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Abstract:  

Despite the rapid evaluation of medical technologies, cancer disease is still a 

global burden with its physical, emotional, and financial effects on 

individuals and families. Nowadays, several studies have been done to 

mitigate these effects by improving diagnosis and treatment technologies. A 

paradigm shift in this domain is nanotechnology with its utilization for 
treating cancer and other diseases. This study illustrates these usages of the 

nano for treating several diseases as Parkinson's with nanoparticles loaded 

into macrophages, Alzheimer using solid lipid nanoparticles, respiratory 

illnesses, and cancer. Furthermore, this study explains the scientific definition 

of the cancer disease and the extent of its risk factors and mortality rate as 
well as the current treatments for tumors in general and cancer in specific. 

These treatments including nano therapy and immunotherapy are described 

in detail with the side effects, advantages, and disadvantages for each of them. 

Firstly, nano technology is a vital asset not only in the treatment part but 

importantly in the early diagnose of the cancer using different methods such 
as: NIR quantum dots, nanoshells and colloidal gold nanoparticles. In 

addition, nano technology is used in other medical fields as the successful 

diagnosing of Corona virus infection using gold nanoparticles. Secondly, 

another essential technology to fight the cancer disease is immunotherapy 

which stimulates the patient's immune system using strategies like checkpoint 
inhibitors, Monoclonal Antibodies, Vaccine's Treatment, and T-cell transfer 

therapy. Moreover, synergistic immunotherapy mechanisms such as 

photodynamic therapy and combined therapy of PD1 inhibitors and PLGA 

nanoparticles are explored with determining the types of cancer can be treated 

using these techniques. Finally, a recently developed technique to treat cancer 
is using NaCl nanoparticles which combines immunology and nanoscience. 

This study describes this technique with its effect mechanism on the cell and 

the experimental mice. Additionally, the used composition of the 

nanoparticles is shown and its selectivity on the cancerous cell without the 

natural cell. 

 



Introduction: 

Nanotechnology is being employed in the pharmaceutical field for many 

reasons, but perhaps the leading goals are to improve drug 

solubility/bioavailability 

and/or delivery to various sites of action. Nanotechnology is also being 

employed to develop new and improved therapeutic devices. Especially 

technologies that deal with immune diseases and cancers because 

immune diseases are chronic diseases that affect many people, as well 

as cancers are among the most common causes of death or loss of quality 

of life. 

Therefore, much research seeks to study these topics because of their 

prevalence and the large number of deaths due to them. The aim of our 

project is to identify modern nanotechnologies in several areas, the most 

important of which are diseases Immunology in general and cancers, 

linking immunotherapy with nanotherapeutic and its properties, and an 

explanation of the basics of these techniques with mentioning some 

examples of their clinical applications. 
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Chapter 1 

Nanotechnology 

 

1.1 Definition: 

Nanotechnology is the study of extremely small structures as it deals 

with materials in the size of 0.1 to 100 nm. Hence, in Greek “nano” 

means “dwarf” [1] [3]. The application of nanotechnology in medicines 

and pharmaceuticals and its advancement in it has revolutionized the 

twentieth century. Nanotechnology involve work by reducing the size 

of large structures to smallest structure. Nanotechnology works on 

matter at dimensions in the nanometer scale length (1-100 nm) by a 

special scale that is being designed to calculate the activity of the 

nanoparticles (nano scale) and hence can be used broadly in various 

fields and the creation of various types of nano materials and nano 

devices. Nanotechnology today has branched out in many different 

areas of sciences because of its significant benefits in terms of 

improving the performance in many fields [2] [5]. Various types of 

nano-sized structures have been developed to advance nanotechnology 

strategies including nanorods, nanowires, nanotubes, nanobelts, 

nanoribbons, nanofibers, nanoparticles, and quantum dots [figure 1]. As 

the specific application of nanotechnology in the health system, 

nanomedicine has emerged to provide new solutions for the medicine's 

unsolved complications. In this regard, nano-based materials are used in 

different medical settings including diagnosis and therapy of a variety 
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of diseases, as well as in tissue engineering and regenerative medicine 

strategies [4]. 

