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A B S T R A C T 

During treatment with chemotherapy drugs, many cancers become 

resistant to the therapeutic effects of the drugs used. Various 

mechanisms have been proposed in relation to drug resistance. One 

of the most important reasons for drug resistance is the high 

expression of ATP-dependent membrane proteins from the large 

family of membrane transporters (ATP Binding Cassette ABC). From 

this family, the membrane transporter with a molecular weight of 

170 KDa named glycoprotein P plays an important role in drug 

resistance. Other membrane proteins from the MRP (Multidrug 

Resistance Associated Protein) family are also involved in drug 

resistance. ABC proteins are also expressed in normal cells. The 

mentioned proteins are responsible for the transfer of endogenous 

substrates. The high expression of these proteins in cancer cells is 

the most important obstacle to cancer treatment. The range of 

clinical responses is caused by the medicinal qualities of the 

treatment as well as the internal and acquired molecular and 

physical characteristics of cancer cells and external environmental 

factors. The latter can be caused by several factors, such as increased 

DNA repair capacity, altered drug metabolism, mutated or altered 

drug targets, reduced drug accumulation, and inactivated cell death 

signals. Cancer stem cells (CSCs) show drug resistance. Because 

transporters overexpress adenosine triphosphate (ATP) binding 

cassette. Through specific regulatory genes, FOXM1, a transcription 

factor specific for cell proliferation, controls the transition between 

G1/S and G2/M cell cycle phases. In addition, it is an oncogene that 

causes the expansion and proliferation of cancer cells. Via ABCC5 

(ATP binding cassette subfamily member 5) expression, FOXM1 

overexpression causes paclitaxel resistance in nasopharyngeal 

carcinoma. 
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Introduction 

gradual decrease in the drug's 

ability to treat cancer after 

treatment can indicate acquired 

resistance [1]. Many studies have 

focused on the differences between intrinsic 

and acquired cancer drug resistance. However, 

a variety of overlapping mechanisms can also 

be contributing factors. Natural resistance that 

develops before a patient is exposed to drugs is 

commonly known as intrinsic resistance and 

can affect the effectiveness of treatment. 

A number of factors can contribute to acquired 

resistance. including changes in the TME after 

treatment through various mechanisms such as 

low pH, hypoxia, translocation and polarization 

in immune cell populations, exosomes, various 

secretions, vascular abnormalities and soluble 

factors from the stroma [2]. Paracrine signaling 

interactions between stromal and tumor cells, 

mutations or altered levels of drug target 

expression, and activation of a second proto-

oncogene that becomes a driver gene can also 

contribute to acquired drug resistance. 

Targeted drugs induce subtler changes that can 

be classified as acquired resistance after 

repeated exposure or early adaptive responses. 

 

Modified drug metabolism 

After ingestion, drugs are biochemically 

transformed by drug-metabolizing enzymes. 

Metabolic activation is required for many 

anticancer drugs to exert their mechanism of 

action. These enzymes are associated with drug 

activation and inactivation in cancer cells, 

including the uridine 

diphosphoglucronosyltransferase (UGT) 

superfamily, the glutathione S-transferase 

(GST) superfamily [3], and the cytochrome 

P450 (CYP) system. A change in CYP may alter 

the capacity of these proteins to metabolize the 

drug and lead to a large increase in drug release 

and a change in the way the drug is broken 

down.  

As a result, the concentration of drugs inside 

the patient's tumor decreases and the 

treatment loses its effectiveness. Cancer stem 

cells (Cancer Stem Cells) include a small group 

of cancer cells that, like normal stem cells, have 

preserved the properties of self-renewal, 

proliferation [4], and differentiation, and at the 

same time have tomogenic properties. These 

cells remain in the G0 phase of the cell cycle and 

cause the proliferation and expansion of 

cancerous masses. Therefore, the self-renewal 

property of cancer stem cells is one of the main 

reasons for the increase and expansion of 

cancer tumor volume [5].  

