (PET) had an important effect on many individuals suffering from cancer, and
endoscopy helped all surgeons perform high-precision surgery and resect many components of the
digestive system shortly after diagnosis. Single-photon emission computed tomography (SPECT)
and some biochemical biomarkers can be used to diagnosis of many cancer cells such as proteins and
microRNA [31-34].

In the 20th century, many researchers and surgeons found a unique strategy to battle tumor cells:
the combination of chemotherapy with radiation after surgery; usually, chemotherapy destroys all the
rapidly proliferating cancer cells and the ordinary cells with naturally elevated proliferation rates;
e.g., skin and some other cells in the body, can be affected. Over the years, many chemotherapy and
drug treatments have been successfully used for many forms of cancer [35]. in addition to progress in
reducing the complications of chemotherapy, improved drugs that specifically target tumor cells,
such as monoclonal and multiclonal antibodies to specific antigens in cancer, have also been
developed [36]. Many studies have also shown that hormones have a dramatic impact on cancer cells,
especially in breast and prostate cancer treatment, which significantly reduces the chances of these
two organs being exposed to cancer [37]. Radiation therapy of tumor cells is another method to
destroy cancer cells, as revealed in Figure 2, but immediately after this technique was introduced for
cancer treatment, many scientists and studies found that radiation led to damage to ordinary cells in
addition to killing cancer cells [38,39]. However radiotherapy was reached to atomic level
monitoring as used in Boron neutron capture therapy (BNCT), it can precisely target harmful cancer
cells and combine with many anticancer approaches [40].
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Figure 2. Targeting of cancer cells with radiotherapy, mechanism of radiation therapy
works by one of two kinds of energy, photon or charged particle, which either direct
damaging the DNA of cancer cells or indirect ionization of the atoms in the DNA chains.

4. Modern clarifications and understanding of cancer

In the middle of the 20th century, tumor suppressor genes, oncogenes, and proto-oncogenes
were revealed after many experiments. Subsequently, researchers started to question what factor was
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responsible for cancer in an attempt to fix the aberration. Watson and Crick discovered in 1953 that
the basic component of cells is DNA, which was found to have a characteristic double-stranded
helical structure [41]; with these findings, DNA became a vital molecule in molecular biology for
understanding the blueprint of life. In 1962, Watson and Crick received the Nobel Prize for their
research. Soon after, many experiments and researchers tried to learn how DNA and genes can carry
information and pass it from parent to offspring and how mutations linked to cancer contribute to
cancerous processes as well as to determine the causative agents of cancer (carcinogens), such as
radiation, chemical factors and some viruses [42,43].

Proto-oncogenes are ordinary genes commonly found in all cells, and the primary role of these
genes is connected with differentiation and cell growth regulation [44]. When a mutation occurs in a
proto-oncogene, it becomes an oncogene that stimulates cells to develop out of control and, as a
result, produces cancer cells (Figure 3). Tumor suppressor mutations are another important mutation
that has an effect on cell formation, tissue maintenance, and cell regulation in the body [45]. Some
researchers have shown a substantial effect on defects in both proto-oncogenes and tumor suppressor
genes in cancer-related tissue development, such as alterations in BRCA1 and BRCA2, and
approximately 5% of all breast cancers are connected with alterations to chromosome 17 [46,47].
Another important protein member in the apoptosis protein family is survivin, it has great roles in
cell cycle and cell regulation by inhibiting apoptosis, high expression of survivin is observed in many
human cancer cells as compared to normal cells [48].

D NA Proto-oncogene
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Figure 3. Mutated proto-oncogenes by mutagen and become oncogenes, occur by point
mutation, gene translocation, and gene amplification.

DNA controls the development and division of cells throughout the body; any modifications or
mutations in DNA that lead to cancer cells appear to influence three significant types of proto-
oncogenes, tumor suppressor genes, and DNA repair genes. These mutations are sometimes called
“drivers” of cancer. Proto-oncogenes are involved in healthy cell growth and division. Although
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these genes are involved in some normal processes or are more effective than the ordinary gene in
the body, they can become cancer-causing genes (or oncogenes); such altered genes enable cells to
develop and thrive when they should not [23]. Tumor suppressor genes also control and regulate cell
growth and the cell cycle. Cells with particular mutations in tumor suppressor genes can proliferate
in an uncontrolled fashion. DNA repair genes are involved in repairing damaged DNA. Cells with
mutations in tumor suppressor genes tend to produce additional mutations in other genes. For
example, APC gene mutations can cause hereditary cancer syndromes [49,50].