 

figure 1: Types of nanoparticles. [13] 

1.2 History of Nanotechnology: 

The ideas and concepts behind nanoscience and nanotechnology started 

with a talk entitled “There’s Plenty of Room at the Bottom” by physicist 

Richard Feynman at an American Physical Society meeting at the 

California Institute of Technology on December 29, 1959, long before 

the term nanotechnology was used. In his talk, Feynman described a 

process in which scientists would be able to manipulate and control 

individual atoms and molecules. Over a decade later, in his explorations 
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of ultraprecision machining, Professor Norio Taniguchi coined the term 

nanotechnology. It was not until 1981, with the development of the 

scanning tunneling microscope that could see individual atoms, that 

modern nanotechnology began [6]. But the Ancient Egyptians were also 

using NMs more than 4000 years ago based on a synthetic chemical 

process to synthesize ≈5 nm diameter PbS NPs for hair dye. Similarly, 

“Egyptian blue” was the first synthetic pigment which was prepared and 

used by Egyptians using a sintered mixture nanometer-sized glass and 

quartz around 3rd century BC [7]. 

1.3 Application of Nanotechnology in health and medicine: 

One of the most imperative questions that arise is why we are indulging 

ourselves in nanotechnology and medicine. The rationale is its size in 

nanometer range which makes it easy to enter cells of human body 

making it beneficial for special types of cell target therapy such as 

efficient delivery of drugs to the target cell and competent detection of 

diseases. Studies have come up with one more beneficial factor, that is, 

the nanoparticles can also protect drug from degradation because of the 

shield-like properties. The elemental proposition upon which 

nanomedicine is pursued is nanoparticles, which are introduced into the 

body as foreign bodies and are subjected to the full armory of the body’s 

defense system labeled with antibody molecules targeting specific cells. 

Diverse types and forms of nanoparticles are used in medicine [8]. 

Advances in nanomedicine have come a long way since the time it was 

envisioned to be studied. The objectives and goal to establish global 
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roadmaps in nanomedicine are guided by the need to take care of life-

threatening clinical issues [8]. Use of Nanotechnology in Health And 

Medicine even today various disease like diabetes, cancer, Parkinson’s 

disease, Alzheimer’s disease, cardiovascular diseases and multiple 

sclerosis as well as different kinds of serious inflammatory or infectious 

diseases (e.g. HIV) constitute a high number of serious and complex 

illnesses which are posing a major problem for the mankind. 

Nanomedicine is an application of nanotechnology which works in the 

field of health and medicine. Nanomedicine makes use of nano 

materials, and nano electronic biosensors. 

1.3.1 Parkinson: 

Parkinson’s disease (PD) is believed to be one of the commonly found 

adult-onset movement disorder occurring due to neurodegeneration and 

striatal dopamine deficiency. Among several factors, genetic and 

environment-related factors are thought to be the major ones 

accountable for PD [14]. Even though Parkinson's disease (PD) is the 

second most common neurological disorder (ND), it faces an absence of 

credible drug delivery, treatment, and diagnosis. Levodopa is the best 

drug of choice among the current conventional products designed as 

anti-Parkinson drugs, but its poor brain transfer and low bioavailability 

is a most challenging problem for levodopa. To address these 

drawbacks, drug delivery nanoparticles (NP) acted as an outstanding 

tool for optimizing the medicinal effectiveness of anti-Parkinson drugs. 

NPs enabled the drug to be administered via various routes to eliminate 
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the demand to pass blood–brain barrier (BBB). In Parkinson’s disease, 

the BBB is an important barrier that needs to be crossed for the delivery 

of therapeutics. This can be achieved passively through 

macrophages[figure 2] , in PD there is a chemokine-gradient that gets 

induced through neuroinflammatory responses which allow 

concentration of macrophages in the brain it is possible to use 

macrophages as drug carriers for the delivery of various therapeutic 

payloads the development of such nanoparticles loaded into 

macrophages can help in increased delivery of therapeutics to the brain 

reducing the need and the costs associated with active targeting of 

nanoparticles [9].A lot of experimental work is needed to know the 

potential of these technologies. The challenges associated with 

nanotechnology applications in PD are numerous. Those related to the 

complexity of PD have been repeatedly noted throughout this article. 

Nanotechnology allows an intervention at a molecular level and any 

desired cellular signaling pathway can be targeted. One may believe that 

this extraordinary specificity is enough but there is a need for even 

greater specificity. Furthermore, there is a requirement for technologies 

that can multitask, carry out a diverse set of specific cellular and 

physiological functions, such as targeting multiple receptors or ligands. 