These cancer initiating cells (Tumor initiating 

cells) having the fundamental property at the 

top of the pyramid of cancer cells, are 

responsible for the emergence of all types of 

cells with a high reproduction rate in the cancer 

mass. Recently, the differentiation power of 

cancer stem cells to other cells (plasticity) has 

been reported in many studies. Cancer stem 

cells have most of the characteristics of normal 

stem cells that keep their cell population 

undifferentiated [6].  

Among the features that cause the survival of 

the stem cell population, we can mention the 

expression of CD133 and CD44 markers, 

aldehyde dehydrogenase enzyme (ALDH), high 

activity of Wnt, Notch, Hedgehag signals and 

relative quiescence with active DNA repair 

capability. Therefore, cancer stem cells are a 

factor in maintaining the population of cancer 

cells and resistance to treatment by 

maintaining cell metabolism and finally death 

of the patient.  

Today, chemotherapy, radiotherapy and 

hormone therapy are used as common 

methods in the treatment of cancers, which 

have many side effects for the patient. On the 

A 
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other hand, although this type of treatment 

causes the tumor mass to shrink in cancers 

with the origin of stem cells and stem cells, but 

due to the presence of cancer stem cells, the 

tumor grows again and shows resistance to 

treatment. For this purpose, treatments based 

on the control of cancer stem cells should be 

designed. Therefore, recognizing and 

distinguishing between normal and cancerous 

stem cells seems necessary in order not to 

damage normal stem cells [7]. 

 

Epigenetic modifications 

Cell fate and pathogenesis are largely 

influenced by epigenetics. It seems that non-

genetic heterogeneity contributes to the 

development of cancer cells or resistance to 

treatment. Disruption of gene expression is 

caused by epigenetic changes that persist for 

several cell divisions and ultimately lead to 

non-genetic heterogeneity and treatment 

resistance [8].  

The development of chemo resistance in cancer 

is promoted by epigenetic changes associated 

with histone modification, DNA methylation, 

chromatin remodeling, and changes associated 

with non-coding RNAs (ncRNAs). 

Accumulating evidence suggests that 

epigenetic changes contribute to the 

development of various resistance mechanisms 

such as enhanced DNA repair, increased drug 

efflux, and defective apoptosis [9]. 

 

Tumor microenvironment 

Cancer cells, stromal cells, ECM, blood and 

lymphatic vessels, immune cells, nerve fibers, 

signaling molecules and associated cellular 

components constitute the TME. Cancer cells 

are made and ordered to support the 

appearance of cancer symptoms, response to 

stimulation, internal or external stress and 

treatment and ultimately support survival, 

growth, angiogenesis, migration, invasion and 

immune evasion as well as drug resistance 

[10].  

The TME includes myeloid-derived suppressor 

cells (MDSCs), mast cells, CAFs, TAMs, vascular 

endothelial cells, adipocytes, pericytes, tumor-

associated neutrophils, dendritic cells, and 

granulocytes. 

 

Multidrug resistance 

MDR is a common problem in cancer patients 

undergoing long-term chemotherapy and is a 

leading cause of death. Some tumors that 

become resistant to one type of drug are also 

resistant to different drugs, despite the fact that 

they may have different modes of action than 

the initial treatment [11].  

In fact, cross-resistance to a variety of 

anticancer drugs with unique structural and 

functional characteristics characterizes the 

MDR phenotype. Genetic variations and drug-

drug interactions are examples of host-

contributory factors. Genetic variants such as 

single nucleotide polymorphisms (SNPs), copy 

number changes, insertions, deletions, and 

duplications in genes encoding drug targets, 

DNA repair, cell cycle control, drug efflux, and 

enzymes involved in drug metabolism can 

affect drug efficacy [12].  

 

Altered signaling pathways involved in drug 

resistance in cancer 

1- Wnt/β-Catenin pathway: It has been 

discovered that EMT and resistance to 

chemotherapy drugs in cancer cells depends on 

the zinc finger transcription factor, 

pleomorphic adenoma-like gene-2 (PLAGL2). 

Recently, it has been shown that through 

activation of the Wnt/β-catenin signaling 

pathway, PLAGL2 promotes Adriamycin 

resistance and cell invasiveness in breast 

cancer [13].  