4.1. Modern therapy for tumor cells is immunotherapy

Cell therapy has developed a powerful tool in the remedy of many diseases such as liver, lung,
cardiovascular, and cancer diseases. Various kinds of cells can be used for treatment [51]. The
immune response as a fundamental defender of the body has many elements to kill cancer cells, e.g.,
white blood cells, T-cells, B-cells, and natural killer cells. In addition, many researchers and
scientists modify natural anticancer agents and use them as Therapies, e.g., cytokines, interleukins,
and interferon. Some recent FDA approved in Table 1 [52—-56]. With advances in the understanding
of the composition and biochemical elements of tumor cells and healthy cells, another treatment
strategy for cancer cells is related to growth factors and gene therapy. Evidence has shown that
growth factors have major effects on cell growth and cell division, and many researchers and
scientists have recognized that developing an agent to inhibit such factors could prevent cancer cells
from growing abnormally or targeting cancer gene directly without any risk to normal tissue such as
mesenchyme stem cells (MSCs), nowadays have extreme attention as a gene delivery system [57—60].
Programmed cell death (apoptosis) is normally triggered in cells that undergo DNA damage in the
form of specific abnormalities and is an important method that occurs as cells age or develops any
aberrations over their lifetime. As such, the induction of apoptosis could be activated in cancerous
cells by drugs to discourage tumor cell growth [61].

Table 1. Some of the new immunotherapies have approved by the FDA [56].

Generic name Target Disease Approved by FDA
Blinatumomab CD19, B-cell precursor ALL 2014.1

CD3
Tisagenlecleucel CD19 B-cell precursor ALL 2017.8
Axicabtagene Ciloleucel CD19 Adults with relapsed or refractory 2017.1

large B-cell lymphoma

Nivolumab & Ipilimumab PD-1, Intermediate and poor-risk 2018.4

CTLA-4 advanced renal cell carcinoma
Pembrolizumab & Axitinib  PD-1, Advanced RCC 2019.4

VEGFR

4.2. Angioinhibitors as an endogenous tumor cell therapy

Angiogenesis is the standard process by which current blood vessels create fresh blood vessels,
and its well-known marker of cancer cells, tumors use this signaling to acquire a blood supply, as
show in Figure 4, which provides nutrients for the growth of tumor cells [62,63]. Angiogenesis is a
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physiological mechanism that is involved in every injury in the tissue and normally serves to aid in
healing and recovery after damage; however, the angiogenesis system is completely distinct in
cancer, in which the fresh blood vessels sustain tumor cells and allow the cancer cells to develop out
of control [64]. Thus, targeting angiogenesis in tumor cells can have a significant impact on cancer
cells. This concept was initially suggested by Judah Folkman of Harvard Medical School. After
many years of clinical trials, angioinhibitors were approved for use in 2004, and now more than 25
endogenous angioinhibitors have received clinical approval as cancer therapies because many
angiogenesis signals have been found in cancer cells. In the field of angioinhibitor research, the
combination of chemotherapy with antiangiogenic agents is an alternative strategy to counter the
nutritional support provided by the vasculature to cancerous cells. A greater understanding of the
features and properties of cancer cells of distinct types and further developments in molecular
biology can create many effective strategies to treat cancer [65,66]. There have been revolutionary
advances in biotechnology worldwide, and the current understanding of the scientific community
allows cancer therapy to become more influential with a high degree of precision in treating cancer
cells with few side effects to healthy tissues or organs [67].

Angiogenic
factors

Small tumor

Sprouting capillary

Nutrient from blood

Figure 4. Angiogenesis and blood supply in a tumor, first stage cancer cell release
angiogenic substances, second stage angiogenic factors induce blood vessels to create
new capillary blood vessels, third stage blood, and nutrients directly support tumor.

Different types of vaccines apply to cancer cells: A vaccine is one more significant method that
can be used to win the fight against cancer. There are many distinct categories of antibiotics, but the
most significant types are the ones connected with cancer vaccines [10,68]. Fundamental roles of
cancer vaccines are to induce the immune system to recognize and combat cancerous cells that evade
the immune system, via mechanisms such as T-cell activation by CAR T-cells, in order to combat
abnormal cells more effectively [69]. In addition to the strategies that have already passed many
developmental barriers, each new cancer therapy is exposed to new challenges. Another active area
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of study in the world is immunotherapy, which makes use of immune cells such as natural killer cells,
B-lymphocytes and T-lymphocytes, mainly cytotoxic T-cells, and this technique has been a powerful
weapon in the treatment of certain types of cancer. International researchers and collaborators are
attempting to conduct a global review and study of the many aspects of cancer-related micro
environmental conditions by recording data and creating immune scores as a new approach to
evaluating cancer [70,71].

