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One of the serious health problems of today's societies is cancer, which many efforts have been made
to deal with. Despite the many studies conducted in the field of cancer treatment and the provision of
various treatments in this field, cancer cells show resistance to the offered treatment strategies (even
chemotherapy) and leave the offered treatments without results. Therefore, scientists have tried
(especially in the last two decades) to use smart ways to successfully fight cancer. Among the
appropriate solutions presented in recent years is targeting the weak points of neoplastic cells and using
them to make drugs. The use of this method makes it more likely that cancer cells will not have a
chance to fight. Targeted cancer treatment usually includes two different approaches: the first approach
is to use special drugs to target the weak points of cancer cells, and the second approach is to deliver
the drug directly to the abnormal cells and avoid more collateral damage to the patients. The main goal
of these studies is to provide personalized treatments to each patient based on the underlying cause of
his illness, which will bring medical science into the field of person-centered medicine. In this review
article, using reliable and new sources, the goals that are used for this targeted treatment are introduced
along with the logic of their selection and the drugs obtained from them.
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Introduction

For years, cancer has affected many people
and is the second leading cause of death
worldwide after cardiovascular diseases.!
Cancer is a very complex genetic,
epigenetic, and environmental disease and
has many variations in tissue, tumor, and
cellular levels, which can lead to
inappropriate treatments.? 3 By disrupting
the amazing order of body cells, cancer cells
ignore the rules governing cell division and
do their work.

The speed of tumor progression depends on
the individual's biological, immunological,
genetic, and environmental backgrounds.
The complexity of cancer increases with the
discovery of various gene sequences
involved in it, especially tumor suppressor
genes and molecular pathways. 5
However, evidence has shown that a
significant part of cancer predisposing
factors cannot be attributed to changes in
protein-coding sequences. As an example,
the identification of a large number of long
non-coding RNAs or IncRNAs with a length
of more than 200 base pairs in humans has
revealed the role of these molecules in
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cancer pathology and their role in

tumorigenesis.®

It is believed that mutation is a long and
multi-step process that is created by the
accumulation of mutations in various loci of
the genome. Therefore, extensive studies in
the field of specific diagnosis and
appropriate treatment are vital. However,
cancer cells are also able to use the body's
intelligent mechanisms to survive and fight
against therapeutic agents. -1

This is why scientists are trying to propose
the best option for the treatment regimen of
each patient by accurately identifying the
mutations involved in the development of
each cancer so that with this approach, the
side effects of chemotherapy can be
prevented as much as possible and the
treatment efficiency can be improved. The
important point in this is that these drugs
should be able to target primary mutations
or "drivers" in the cancer process, instead of
"passenger" mutations that occur in many
types of cancer,[*3 to do this, two different
strategies have been suggested: 1-
Examining the genome of each person's
cancer cells, especially in the initial stages
and before metastasis, to find the mutations
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responsible for causing the disease. In this case, the best drug
can be selected to target the defective pathway. 2- Finding
solutions that can deliver chemotherapy drugs with the highest
concentration to the cancer mass.[*?

The main goals of targeted cancer therapy

Cell signaling routes
One of the things that plays a great role in the process of
carcinogenesis is the disruption of the order of cell signaling
pathways that leads to excessive cell proliferation or prevents
cell proliferation from stopping at the necessary time.

The Epidermal Growth Factor Receptor (EGFR) pathway is
one of the most important tyrosine kinase pathways, which, as
its name suggests, stimulates cell growth and proliferation. In
a study that was conducted on a special group of patients with
non-small cell lung cancer (Non-Small Cell Lung Carcinoma,
NSCLC),1*® the second active loop of 47 genes out of 58
human tyrosine kinase genes was investigated. It was found
that among them in the EGFR protein, a range of genetic
changes; including deletions in exon 19 and certain missense
mutations in the activator loop (LS58R) and the P protein loop
(G7195). In this study, the study group was people who
showed a very good response to AstraZeneca (Gefetinib Jressa
21839). It was determined by the investigations that this drug
inhibits the phosphorylation of the downstream pathways of
the epithelial growth factor, so it can have the best results for
people who have this primary mutation in their tumor cells.
The discovery of this problem caused this drug to be
prescribed only for a specific target group, because its
administration to other people, except for side effects, will not
affect their tumor growth in the long term.

However, in another study, it was shown that several patients
in the target group of this drug also showed relative resistance
to Gefitinib after some time, which is most likely caused by
the presence and activity of cancer stem cells in the
heterogeneous mass.[**l In this case, a monoclonal antibody
named DMC-C225 Erbitux (Cenuximab) was used, which has
a more targeted mechanism and by connecting to the second
domain of this receptor, it causes its internalization and stops
the messaging. Another important point in this study was that
this mutation is much more common in the Japanese
population than in the American population, which can raise
questions about ethnic influences on the development of
different cancers.