A recent study on metastatic squamous lung 

cancer showed that Wnt signaling may play a 

role in enhancing adeno-to-squamous (AST) 
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differentiation. For example, upregulation of 

the Wnt pathway was detected in metastatic 

lung cancer following resistance to osimertinib. 

Various studies have shown the important role 

played by AST in the development of resistance 

to molecular targeted therapy in lung cancer. 

2- JAK/STAT signaling pathway: It was 

discovered that miR-106a-3p is an oncome in 

gastric cancer that causes patina resistance due 

to the overexpression of JAK2/STAT3 proteins 

and their signaling. Furthermore, through 

PTEN/Akt/SMAD2 and RAS/MEK/FOS 

MAPK/Akt pathways, apurinic/apyrimidinic 

adeoxyribonuclease 1 (APEX1)/miR-27a-5p 

contributed to doxorubicin resistance in gastric 

cancer cells. Recently, chronic myeloid 

leukemia (CML) cells with high levels of 

intracellular angiopoietin-1 (iANG-1) have 

been found to be resistant to dasatinib, 

nilotinib, imatinib, and other TKIs. 

Furthermore, a unique drug resistance 

mechanism in CML was demonstrated by 

significant upregulation of the p-SRC/p-STAT5 

axis by iANG-1 [14]. 

3- PI3K/Akt/mTOR pathway: proportion 

convertase subtilizing/kexin type 9 (PCSK9), a 

crucial enzyme for antitumor immune 

responses, also activated Akt by suppressing 

PTEN, which caused resistance to sorafenib in 

HCC. In addition, nuclear Para speckle 

assembly transcript 1 (NEAT1), a lncRNA, 

activated the c-MET/Akt pathway through 

miR-335 in HCC cells, leading to sorafenib 

resistance. Recently, it has been found that in 

male hematoma and HCC cell lines, the 

NEAT1v1-superoxide dismutase 2 (SOD2) axis 

confers resistance to lenvatinib and sorafenib 

and switches the growth mode from MEK/ERK-

dependent to Akt-dependent. The lethal effects 

of lenvatinib were potentiated by the MEK 

inhibitor selumetinib, indicating that thyroid 

cancer cells switch from Akt-dependent to 

MEK/ERK-dependent cell growth modes to 

develop resistance to lenvatinib [15]. 

4- MAPK pathway: Mitochondrial fusion has 

recently been shown to dramatically reduce the 

sensitivity of breast cancer cells to tamoxifen 

under metabolic stress, possibly contributing 

to acquired drug resistance through AMPK and 

MAPK signaling.  

Through p44/42 MAPK-Drp1 (a dynamin-

related GTPase) signaling, membrane-bound G 

protein-coupled estrogen receptor (GPER) 

induces mitochondrial fission, which is 

essential for GPER-induced cell apoptosis in 

breast cancer cells. According to relevant 

studies, one of the key mechanisms by which 

CRC cells develop resistance to cetuximab is the 

activation of the RAS/RAF/MEK/MAPK 

pathway [16].  

Fucosyltransferase VI (FUT6) modulates the 

EGFR/ERK/STAT signaling pathway to control 

EGF-induced invasion, migration, proliferation 

and EMT of head and neck squamous cell 

carcinoma. Each tumor has a unique set of 

traits that govern how it progresses. Despite 

the challenges, it is still possible to draw a 

strategy to combat the issue of cancer drug 

resistance by using our knowledge of its 

biological components and moving towards a 

more personalized approach to treatment. 

Monitoring cancer progress in real time, 

immunotherapy with checkpoint blockade, 

multimodality treatment and systematic 

identification of cancer addiction are 

progressive steps towards effective eradication 

of cancer without giving a chance to adapt and 

use compensatory mechanisms [17].  

A combination of drugs that target multiple 

pathways, together with the use of 

computational strategies that predict cancer 

growth and signaling adaptation, will be a 

promising approach to reduce the likelihood of 

drug resistance in the future. 