Lung cancer therapy in Cuba: Lung cancer vaccines were first administered in Cuba. Since then,
there has been enormous support from the government of Cuba to create a molecular center for
cancer vaccines, which has become a fundamental piece for the development of lung cancer
therapies in Cuba. CIMAvax EGF is an anticancer vaccine used in adults with stage IIIB/IV non-
small-cell lung cancer (NSCLC) in Cuba [72,73].

4.3. Checkpoint blockade

Checkpoint blockade for cancer cells is one therapeutic approach to antitumor immunity
induction. Checkpoints of the cell cycle and the immune system are involved in a multitude of
inhibitory and other immune mechanisms that are important for maintaining self-tolerance and
physiological environmental reactions in a unique manner [22].

5. Chimeric antigen receptor (CAR) T-cell therapy

CAR T-cell therapy is an advanced form of immunotherapy that allows for more targeting
accuracy than other immunotherapy methods but is administered in the traditional way. Steven
Rosenberg at the National Cancer Institute (NCI) collected T-cells that migrated and invaded tumors,
cultivated them in the laboratory, and reinserted them into patients with tumors in an experiment
over several years (Figure 5). This strategy only functions when tumor cells can be accessed by T-
cells [74]. Rosenberg subsequently released the outcomes of this CAR therapy in 2010, which
became a customized treatment that involves modifying and enabling a patient’s own T-cells to
target tumor cells [75]. Although this strategy has recently been used in a range of clinical trials, it
can be used for tumor relapse. Scientists believe that CAR T-cells can attack all tumor proteins in the
body and can be administered with antibiotics [76]. Engineered CAR T-cells are still under
laboratory consideration, but the systemic reactions and effects caused by such strategies are quickly
becoming the norm of therapies against tumor cells, while it has some limitation probability due to
immunosuppressive mechanisms of tumor niche [22,77]. CAR T-cell treatment of certain types of
hematological malignancies was applied in some countries around the world (Table 2) [56,78].

Table 2. Clinical targets of CAR-T cell therapy for hematological malignancies.

Target Disease No. of patients Country References
CDI19 B-ALL 3 China [79]
CD19 B-ALL 30 United States [80]
CD20 DLBCL 7 China [81]
CD22 B-ALL 21 United States [82]
CD30 HL 9 United States [83]
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Figure 5. A brief and general chart flow mechanism of engineered CAR T-cell therapy. Sufficient amounts of peripheral blood mononuclear
cells (PBMCs) are obtained from the blood of patients to engineering T cells. Modify and purify T cell by vector transfection to express
particular CAR-T cells, following the evaluation quality and replication of product, then inject to patients to boost the immune system and

enhance anticancer ability.
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The best part of immunotherapy with CAR T-cells is the strong response in patients with cancer,
and CAR T-cell treatment is currently being researched in many kinds of solid tumors and has been
included in several clinical trials (Table 3) [56,84,85]. CAR T-cells are designed and modified to
express receptors that redirect and recognize polyclonal T-cells and monoclonal tumor cells [78,86].
CAR T-cells consist of a fusion protein, which includes an intracellular binding domain, a
transmembrane domain, and an extracellular binding domain. The extracellular domain is usually
copied from antibodies as a single-chain variable fragment (scFv), as shown in Figure 6, while CD3z
is linked with stimulatory molecules, for instance, CD134, CD28 or CD137, as an intracellular
signaling domain [87-90].

Table 3. Clinical targets of CAR-T cell therapy for solid tumors.

Target Disease No. of patients  Country References
EGFR NSCLC 11 China [91]
EGFRvIII Glioblastoma 10 United States [92]
CAIX RCC 12 Netherlands [93]
CEA Adenocarcinoma 14 United Kingdom [94]

Heavy chair/\

\ / scFv
» s Chimeric Antigen Receptor
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Antibody
Transmembrane Domain
CD3C Intracellular Domain
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T cell Receptor

Figure 6. Extracellular and intracellular components of CAR T-cells have consisted of
three linked segment, one is a single-chain variable fragment (scFv), it’s an extracellular
domain and recognize specific surface antigens in cancer cells, second segment

transmembrane part and the third segment is intracellular signaling domains to activation
CAR-T cells.
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The heavy and light chains of the antibody are used as variable regions in CAR T-cell receptors
to aid in targeting particular tumor antigens in the context of the major histocompatibility complex
(MHC). The extracellular domain of CAR T-cells consists of a monoclonal antibody (mAb) and is
able to efficiently target tumor antigens in the body. The generation of CAR T-cells depends on the
intracellular binding domains, which have increased co-stimulatory abilities in second- and third-
generation CAR T-cells, as presented in Figure 7. In the studies of first-generation CAR T-cells,
researchers observed that the T-cells in vivo had no activity in addition to the specific CAR
T-cell mechanisms; these mechanisms were still active, but there was no cytokine response or
recognition of tumor antigens. Therefore, additional stimulatory binding domains were added to
CAR T-cells, giving rise to second- and third-generation CAR T-cells with CD28 as a co-stimulatory
domain [95-98].