This processing is disrupted in disease states, and it is important not to 

cause further disruptions by the application of an interacting 

nanodevice, since the resultant side effects could be severe. Long-term 

effects of nanotechnologies are unknown [15] [16].  
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Figure 2: Use of nanoparticles for passive targeting for drug 

delivery in PD. [9] 

 

1.3.2 Alzheimer: 

Alzheimer's Disease (AD) is a progressive neurodegenerative pathology 

characterized by the presence of neurotic plaques and neurofibrillary 

tangles. The most important markers in AD pathology include excessive 

accumulation of amyloid beta (Aβ42). One of the possible therapeutic 

strategies entails the elimination of such deposits by inhibiting Aβ 

aggregation. For years, one of the major problems in the treatment of 

AD has been the limited ability to deliver drugs to the brain for reasons 

related to poor solubility, low bioavailability, and the impact of the 

blood-brain barrier (BBB) [17]. Natural compounds are gaining an 

increased interest by the scientific community for the therapy of several 

diseases. In fact, more than 100 natural products have been proposed in 

the last decades as a promising approach for AD therapy. However, just 

few of them have been studied for nano delivery for the AD therapy to 

overcome their several limitations. To evaluate the therapeutic efficacy 
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and safety of these natural compounds, different clinical and preclinical 

studies have been performed in the last decades. A description of these 

studies’ results is here presented. Curcumin is a compound found in the 

root of Curcuma longa L. (Zingiberaceae) and recent in vivo studies 

proved that this compound inhibits the Aβ production. Moreover, it 

prevents the Aβ aggregation, destabilizes Aβ fibrils and it presents in 

vivo antioxidant and anti-inflammatory properties [18]. Although 

exhibiting promising preclinical results, this natural compound failed to 

slow the disease progression in a clinical trial with AD patient. 

solid lipid nanoparticles (SLNs): are nanocarriers composed of a solid 

hydrophobic lipid core which allows to encapsulate hydrophobic drugs. 

The incorporation of hydrophilic molecules can be achieved at the NP’s 

surface. This type of nanocarrier is produced using an oil/water 

emulsion with solid lipid at room temperature. SLNs usually present a 

mean size between 40 and 200 nm, allowing their transport across the 

BBB [figure 3]. Their synthesis is cheap highly reproducible and 

without requiring organic solvents. SLNs can be stable for about 3 years 

and the controlled drug release for several weeks is achievable A 

comparative study was performed by Ramalingam et al.to design a 

suitable drug delivery system for the oral administration of curcumin. 

Curcumin was encapsulated into SLNs, and the NP surface was 

modified with Calcium hydroxide and N-trimethyl Ch (TMC). SLNs 

presented a high negative value of zeta potential. The developed TMC-

SLNs exhibited mean sizes around 140 nm, and higher stability and oral 

bioavailability than the free curcumin, Ch-SNLs and unloaded-SLNs. 
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The in vivo distribution of curcumin in brain of old mice was also 

evaluated. The results proved that the nano system can cross the BBB 

after oral administration. Indeed, TMC-SLNs increased the 

concentration of curcumin found in mouse brain, thereby improving its 

bioavailability [18].  

 

Figure 3: Solid Lipid Nanoparticles as Drug Delivery System for 

Water-Insoluble Drugs [19]. 

 

1.4 Modern application of Nanotechnology 

Diagnosis of covid-19 Virus: 

 

The coronavirus disease 2019 (COVID-19) is an infectious disease 

caused by SARS-CoV-2 that mainly affects the respiratory system, as 

interstitial pneumonia, and acute respiratory distress syndrome the 

diagnosis is Nanotechnology through its numerous applications is an 
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efficient and cost-effective tool to be used to improve these tests for 

detection of SARS-CoV-2. A variety of nanomaterials, including 

metallic nanoparticles, polymeric nanoparticles, silica nanoparticles, 

carbon nanotubes, and quantum dots, are already used for virus 

detection. For the development of these systems for virus detection, the 

surface of the nanoparticle was modified with biomolecules derived 

from the virus, for example DNA, RNA, antibody, antigen 

(hemagglutinin antigen H1N1), peptide or Penta body (avian influenza 

virus–pVHH3B). The high surface and volume ratios of nanomaterials 

improve the interactions between the sensor and the analyte, increasing 

the detection limit and decreasing the detection time. In this context, 

nanotechnology-based probes have been widely used to produce 

biosensors, in which the use of nanomaterials improves the sensor’s 

response, either through gaining electrical, optical or catalytical 

properties, providing greater analytical sensitivity for diagnosis. For the 

projection of virus detection tests, gold nanoparticles have stood out due 

to their photonic, electrical, and catalytic properties. Specific thiolated 

probes, for example, functionalized with gold, can form disulphide 

bonds with complementary RNA from the target. It was this concept of 

a colorimetric assay used for detection of MERS-CoV. The gold 

nanoparticles were functionalized with probes modified with thiol on 

the surface, which hybridize with the target, preventing the aggregation 

of the nanoparticles by salts and consequently, the color change, and 

this platform can be easily adapted for the diagnosis of other infectious 

diseases, such as COVID-19. Other tests incorporating gold 
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nanoparticles combined with antibodies against SARS-CoV-2 IgG/IgM 