A) Reduction of resistance: Combination 

treatment of drugs with different mechanisms 

of action reduces the possibility of cancer cell 

resistance. This method uses several routes to 
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attack cancer cells, which is more effective in 

this regard [18]. 

B) Strengthening effects: Each drug alone 

may not have the desired effect, but when 

combined with other drugs, their collective and 

reinforcing effects increase the efficiency and 

effectiveness of treatment. 

 

 
Figure 1. Mechanisms of Drug Resistance in Cancer Cells: A Chemical Perspective

 

Mixed approaches 

1- Combination of surgery and drugs: using 

surgery along with cancer drugs to control 

cancers that have spread to distant places is 

one of the effective methods. This method can 

remove local tumors through surgery and then 

affect distant points with drugs [19]. 

2- Combining radiation therapy and 

chemotherapy: using radiation therapy before 

or after surgery along with chemotherapy can 

increase treatment improvement. Radiation 

therapy before surgery helps shrink the tumor, 

while after surgery it helps destroy any 

remaining cancer cells. 

3- Reducing symptoms and increasing life 

expectancy: For some patients, combined drug 

therapy can improve symptoms and life 

expectancy, especially for people who are not 

suitable for surgery or radiation therapy [20]. 

 

 

 

 

4- Molecular targeted therapy: The use of 

drugs that specifically attack molecular targets 

in cancer cells can be one of the effective 

aspects of combination therapy. These drugs 

are focused on specific tumors and target 

cancer cells directly. 

5- Combination of targeted treatments with 

traditional drugs: using targeted treatments 

along with traditional chemotherapy drugs can 

be a very powerful combination. This 

combination utilizes the targeted effects and 

potency of chemotherapy drugs to increase 

treatment efficacy [21]. 

6- Immunotherapy treatments: The use of 

immunotherapy treatments, which are based 

on strengthening the body's immune system to 

fight cancer cells, is used as part of combined 

treatment. These treatments can be combined 

with other treatment methods and help to 

strengthen their positive effects. 
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Types of targeted therapy 

There are several different types of targeted 

therapy, the most common of which are: 

1- Monoclonal antibodies: Monoclonal 

antibodies are a type of therapeutic strategy 

that uses engineered molecules to attack 

specific features of cancer cells. A monoclonal 

antibody may be used alone to kill cancer cells 

or as a carrier for other substances for 

therapeutic or diagnostic purposes. For 

example, chemotherapy agents or radioactive 

substances can be attached to monoclonal 

antibodies, to deliver them directly to cancer 

cells. Some of the more specific types of 

targeted therapy, including small molecule 

drugs and immunotherapy, may fall into this 

category [22]. 

2- Small molecule drugs: These drugs target 

molecules that have a small molecular weight 

and because of their size, they can better 

penetrate the cells and find their desired target. 

Some EGFR inhibitors, angiogenesis inhibitors 

and apoptosis inducers are examples of small 

molecule drugs. 

3- Immunotherapy: Immunotherapy is a wide 

range of treatments designed to improve the 

function of the body's immune system for 

better diagnosis and attack on cancer cells. 

Some immunotherapy treatments are designed 

to target specific receptors on cancer cells or 

immune cells. Checkpoint inhibitor drugs are a 

type of immunotherapy [23]. 

4- Hormone therapy: Some cancers need 

hormones to grow. Hormonal therapies are 

designed to target a specific hormone, often 

estrogen, and reduce the amount of this 

hormone in the body, reduce the production of 

new hormones, or prevent cancer cells from 

feeding. How and where to use targeted drugs 

depends on many factors. including clinical 

considerations and personal preferences. You 

may receive targeted therapy in a clinic, 

hospital, doctor's office, or at home. 

 

Targeted therapy drugs may be prescribed 

in the following ways 

 In the form of tablets, capsules or syrup, 

which is usually taken at home. 

 It is injected into a vein, muscle or 

subcutaneously through a syringe 

needle. 

 Intravenous injection may take several 

hours [24]. 