( First generation Second generation Third generation )

Antigen-recognition
domain

_ Signalling domains
| Signaj 1

Figure 7. Generation anatomical features of CAR T-cells with an intracellular signaling
pathway, VH variable heavy chain; VL variable light chain is produced CAR antigen
receptor domain. Antigen receptor domains are the same in first, second, and third
generations, while in intracellular domains differ inactivation and signaling to stimuli T
cells. The second CAR generation added one costimulatory molecule and in the third
generation added two costimulatory molecules.

6. Side effects of CAR-T cells therapy

Obstacles of CAR T-cell therapy are associated with two well-known problems, first cytokine
release syndrome (CRS) and second neurotoxicity. CRS has a common presentation in patients
treated with CAR T-cell therapy, and it can be life-threatening when it became severe. Standard
treatment for CRS is tocilizumab, it acts as anti-interleukin-6, because of in vivo activation and
proliferation of CAR T-cell lead to secretion of interleukin-6. The complications of neurotoxicity
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caused by CAR T-cell therapy is related with dose and schedule of CAR T-cell or bulk of
disease [99—-101].

Logistical obstacles are another limitation of widespread an application of CAR T-cell
immunotherapy. Because of the process to prepare CAR T-cells requires weeks to be ready to use.
Genetic modification and expansion and other stages before reinjection into patient, while some
patients may suffer from relapses that is not allow to be postpone. In clinical trial most of the treated
patients are children and young adults, therefore the ability of older patients to tolerate toxicities of
CAR T-cells therapy such as neurotoxicity and CRS is not clear [102,103].

7. Conclusion

In summary, there have been huge improvements in the fields of cancer therapy and diagnosis
from the past until now. For instance, surgery, chemotherapy, and radiation therapy of tumors as
common and classic treatments have been incorporated into modern therapy in combination with
immunotherapy to target particular cancer cells with fewer side effects to normal cells, unlike
historical treatments, which were associated with many health complications. The encouraging
results of CAR T-cells as a therapy against hematological malignancies bring a new era of cancer
treatment. Despite the development of many other crucial cancer therapies, such as cancer vaccines,
blockade of cell cycle checkpoints, and inhibition of cancer angiogenesis, CAR T-cell therapy has
become the latest version of cancer therapy and was approved by the U.S. FDA in 2017. Although
there have been clear and positive outcomes of CAR T-cells, more research and modifications are
needed, especially in the field of tumor therapy and in terms of combinations with other therapies.

Conflict of interests
The authors declare no conflict of interest.
References

1. Storm HH, Michelsen EV, Clemmensen IH, et al. (1997) The Danish Cancer Registry—history,
content, quality and use. Dan Med Bull 44: 535-538.

2. Vieira CMP, Fragoso M, Ferreira M, et al. (2019) The history of cancer pain and bone-targeted
agents: 10 most commonly asked questions. Cancer Manag Res 11: 37.

3. Taylor AM, Shih J, Ha G, et al. (2018) Genomic and functional approaches to understanding
cancer aneuploidy. Cancer Cell 33: 676—689.

4. Kastan MB, Bartek J (2004) Cell-cycle checkpoints and cancer. Nature 432: 316-323.

5. Bredenkamp N, Stirparo GG, Nichols J, et al. (2019) The cell-surface marker Sushi containing
domain 2 facilitates establishment of human naive pluripotent stem cells. Stem Cell Rep 12:
1212-1222.

6. Gielen B, Remacle A, Mertens R (2010) Patterns of health care use and expenditure during the
last 6 months of life in Belgium: differences between age categories in cancer and non-cancer
patients. Health Policy 97: 53—61.

7. Tamargo J, Caballero R, Delpon E (2015) Cancer chemotherapy and cardiac arrhythmias: A
review. Drug Saf 38: 129-152.

AIMS Allergy and Immunology Volume 4, Issue 2, 32-49.



45

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

Sui Q, Jiang W, Wu X, et al. (2019) A frameshift mutation in exon 19 of MLHI in a Chinese
Lynch syndrome family: a pedigree study. J Zhejiang Univ Sci B 20: 105.

Lord CJ, Ashworth A (2012) The DNA damage response and cancer therapy. Nature 481: 287—
294.