For the RAS pathway, which is located downstream of EGFR,
due to the existence of different mutations, inhibition
strategies, and different targeted drugs have been designed.*]
For example, the RAS protein requires a post-transcription
modification (PT) for its normal function, during which a
farnesyl group is attached to it. Several drugs have been
designed to inhibit this PTC, which are known as Famesyl
Transferase Inhibitors (FTIS).

Some drugs such as the ISIS family have no noticeable effect
on their own despite inhibiting the farnesyl group connection.

This has several reasons; among other things, the inhibition of
this process can replace the connection of the geranyl-geranyl-
gerany|l group to the corresponding proteins, and the functional
changes created in this case will not be completely predictable.
Therefore, only finding the target path for it is not enough to
design the drug, one must be able to predict its function in the
very complex context of the body system. Another aspect of
RAS pathway proteins that can be controlled by drugs is their
kinase function.[6]

Angiogenesis

Another aspect of tumors, which extensive efforts are
underway to control, is their angiogenesis, which involves
multiple pathways. The vascular Endothelial Growth Factor
(VEGF) pathway is one of the most important pathways
involved in angiogenesis, which has two important receptors
named FLT1 and FLK1. VEGF protein is targeted by a
monoclonal antibody, which is created Beracizumab drug
(Genentech, Avastin). This drug is the first targeted therapy to
inhibit angiogenesis that has been approved by the FDA. Also,
9006-43-Bay and 011248-SU are being investigated for
kidney cancer. Another therapeutic method used to inhibit this
pathway is small-molecule antagonists, including SU5416 and
SU6668. These small molecules competitively occupy the
tyrosine kinase position of the receptors of this pathway and
deactivate the pathway. A new generation of these molecules
called SU011248 has also been designed that can inhibit
multiple receptors. Therefore, it is used for patients who are in
the advanced stages of the disease and have multiple
tumors.[t7

Another protein that is very important in the path of
angiogenesis is called hypoxia-inducible factor (1-Hypoxia-
Inducible Factor, HF), which is activated in the condition of
reduced oxygen in cells and causes angiogenesis and maintains
cell survival. Drugs designed to inhibit this protein are
generally small-molecule antagonists.*¥] The mechanism of
most of them is gradually being introduced because many of
them induce inhibition of HIF-1a through the inhibition of
other molecules.'¥ Even topoisomerase inhibitors with
microtubule polymerization inhibitors can inhibit the function
of HIF-1a. Therefore, their mechanism is not considered
targeted and specific. On the other hand, HIF-10 requires HSP-
90 for its stability. Therefore, by targeting this molecule, the
angiogenesis pathway can be controlled.[*

Another alternative pathway leading to HIF-1a inhibition is
through mTOR inhibition. The Mammalian Target of
Rapamycin is activated by mTOR through the signaling
pathway of PI3-kinase and AKT kinase, stimulating the
translation of mMRNA related to HIF-la protein.[*9-24
Therefore, these drugs are also designed against this protein.[?2
It should be noted that drugs such as PT2399 for targeting 2-
HF have recently been proposed and are undergoing pre-
clinical stages./?!

Genome stability
Disruption of the ability to maintain the stability of the genome
is one of the important factors underlying the development of
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neoplastic cells. Considering this weakness of cancer cells, one
of the most promising treatment solutions is to use drugs that
cause damage to the genome in cells where DNA repair
pathways are damaged.?*! In this case, the drug only causes
the death of abnormal cells, and other healthy cells of the
person's body can deal with this environmental stress due to
their ability to repair their genome. Among the main drugs
used for this purpose are alkylating agents. Another group of
these drugs includes platinum-containing substances. It should
be noted that scientists have proposed combined treatments in
a more intelligent way, in which the regenerative pathways of
cancer cells are first inhibited with solutions, and then genomic
damage is caused by using the mentioned drugs. This approach
makes alkylating or platinum drugs usable in a wider range of
people. Although, unfortunately, the possibility of side effects
of chemotherapy also increases.?* 21

Targeted transfer methods

Medicine, as mentioned earlier, is one of the types of targeted
cancer treatment, inventing and using methods that can
directly transfer the drug to the cancer cells and by preventing
the drug from reaching the healthy cells of the person, the side
effects of chemical drugs Minimize treatment. Of course, these
treatments can face difficulties in practice. However, there are
three different strategies for this task: The first and most
widely used method is the use of antibodies, in which the
antibodies are designed in such a way that they identify the
specific surface marker of cancer cells and bind to it. In this
case, based on the characteristics of these antibodies, drugs can
be divided into two main categories. In the first category,
monoclonal antibodies act directly as drugs, in which case they
are called functional antibodies. These molecules are inactive
in the bloodstream and only after binding to the cells, do they
show lethal properties to some extent. Although the number of
these drugs is, limited, they are usually used in combination
with other chemotherapy drugs or at the same time as radiation
therapy. Even in some cases, radioisotopes are attached to
them to increase the lethality. In the second case, antibodies
are used as a carrier that passively carries the drug in the
bloodstream and delivers it to the target cancer cell. In this
case, binding to special receptors causes their internalization
and transports the drug into the cell. Drugs are usually attached
to amino groups of lysines (Lysines) in FC regions or constant
regions of carrier antibodies.[?%