Patients who may need frequent injections or 

injections may receive an over-the-counter, so 

that medications can be administered more 

efficiently and with less pain. How to prescribe 

targeted therapy drugs depends on various 

factors and may also depend on the type of drug 

prescribed. For example: 

 Small molecule drugs are usually 

administered as tablets or capsules. 

 Monoclonal antibodies are usually 

administered by injection. 

 Immunotherapy drugs are usually 

injected [25]. 

Targeted therapy drugs are powerful and may 

cause side effects, even in caregivers or family 

members you come in contact with. If you are 

receiving targeted therapy at home, raise 

awareness of the conditions involved. It is 

possible that the cost of some medicines that 

are taken at home is more than their 

counterparts that are injected. 

How does targeted therapy fight cancer? 

Most targeted therapies lead to cancer 

treatment by interfering with specific proteins 

that help tumors grow and spread in the body 

[26]. They treat cancer in different ways: 

1- They help the body's immune system to 

destroy cancer cells: One of the reasons 

cancer cells grow is that they can hide from the 

body's immune system. Some targeted 

therapies can target cancer cells. So it is easier 

for the immune system to find and destroy 

them. Other targeted therapies help boost the 

body's immune system, so it works better 

against cancer.  
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They stop the growth of cancer cells. Healthy 

cells in your body divide normally, so that new 

cells are created only when they receive strong 

signals to do so. These signals bind to cell 

surface proteins and tell the cells to divide. This 

process helps new cells to be made only when 

your body needs them, but some cancer cells 

have changes in proteins on their surface that 

tell them to divide when signals are present or 

absent. Some targeted treatment methods 

prevent cell division by interfering with these 

proteins. This process helps reduce the 

uncontrolled growth of cancer [27]. 

2- They stop the signals that help the 

formation of blood vessels: Tumors need to 

form new blood vessels to grow beyond a 

certain size. In a process called angiogenesis, 

these new blood vessels form in response to 

signals from the tumor. Some targeted 

therapies called angiogenesis inhibitors are 

designed to interfere with these signals to 

prevent blood vessel formation. Without a 

blood supply, tumors remain small, or if a 

tumor already has a blood supply, these 

treatments can destroy blood vessels and cause 

the tumor to shrink [28]. 

3- They deliver cell-killing substances to 

cancer cells: some monoclonal antibodies are 

combined with toxins, chemotherapy drugs, 

and radiation therapy. When these monoclonal 

antibodies bind to the desired targets on the 

surface of cancer cells, the cells take up the cell-

killing substances and die. Cells that are not 

targeted will not be harmed, but will lead to the 

death of cancer cells. Healthy cells regularly die 

when they are damaged and no longer needed, 

but cancer cells have ways to prevent this 

process of dying [29].  

Some targeted therapies can make cancer cells 

go through this process of cell death. Cancers 

that need hormones are starved. Some cancers, 

such as breast cancer and prostate cancer, need 

certain hormones to grow. Hormonal 

treatments are a type of targeted treatment 

that can be effective in two ways. Some 

hormone therapies prevent the creation of 

certain hormones in the body. Others prevent 

the effect of hormones on your cells [30]. 

 

 

How to stop cancer cells resistant to 

treatment? 

Treatment-resistant cancer cells are created 

along with other cells from the beginning of 

cancer, and for this reason, smart treatment 

fails in many patients. Multi-drug treatment 

can break the resistance of these cells. Many 

people die of cancer every year. 

 

Will the multi-drug fight against drug-

resistant cancer cells cause these cells to 

lose their resistance and will this disease 

come under human control in the coming 

decades? 

Martin Novak, professor of mathematics and 

biology at Harvard University and director of 

the "Evolutionary Dynamics" program, says: "A 

hundred years ago, many people died due to 

bacterial infections, but today we know how to 

treat it and these infections are no longer fatal." 

I believe we are on the same path for cancer 

treatment [31].  

In recent years, many doctors and researchers 

have turned to using smart therapy instead of 

conventional chemotherapy methods to 

destroy cancer cells. In this method, to fight 

cancer cells, they use drugs that interfere with 

the growth and reproduction of these cells. The 

problem is that most of these drugs only work 

for a few months until the cancer cells have 

developed resistance to them. For example, in 

colon cancer, it is the KRAS gene that, when 

activated, will make cancer cells resistant to 

treatment [32].  