Alfano RR, Liu CH, Glassman WS (1993) Method for determining if a tissue is a malignant
tumor tissue, a benign tumor tissue, or a normal or benign tissue using Raman spectroscopy. U.S.
Patent 5261410 A.

Boldrini R, De Pasquale MD, Melaiu O, et al. (2019) Tumor-infiltrating T cells and PD-L1
expression in childhood malignant extracranial germ-cell tumors. Oncolmmunology 8:
e1542245.

Hughes-Parry HE, Cross RS, Jenkins MR (2020) The Evolving Protein Engineering in the
Design of Chimeric Antigen Receptor T Cells. Int J Mol Sci 21: 204.

Mirzaei HR, Pourghadamyari H, Rahmati M, et al. (2018) Gene-knocked out chimeric antigen
receptor (CAR) T cells: tuning up for the next generation cancer immunotherapy. Cancer Lett
423: 95-104.

Wicha MS, Liu S, Dontu G (2006) Cancer stem cells: an old idea—a paradigm shift. Cancer
Res 66: 1883—-1890.

Guilford FT, Yu S (2019) Antiparasitic and antifungal medications for targeting cancer cells
literature review and case studies. Synth 9: 11.

Elinder CG, Kjellstrom T (2019) Carcinogenic and genetic effects, In: Friberg LT, Elinder GG,
Kjellstrom T, et al., Cadmium and Health: A Toxicological and Epidemiological Appraisal:
Volume 2: Effects and Response, 1st Ed., Boca Raton: CRC Press, 35.

Emnst E (1998) The prevalence of complementary/alternative medicine in cancer: a systematic
review. Cancer Interdiscipl Int J Am Cancer Soc 83: 777-782.

Chen S, Giannakou A, Wyman S, et al. (2018) Cancer-associated fibroblasts suppress SOX2-
induced dysplasia in a lung squamous cancer coculture. P Natl Acad Sci Usa 115: E11671—
E11680.

Couzin-Frankel J (2013) Cancer immunotherapy. Science 342: 1432—1433.

Bystrom LM, Rivella S (2015) Cancer cells with irons in the fire. Free Radical Bio Med 79:
337-342.

Saleh KK, Kakey ES (2018) Some molecular characterization of B-thalassemia major in Koya
City. International Conference on Pure and Applied Sciences, 4: 64—68.

Kershaw MH, Westwood JA, Parker LL, et al. (2006) A phase I study on adoptive
immunotherapy using gene-modified T cells for ovarian cancer. Clin Cancer Res 12: 6106—6115.
Vaissiere T, Sawan C, Herceg Z (2008) Epigenetic interplay between histone modifications and
DNA methylation in gene silencing. Mutat Res-Rev Mutat 659: 40—48.

Siegel RL, Miller KD, Jemal A (2016) Cancer statistics, 2016. CA Cancer J Clin 66: 7-30.
Sudhakar A, Boosani CS (2008) Inhibition of tumor angiogenesis by tumstatin: insights into
signaling mechanisms and implications in cancer regression. Pharm Res 25: 2731.

Li WW, Li VW, Hutnik M, et al. (2012) Tumor angiogenesis as a target for dietary cancer
prevention. Int J Oncol 2012: 879623.

Kirkpatrick DB (1984) The first primary brain-tumor operation. J Neurosurg 61: 809-813.

Xu FM, Zhang Y, Xu JH, et al. (2017) Operation and tumor metastasis. J Int Onc 44: 376-379.

AIMS Allergy and Immunology Volume 4, Issue 2, 32-49.



46

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Sehouli J, Richter R, Braicu EI, et al. (2010) Role of secondary cytoreductive surgery in ovarian
cancer relapse: who will benefit? A systematic analysis of 240 consecutive patients. J Surg
Oncol 102: 656—662.

Depierre A, Milleron B, Moro-Sibilot D, et al. (2002) Preoperative chemotherapy followed by
surgery compared with primary surgery in resectable stage I (except TINO), II, and IIla non—
small-cell lung cancer. J Clin Oncol 20: 247-253.

Hentschel B, Ochler W, Strau3 D, et al. (2011) Definition of the CTV prostate in CT and MRI
by using CT-MRI image fusion in IMRT planning for prostate cancer. Strahlenther Onkol 187:
183-190.

Keshavarzi M, Darijani M, Momeni F, et al. (2017) Molecular imaging and oral cancer
diagnosis and therapy. J Cell Biochem 118: 3055-3060.

Saadatpour Z, Bjorklund G, Chirumbolo S, et al. (2016) Molecular imaging and cancer gene
therapy. Cancer Gene Ther: 1-5.