showed the potential for rapid symptomatic and asymptomatic 

screening for COVID-19 [11]. There have been some drawbacks such 

as fibrosis, inflammation, oxidative stress, genotoxicity, 

immunotoxicity, costly, time-consuming, restriction affairs and 

potential cell toxicity of these nanoparticles, which are not neglectable 

in rational design and engineering, remain hazy and this make it very 

difficult to achieve an effective clinical translation [88].  

 

1.4.2 Respiratory disease:  

Application of nanotechnology in drug delivery systems for respiratory  

diseases: 

The development of nanotechnology brings a new obvious perspective 

for improving the effects of treatment and diagnosis of respiratory 

diseases. Nanoparticles can be inhaled, diffused into the respiratory 

tract, and deposited in the alveoli, where they can approach and interact 

with the epithelial cells and pulmonary surfactant (PS). The 

characteristics of NPs, such size, shape, surface charge and wettability, 

serve a critical role in understanding the interaction between NPs and 

organisms. Appropriate properties can not only facilitate their direct 

delivery to targeted tissues and cells, but also limit their adverse side 

effects by decreasing drug concentrations in other tissues of the body. 

Delivery of therapeutic drugs to target sites may be important for 

efficient treatment of tuberculosis, lung cancer, cystic fibrosis, and other 

acute and chronic respiratory infections. As early as 1654, an inhalation 
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device was first designed by Bennet to produce opium vapor for cough 

treatment. The Food and Drug Administration (FDA) has already 

approved several materials as drug delivery systems, including 

liposomal, polymeric, dendrimers, inorganic, and protein materials. 

More complex materials comprised of micelles, proteins, and a variety 

of inorganic or metallic mate‑rials are currently in development for 

assessment in clinical trials. Liposomes, the application of liposomes as 

a drug delivery system has a significant impact on pharmacology. 

Liposomes are a class of lipid vesicles composed mainly of 

phospho‑lipids and cholesterol. The lipid bilayer of liposomes is like the 

composition of cell membranes in the body, which can not only reduce 

its toxicity, but can also enable liposomes to cross numerous biological 

barriers, thereby increasing absorption and ultimately enhancing the 

therapeutic effect of loaded drugs. Also, liposomes can be used as 

carriers. A previous study by Garbuzenko tested a variety of 

nanomaterials to select the best inhalation carrier for anticancer drugs 

and revealed that compared with non‑lipid‑based carriers, lipid‑based 

nanocarriers had advantages in terms of accumulation and retention time 

in the lungs. Based on these advantages, liposomes became the earliest 

nanocarriers approved by the FDA in 1995, including liposome 

formulations of doxorubicin (DOX; Doxil®) [figure 4]. In the past few 

decades, nanomedicine based on the liposome delivery system has 

generated the interest of scientists and clinicians in different fields of 

respiratory diseases. For example, in an orthotopic mouse model of 

human lung A549 non‑small cell lung cancer (NSCLC) cells, 
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Garbuzenko compared the effects of intravenous and intratracheal 