This gene is responsible for producing a 

protein that regulates cell division. With the 

activation of this gene, the continuation of 

smart treatment will be completely ineffective. 
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Another test conducted by a team of Johns 

Hopkins Kimmel Cancer Center researchers, 

led by oncologist and pathologist Brett 

Vogelstein, confirms this issue.  

Before starting the treatment, they studied the 

patients in terms of KRAS gene activity and 

selected only the group for smart treatment, 

which this gene was not active in their cancer 

cells. As expected, the initial results of the 

treatment were satisfactory, but when other 

patients did not respond to the treatment, tests 

showed that the gene had started to work. 

These researchers began analyzing a number of 

mutations that could activate this gene, and 

eventually asked Novak and his colleagues to 

work with them to conclude clinical trials [33].  

The results obtained from the mathematical 

and statistical analyzes of the growth of 

resistant cells were very long-awaited. Until 

now, researchers thought that the beginning of 

treatment would cause the appearance of 

resistant cells and that is why other treatments 

are not effective, but the results showed with 

an acceptable approximation that treatment-

resistant cells were present from the very 

beginning, alongside other cancer cells.  

When the drug was busy destroying other cells, 

they multiplied rapidly. Benjamin Allen, one of 

the mathematicians who collaborated in this 

research, says: "Clinical experts knew that the 

treatment would only give results in 6 months." 

They considered the main cause to be the 

beginning of resistance of cancer cells to drugs, 

but our research shows that there are resistant 

cells from the very beginning, and in fact, the 

treatment is doomed to failure from the very 

beginning.  

Novak says: If we want to explain in simple 

language, we have to say, our findings show 

that among the billions of cancer cells that are 

created in the human body, only a very small 

percentage of them are treatment-resistant 

cells.  

When the treatment starts, the non-resistant 

cells are destroyed, but there are resistant cells, 

they continue to grow and multiply without 

any problems and cause the treatment to fail. In 

fact, it is the presence of these resistant cells 

that makes drug treatment with a drug 

ineffective [34].  

In addition to the drug used in smart therapy, 

we need at least two other drugs. Novak is not 

the first to propose such a strategy to deal with 

resistant cells. His research in 1995 also led to 

recommend the use of a combination of several 

drugs to treat HIV patients in order to break the 

resistance of treatment-resistant cells. Of 

course, this proposal was the beginning of new 

challenges. In cancer treatment, researchers 

will have a long way to produce drugs that can 

match the genetics of each person's cancer cells 

and react in different directions. A way that 

could lead to cancer control in the coming 

decades [35]. 

 

Discussion 

For the first time, researchers observed a 

mechanism used by cancer cells to resist the 

effects of chemotherapy. The findings of this 

study can be used to develop targeted drugs to 

help overcome this problem and make 

chemotherapy more effective [36].  

When cells divide, tiny tube-like structures 

inside the cell called microtubules act like 

mechanical arms, separating the genetic 

material and ensuring the successful 

production of daughter cells. Cell division or 

cell division is the process in which a parent cell 

divides into two or more cells [37].  

Because cancer cells divide faster than normal 

cells, anti-microtubule chemotherapy drugs 

target these structures to prevent cancer from 

growing, but cancer cells are tricky and have 

ways to ensure that treatment isn't always 

effective. they do Now, for the first time, 

researchers from the University of New South 

Wales (UNSW) in Sydney, Australia, have 
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observed a mechanism that cancer cells use to 

resist the effects of chemotherapy.  

Anti-microtubule chemotherapy usually splits 

these mechanical arms into multiple hubs that 

pull chromosomes in multiple directions 

instead of the normal two. The resulting chaos 

prevents the chromosomes from separating 

properly into two daughter cells, triggering 

apoptosis, or programmed cell death.  