Jafari SH, Saadatpour Z, Salmaninejad A, et al. (2018) Breast cancer diagnosis: Imaging
techniques and biochemical markers. J Cell Physiol 233: 5200-5213.

Chabner BA, Roberts TG (2005) Chemotherapy and the war on cancer. Nat Rev Cancer 5: 65—
72.

Thomas A, Teicher BA, Hassan R (2016) Antibody—drug conjugates for cancer therapy. Lancet
Oncol 17: e254—e262.

Lam JS, Leppert JT, Vemulapalli SN, et al. (2006) Secondary hormonal therapy for advanced
prostate cancer. J Urol 175: 27-34.

Yan D, Vicini F, Wong J, et al. (1997) Adaptive radiation therapy. Phys Med Biol 42: 123.
Dawson LA, Jaffray DA (2007) Advances in image-guided radiation therapy. J Clin Oncol 25:
938-946.

Mirzaei HR, Sahebkar A, Salehi R, et al. (2016) Boron neutron capture therapy: Moving toward
targeted cancer therapy. J Cancer Res Ther 12: 520.

Seifert HS (2018) Above and beyond watson and crick: Guanine quadruplex structures and
microbes. Annu Rev Microbiol 72: 49-69.

Turner KM, Deshpande V, Beyter D, et al. (2017) Extrachromosomal oncogene amplification
drives tumour evolution and genetic heterogeneity. Nature 543: 122—125.

Friedberg EC (2016) A history of the DNA repair and mutagenesis field: The discovery of base
excision repair. DNA repair 37: A35-A39.

Zhu K, Liu Q, Zhou Y, et al. (2015) Oncogenes and tumor suppressor genes: comparative
genomics and network perspectives. BMC genomics 16: S8.

Ratcliffe CD, Sahgal P, Parachoniak CA, et al. (2016) Regulation of cell migration and Bl
integrin trafficking by the endosomal adaptor GGA3. Traffic 17: 670—688.

Li D, Kang N, Ji J, et al. (2015) BRCAI1 regulates transforming growth factor-p (TGF-B1)
signaling through Gadd45a by enhancing the protein stability of Smad4. Mol Oncol 9: 1655—
1666.

Bernstein L (2002) Epidemiology of endocrine-related risk factors for breast cancer. J
Mammary Gland Biol Neoplasia 7: 3—15.

Chen X, Duan N, Zhang C, et al. (2016) Survivin and tumorigenesis: molecular mechanisms and
therapeutic strategies. J Cancer 7: 314.

Fodde R (2002) The APC gene in colorectal cancer. Eur J Cancer 38: 867-871.

AIMS Allergy and Immunology Volume 4, Issue 2, 32-49.



47

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

Akavia UD, Litvin O, Kim J, et al. (2010) An integrated approach to uncover drivers of cancer.
Cell 143: 1005-1017.

Mirzaei H, Sahebkar A, Sichani LS, et al. (2018) Therapeutic application of multipotent stem
cells. J Cell Physiol 233: 2815-2823.

West NR, McCuaig S, Franchini F, et al. (2015) Emerging cytokine networks in colorectal
cancer. Nat Rev Immunol 15: 615-629.

LuJ, WuJ, Tian J, et al. (2018) Role of T cell-derived exosomes in immunoregulation. /mmunol
Res 66: 313-322.

Born W, White J, O'Brien R, et al. (1988) Development of T cell receptor expression: studies
using T cell hybridomas. Immunol Res 7: 279-291.

Mirzaei H, Salehi H, Oskuee RK, et al. (2018) The therapeutic potential of human adipose-
derived mesenchymal stem cells producing CXCL10 in a mouse melanoma lung metastasis
model. Cancer Lett 419: 30-39.

Zhao L, Cao YJ (2019) Engineered T Cell Therapy for Cancer in the Clinic. Front Immunol 10:
2250.

Schlessinger J, Ullrich A (1992) Growth factor signaling by receptor tyrosine kinases. Neuron 9:
383-391.

Iwamoto M, Saso W, Sugiyama R, et al. (2019) Epidermal growth factor receptor is a host-entry
cofactor triggering hepatitis B virus internalization. P Nat/ Acad Sci Usa 116: 8487-8492.
Moradian Tehrani R, Verdi J, Noureddini M, et al. (2018) Mesenchymal stem cells: a new
platform for targeting suicide genes in cancer. J Cell Physiol 233: 3831-3845.

Mirzaei H, Sahebkar A, Avan A, et al. (2016) Application of mesenchymal stem cells in
melanoma: a potential therapeutic strategy for delivery of targeted agents. Curr Med Chem 23:
455-463.