The number of drug molecules should be carefully adjusted in
such a way that it does not hurt the solubilization property of
the antibody and does not have cytotoxicity or excessive
effects. In the field of designing this type of drug, the results
of the initial efforts were known as first-generation drugs.
Antibodies of these drugs are mouse or human-mouse chimera,
and the drug's binding agent is needed for them to separate
from the acidic properties of endosomes with proteasome
properties of proteasomes. Although this generation of drugs,
due to their allogeneic antibodies, partially causes an immune
response in the patient and limits the repetition of the
treatment. For this reason, in subsequent efforts, second-
generation drugs with fully human antibodies and disulfide
linkers were designed and used. Methotrexate and doxorubicin

are the most important drugs of the first generation Toxoids
are second-generation drugs.[?8!

The second targeted method is designed based on this strategy
that rapidly growing cell masses have many vessels that do not
have a complete structure due to the speed of synthesis and are
so-called leaky. Therefore, if the drugs are present in the
bloodstream for the necessary time, these cells absorb the drug
faster and more than the normal cells of the body. To escape
from the reticuloendothelial system and keep the drug in the
bloodstream longer, nanoparticles with a hydrophilic surface
and an approximate diameter of 100 m are used. If the surface
of these nanoparticles is covered with antigens that target
specific antigens on the surface of cancer cells, an efficient and
targeted system for drug delivery to cancer cells will be
provided. This transfer system is even used to transfer genes
into cancer cells. For example, lipid-based cationic
nanoparticles (Lipid-based cationic nanoparticles) were used
to deliver the mutated Raf gene to mouse tumors, and the
mutant protein produced was able to inhibit several signaling
pathways and reduce tumor growth. This method of gene
transfer has been used for various types of cancers and is still
being increasingly investigated.?7-2°]

One of the latest solutions that has attracted the attention of
scientists is the use of non-slowing RNAS to inhibit or regulate
signaling pathways. One of the most important members of
this group is mMiRNAs. MicroRNAs are a group of short RNAs
with an approximate length of 19-21 nucleotides, which are
effective on the stability of MRNAs and are responsible for
regulating the expression level of many genes. These
sequences, some of which have specific promoters and some
are located within the intronic or exonic sequences of other
genes, after passing through several precursor stages and with
the help of enzymes, become mature and active. Then each
MRNA binds to the target mMRNAs and based on the degree of
matching with the corresponding sequence, they lead to the
suppression of the expression of the target gene product.r*’!

It should be noted that many other mechanisms have been
proposed for the functioning of miRNAs, some of which even
include increasing the expression of genes because of binding
to miRNAs.[B% 321 According to the set of mentioned cases, the
use of miRNAs as medicine requires a lot of precision and
control. However, researchers have introduced several
sequences as a treatment approach that, if they can appear
effective in clinical trials, can be considered very successful
hopes in the fight against cancer. In these studies, miRNAs are
proposed both as molecular targets for drugs and as drug
inhibitors to suppress other genes. For example, increasing the
expression of miR-193a is one of the molecular targets to help
AML patients who have mutations in the C- gene.[3 On the
other hand, the miR 29 family has been introduced as one of
the best drug sequences to suppress the progression of AMIL
in mouse models.4

Another group of non-slowing RNAs, which are among new
therapeutic hopes, is called small interfering RNA (SIRNA).
These sequences are generally synthetic and approximately
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21-23 nucleotides in length, which play a role similar to
miRNA. According to The process mentioned, siRNAs can
prevent the expression of target genes, which have been used
to treat cancers.

Conclusion

Cancer is perhaps one of the most complex human problems
in the field of health, which imposes a lot of financial and
emotional costs on societies every year. Due to the intelligent
function of cancer cells to deal with therapeutic strategies, the
need for better drug design cannot be ignored. One of the most
suitable solutions is the design of chemotherapy drugs based
on the weak points of cancer cells, which makes the treatment
for each patient individually and specifically designed to have
the highest efficiency with minimal side effects. In this
context, targeting cell signaling pathways including EGFR
and RAS, angiogenesis pathway and genome repair pathway
have brought successful results so far. Another method under
investigation is the use of targeted and efficient delivery
methods for drugs, which nanoparticles, miRNAs, and
SiRNAs have been successful in this field so far.
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