The researchers discovered that cancer cells 

use a very clever method that allows them to 

continue dividing, thereby preventing the 

effects that chemotherapy is designed to 

induce. Cancer cells activate a signal when 

microtubules cause the arms to extend toward 

the edge of the cell and pull the cortex, bringing 

the pieces back together [38].  

This allows the arms to stabilize and generate 

the force necessary to grab and pull the 

chromosomes into each daughter cell and 

ensure the cancer cells multiply. Researchers 

suspected this mechanism after seeing a 

specific microtubule-targeting drug used to 

treat neuroblastoma (a childhood cancer). 

Because it enhanced the effects of 

chemotherapy, but at the time of their previous 

study, the imaging method was not advanced 

enough to confirm their suspicions [39].  

Here, we needed good imaging of cancer cells 

during cell division, to capture what is 

happening to chromosomes, microtubules, and 

cell architecture in real time, the researchers 

said. It was quite a surprise for us to discover 

this. Because we didn't expect this cancer cell 

mechanism to be used in this way to overcome 

cancer treatment, but we could see it before our 

eyes [40].  

High doses of chemotherapy are generally 

effective in preventing cancer cells from 

dividing. However, at lower doses, cells can use 

this innate survival mechanism. What 

researchers think is a fundamental component 

of cell biology. This is a reversible mechanism 

that has evolved to allow each cell to overcome 

a small amount of microtubule disruption and 

ensure that it can survive, and it happens to be 

used by cancer cells to evade anti-microtubule 

chemotherapy [41].  

Researchers are now focused on developing 

drugs that work in combination with current 

chemotherapy agents to stop this resistance 

mechanism. By attacking the power-generating 

machinery built by cancer cells, we expect to be 

able to allow cancer treatment to do its job 

much more effectively. In practical terms, they 

founded a company that would allow them to 

develop the drugs needed to attack this rescue 

mechanism and enable anti-microtubule 

chemotherapy to work more effectively [42]. 

 

A new method to investigate the resistance 

of cancer cells to drugs 

MIT researchers have invented a new method 

that can determine the reason why cancer cells 

are resistant to drugs. By examining the 

physical and genomic characteristics of cancer 

cells, researchers were able to invent a new 

method to investigate the survival of cancer 

cells during treatment. Perhaps the new 

method of MIT researchers, which combines 

measuring the mass and growth of cells with 

the analysis of cell gene expression, can 

provide new drug targets that lead to more 

effective cancer treatment. According to the 

researchers, these targets can destroy the 

defensive power of cancer cells in overcoming 

the treatment method [43]. 

In this research, a signaling pathway was 

identified that is active in glioblastoma (GBM) 

tumor cells. These cells are resistant to a drug 

called "MDM2 inhibitor". Alex Shalek, assistant 

professor of chemistry and member of MIT's 

Institute of Medical Engineering and Science 

(IMES), says: "We can measure cell mass and 

growth to classify it as reactive or non-

responsive to drugs." and relate it to important 

molecular pathways.  
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The aim of the researchers is to add a genomic 

composition in their investigation, to 

understand the reason for the sensitivity of 

some cells to the drug. 

Robert Kimmerling, one of the researchers of 

this project, says: Our goal was to be able to 

make these measurements and add some 

biological context to them, to understand the 

reason for the growth and behavior of a cell. We 

hope to be able to apply this technology to any 

sample that can be isolated from a single-celled 

organism [44]. 

 

Breaking the drug resistance of cancer cells 

with nanoparticles 

Drug resistance is a process in which cancer 

cells become resistant to different drugs, and 

cancer cannot be treated using these drugs. To 

solve this problem, researchers used 

nanoparticles to introduce chemotherapy 

drugs into cancer cells and target the pump that 

releases the drugs from the cells. This pump, 

which is a type of protein known as MDR, 

usually evacuates the chemotherapy drug from 

the cell [45].  

This technology is called sensitization to 

chemotherapy that targets the resistant agent 

of the cell. MDR is considered a very important 

factor in the failure of chemotherapy. Many 

cancers such as breast, uterus, lung and 

intestine can become resistant to 

chemotherapy. The researchers of the National 

Institute of Biomedical Imaging in 

collaboration with the National Institute of 

Health provided nanoparticles that can be used 

to break this drug resistance.  