Pichlmair A, Schulz O, Tan CP, et al. (2006) RIG-I-mediated antiviral responses to single-
stranded RNA bearing 5’-phosphates. Science 314: 997-1001.

Grossman JD, Grossman W (2019) Angiogenesis. Rev Cardiovasc Med 3: 138—144.

Hashemi Goradel N, Ghiyami-Hour F, Jahangiri S, et al. (2018) Nanoparticles as new tools for
inhibition of cancer angiogenesis. J Cell Physiol 233: 2902-2910.

Ning S, Laird D, Cherrington JM, et al. (2002) The antiangiogenic agents SU5416 and SU6668
increase the antitumor effects of fractionated irradiation. Radiat Res 157: 45-51.

Ye W (2016) The complexity of translating anti-angiogenesis therapy from basic science to the
clinic. Dev Cell 37: 114-125.

Sudhakar A (2009) History of Cancer, Ancient and Modern Treatment Methods. J Cancer Res
Sci Ther 1: 1-4.

Wood AK, Sehgal CM (2015) A review of low-intensity ultrasound for cancer therapy.
Ultrasound Med Biol 41: 905-928.

Romero P, Banchereau J, Bhardwaj N, et al. (2016) The Human Vaccines Project: A roadmap
for cancer vaccine development. Sci Transl Med 8: 334ps339-334ps339.

Paez JG, Janne PA, Lee JC, et al. (2004) EGFR mutations in lung cancer: correlation with
clinical response to gefitinib therapy. Science 304: 1497—-1500.

Zeitoun G, Sissy C, Kirilovsky A, et al. (2019) The immunoscore in the clinical practice of
patients with colon and rectal cancers. Chirurgia (Bucur) 114: 152—-161.

AIMS Allergy and Immunology Volume 4, Issue 2, 32-49.



48

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

&9.

90.

Fridman WH, Pagés F, Sautes-Fridman C, et al. (2012) The immune contexture in human
tumours: impact on clinical outcome. Nat Rev Cancer 12: 298-306.

Rodriguez PC, Rodriguez G, Gonzalez G, et al. (2010) Clinical development and perspectives of
CIMAvax EGF, Cuban vaccine for non-small-cell lung cancer therapy. MEDICC Rev 12: 17-23.
Perez CA, Santos ES, Raez LE (2011) Active immunotherapy for non-small-cell lung cancer:
moving toward a reality. Expert Rev Anticancer Ther 11: 1599—1605.

Gattinoni L, Powell DJ, Rosenberg SA, et al. (2006) Adoptive immunotherapy for cancer:
building on success. Nat Rev Immunol 6: 383-393.

Mahoney KM, Rennert PD, Freeman GJ (2015) Combination cancer immunotherapy and new
immunomodulatory targets. Nat Rev Drug Discov 14: 561-584.

Restifo NP, Dudley ME, Rosenberg SA (2012) Adoptive immunotherapy for cancer: harnessing
the T cell response. Nat Rev Immunol 12: 269-281.

Mirzaei HR, Mirzaei H, Lee SY, et al. (2016) Prospects for chimeric antigen receptor (CAR) v
T cells: A potential game changer for adoptive T cell cancer immunotherapy. Cancer Lett 380:
413-423.

Han X, Wang Y, Han WD (2018) Chimeric antigen receptor modified T-cells for cancer
treatment. Chronic Dis Transl Med 4: 225-243.

Weng J, Lai P, Qin L, et al. (2018) A novel generation 1928zT2 CAR T cells induce remission
in extramedullary relapse of acute lymphoblastic leukemia. J Hematol Oncol 11: 25.

Turtle CJ, Hanafi LA, Berger C, et al. (2016) CD19 CAR-T cells of defined CD4+: CD8+
composition in adult B cell ALL patients. J Clin Invest 126: 2123-2138.

Wang Y, Zhang W, Han Q, et al. (2014) Effective response and delayed toxicities of refractory
advanced diffuse large B-cell lymphoma treated by CD20-directed chimeric antigen receptor-
modified T cells. Clin Immunol 155: 160-175.

Fry TJ, Shah NN, Orentas RJ, et al. (2018) CD22-targeted CAR T cells induce remission in B-
ALL that is naive or resistant to CD19-targeted CAR immunotherapy. Nat Med 24: 20.

Ramos CA, Ballard B, Zhang H, et al. (2017) Clinical and immunological responses after
CD30-specific chimeric antigen receptor—redirected lymphocytes. J Clin Invest 127: 3462-3471.
Levine BL, Miskin J, Wonnacott K, et al. (2017) Global Manufacturing of CAR T Cell Therapy.
Mol Ther-Meth Clin D 4: 92—101.

Mirzaei HR, Mirzaei H, Namdar A, et al. (2019) Predictive and therapeutic biomarkers in
chimeric antigen receptor T-cell therapy: A clinical perspective. J Cell Physiol 234: 5827-5841.
Newick K, O’Brien S, Moon E, et al. (2017) CAR T cell therapy for solid tumors. Annu Rev
Med 68: 139-152.

Eshhar Z (2008) The T-body approach: redirecting T cells with antibody specificity, In:
Chernajovsky Yuti, Nissim Ahuva, Therapeutic Antibodies, 1st Ed., Heidelberg: Springer, 329—
342.

Curran KJ, Pegram HIJ, Brentjens RJ (2012) Chimeric antigen receptors for T cell
immunotherapy: current understanding and future directions. J Gene Med 14: 405-415.

Del Nagro CJ, Otero DC, Anzelon AN, et al. (2005) CD 19 function in central and peripheral B-
cell development. Immunol Res 31: 119-131.

Mirzaei HR, Jamali A, Jafarzadeh L, et al. (2019) Construction and functional characterization
of a fully human anti-CD19 chimeric antigen receptor (huCAR)-expressing primary human T
cells. J Cell Physiol 234: 9207-9215.

AIMS Allergy and Immunology Volume 4, Issue 2, 32-49.



49

91. Feng K, Guo Y, Dai H, et al. (2016) Chimeric antigen receptor-modified T cells for the
immunotherapy of patients with EGFR-expressing advanced relapsed/refractory non-small cell
lung cancer. Sci China Life Sci 59: 468—479.

92. O’Rourke DM, Nasrallah MP, Desai A, et al. (2017) A single dose of peripherally infused
EGFRvllII-directed CAR T cells mediates antigen loss and induces adaptive resistance in
patients with recurrent glioblastoma. Sci Transl Med 9: eaaa0984.

93. Lamers CH, Sleijfer S, Van Steenbergen S, et al. (2013) Treatment of metastatic renal cell
carcinoma with CAIX CAR-engineered T cells: clinical evaluation and management of on-
target toxicity. Mol Ther 21: 904-912.

94. Thistlethwaite FC, Gilham DE, Guest RD, et al. (2017) The clinical efficacy of first-generation
carcinoembryonic antigen (CEACAMS)-specific CAR T cells is limited by poor persistence and
transient pre-conditioning-dependent respiratory toxicity. Cancer Immunol Immun 66: 1425—
1436.

95. Savoldo B, Ramos CA, Liu E, et al. (2011) CD28 costimulation improves expansion and
persistence of chimeric antigen receptor—modified T cells in lymphoma patients. J Clin Invest
121: 1822-1826.

96. Hartmann J, Schiiler-Lenz M, Bondanza A, et al. (2017) Clinical development of CAR T
cells—challenges and opportunities in translating innovative treatment concepts. EMBO Mol
Med 9: 1183-1197.

97. Srivastava S, Riddell SR (2015) Engineering CAR-T cells: design concepts. Trends Immunol
36: 494-502.

98. Linehan DC, Goedegebuure PS (2005) CD25+ CD4+ regulatory T-cells in cancer. Immunol Res
32: 155-168.

99. Frey NV, Porter DL (2016) The promise of chimeric antigen receptor T-cell therapy. Oncology-
Basel 30.

100. Maude SL, Frey N, Shaw PA, et al. (2014) Chimeric antigen receptor T cells for sustained
remissions in leukemia. New Engl J Med 371: 1507-1517.

101. Turtle CJ, Berger C, Sommermeyer D, et al. (2015) Anti-CD19 chimeric antigen receptor-
modified T cell therapy for B cell non-Hodgkin lymphoma and chronic lymphocytic leukemia:
fludarabine and cyclophosphamide lymphodepletion improves in vivo expansion and
persistence of CAR-T cells and clinical outcomes. Blood 126: 184.

102.Zhao Z, Chen Y, Francisco NM, et al. (2018) The application of CAR-T cell therapy in
hematological malignancies: advantages and challenges. Acta Pharm Sin B 8: 539-551.

103. Carpenter RO, Evbuomwan MO, Pittaluga S, et al. (2013) B-cell maturation antigen is a
promising target for adoptive T-cell therapy of multiple myeloma. Clin Cancer Res 19: 2048—
2060.

7T\ © 2020 the Author(s), licensee AIMS Press. This is an open access
AIMS AIMS Press article distributed under the terms of the Creative Commons
Z Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Allergy and Immunology Volume 4, Issue 2, 32-49.