Chen, one of the researchers of this project, 

says: The success of this project is due to the 

cooperation of a team of experts in different 

fields who designed nanoparticles that can 

survive on the way to the cancerous tumor. 

These nanoparticles enter the cell and make it 

sensitive to the chemotherapy drug [46].  

This group designed two different types of 

nanoparticles for this purpose. In fact, two 

different strategies have been used to sensitize 

cells. In the first step, they targeted breast 

cancer cells and presented multi-layered 

nanoparticles to deal with these cells. In the 

center of these nanoparticles is a 

chemotherapy drug which is covered with a 

protective layer [47]. These particles are 

designed in such a way that they can move in 

the blood stream and reach the tumor. A type of 

protein known as biotin has been used on the 

surface of these particles, which binds to cancer 

cells. 

 

Conclusion 

Many cancers become resistant to the 

therapeutic effects of chemotherapy drugs 

during treatment. Various mechanisms have 

been proposed in relation to drug resistance. 

One of the most important reasons for drug 

resistance is the high expression of ATP-

dependent membrane proteins from the large 

family of membrane transporters (ATP Binding 

Cassette ABC). From this family, the membrane 

transporter with a molecular weight of 

KDa170, named glycoprotein P, plays an 

important role in drug resistance. Other 

membrane proteins from the MRP (Multidrug 

Resistance Associated Protein) family are also 

involved in drug resistance. ABC proteins are 

also expressed in normal cells. The mentioned 

proteins are responsible for the transfer of 

endogenous substrates. The high expression of 

these proteins in cancer cells is the most 

important obstacle to cancer treatment. 

Anticancer drug resistance is a complex 

process that results from changes in drug 

targets. Advances in DNA microarray, 

proteomics technology, and the development 

of targeted therapies offer new strategies to 

overcome drug resistance. Although the design 

of new chemotherapy drugs is developing 

rapidly, the effective agent of chemotherapy 
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against advanced stages of cancer has not been 

discovered. The resistance of cancer cells to 

anticancer agents can be caused by many 

factors such as individual genetic differences, 

especially in tumor somatic cells. Also, cancer 

drug resistance is acquired. Drug resistance 

can occur by various mechanisms, including 

multidrug resistance, inhibition of cell death, 

changes in drug metabolism, epigenetic and 

drug targets, increased DNA repair, and gene 

amplification. For the first time, Singaporean 

researchers have invented nanoparticles that 

can destroy cancer cells by injecting them into 

the body. These nanoparticles do not contain 

any drugs. According to New Atlas information 

base, doctors have used various methods to kill 

cancer cells in the last decade. One of these 

methods is based on the secret transfer of 

drugs into the body using different coatings, 

but a group of Singaporean researchers have 

invented a new solution for this task, which is 

based on the transfer of drug-free 

nanoparticles into the body to destroy cancer 

cells. Although cancer cells use creative 

methods to overcome the body's immune 

system, they also have their own weaknesses. 

Cancer cells, like any other cells, need amino 

acids to grow, and one of these amino acids is 

called L-phenylalanine, which is obtained from 

meat and dairy products and absorbed by the 

body. Knowing this, researchers used L-

phenylalanine as a Trojan horse and hid cancer 

cell killer nanoparticles using this amino acid. 

The mentioned nanoparticles are 30 thousand 

times smaller than human hair and are called 

Nano-pPAAM. Experiments have shown that 

Nano-pPAAM is able to destroy 80% of cancer 

cells in breast, skin and stomach. The 

chemotherapy method also leads to the 

destruction of the same amount of cancer cells. 

The experiments conducted in this field on 

mice have been successful and it is expected to 

be repeated on humans in the future. After 

entering the cancer cells, the mentioned 

nanoparticles accelerate the production 

process of molecules called reactive oxygen 

species (ROS), which only destroy the cancer 

cells. Therefore, the important advantage of 

this method is not to damage healthy cells and 

not to create drug resistance in cancer cells. 
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