administration of liposome‑encapsulated DOX, antisense 

oligonucleotides and small interfering RNA (siRNA) on lung cancer, 

and demonstrated that compared with systemic administration by 

intravenous injection, intratracheal administration resulted in much 

higher peak concentrations and longer retention time of three drugs in 

the lungs, which indicated that local intratracheal administration was 

better than systemic administration of the same drug. Several types of 

antimicrobials for the treatment of airway infections can also be 

delivered by liposomes. A double‑blind, randomized, phase Ⅱ clinical 

trial conducted by Olivier applied inhaled liposomal amikacin in the 

treatment of nontuberculous mycobacterial lung disease; the results 

revealed that the drug promoted the negative conversion of sputum and 

induced lower toxicity compared with parenteral amikacin. Similarly, 

Zhang explored the efficacy of liposomal amikacin in nontuberculous 

mycobacteria both in vivo (rat model) and in vitro, and their results 

showed that this nanodrug could effectively enter bacterial biofilms, 

improve cellular uptake of amikacin in macrophages and inhibit the 

distribution of amikacin to other tissues. Additionally, through a 

randomized controlled clinical trial, Okusanya reported that liposomal 

amikacin improved lung function and reduced bacterial density in the 

lung of patients with chronic Pseudomonas infection. Also, it has been 

applied to inflammatory respiratory diseases. For example, Konduri 

investigated the effect of liposomal budesonide on the treatment of 

asthma using a mouse model; the results revealed that this drug delivery 



13 
 

system significantly improved lung inflammation and reduced the 

toxicity of inhaled steroid asthma drugs. Chen designed liposomes to 

encapsulate salbutamol sulfate (SBS) in aerosol form and demonstrated 

that the complexes exhibited longer anti‑asthmatic effects than free 

SBS. [12] 

 

 

Figure 4: Liposomes as a nanocarriers in doxil drug [12]. 
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Chapter2 

Cancer 

2.1 Definition: 

Random proliferation of cells at very unspeakable speed and 

Uncontrolled cell proliferation is the hallmark of cancer.  tumor cells 

have typically acquired damage to genes that directly regulate their cell 

cycles. (20) (21) 

The error or the mechanism for its occurrence, it is a problem in the 

normal cell cycle. During the G phase, cells respond to extracellular 

signals by either advancing toward another division or withdrawing 

from the cycle into a resting state (Go). Unlike transit through the S, G2, 

and M phases, G progression normally relies on stimulation by mitogens 

and can be blocked by antiproliferative cytokines. Cancerous cells 

abandon these controls and tend to remain in cycle. (22) Cancerous cells 

also fail to undergo programmed cell death, or apoptosis, under 

conditions when normal cells would (e.g., due to DNA damage) [ Figure 

5]. In addition, emerging research shows that cancerous cells may 

undergo metabolic changes that support increased cell growth and 

division. (23) 
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Figure 5:The difference between a normal cell and a cancerous cell 

(23) 

2.2 The risk factors: 

The most common risk factors for cancer include aging, tobacco, sun 

exposure, radiation exposure, chemicals, and other substances, some 

viruses and bacteria, certain hormones, family history of cancer, 

alcohol, poor diet, lack of physical activity, or being overweight. (24) 

2.3 Statistics about cancer:  

In 2013, cancer mortality rates were more than 8 million worldwide, 

and cancer moved from the third leading cause of death to the second 

after vascular disease. (25) 

Some types of cancer may differ from others seriously: 

According to the WHO, who in 2015 

Lung cancer caused about 1.69 million deaths, liver cancer is about 

788,000 deaths, colorectal cancer is about 774,000 deaths, stomach 

cancer 754,000 deaths and breast cancer 571,000 deaths. (26) 
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As for the number of deaths in 2018, for both sexes in different types 

of cancer, it was significant [Figure 6].  

 

Figure 6: 

A chart showing cancer mortality data in 2018 for both genders of all ages. 

(27) 

 Because cancer is a very common disease, when looked at cancer 

statistics around the world, found a high rate of deaths and injuries. For 

example, according to the Center for Cancer Statistics, in 2021 in the 

U.S., there will be an estimated1,898,160 new cancer cases and608,570 

cancer deaths. And every minute there are four people diagnosed with 

cancer and one case dies of cancer. (28) 
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2.4 cancer treatment: 

Treatment is the use of surgery, chemotherapy, radiotherapy, etc. to stop 

or reduce the development of cancer It is possible for the patient to 

receive one type of treatment or a group of treatments in that one and 

this depends on the type of cancer is it benign or malignant and the 

extent of its spread and also the age of the patient plays a major role. 

(29) 

2.4.1 surgery: 

surgery is a basic treatment for getting rid of cancer through surgical 

removal and is the most common treatment. But in some cases, cannot 

perform it due to the spread of the tumor or some types of cancer, such 

as leukemia or sometimes the age and condition of the patient not 

allowed to do so. Sometimes the tumor is removed on its own and 

sometimes the organ is removed with it. (30) (31) 

Surgery is used in cancer either for Diagnosis, Curative, Debulking, 

Reconstructive, or Prophylactic. 

1-Diagnosis: developments in diagnostic imaging reduces the need for 

Open biopsies and diagnostic surgery 

2-Curative for primary cancer and metastasis 

3-Debulking: followed by chemotherapy can increase survival rates, 

e.g., ovarian 

4-Reconstructive, e.g., breast reconstruction following a mastectomy. 

5-Prophylactic for conditions that may result in cancer such as 

mastectomy for women with a family history of breast cancer. 

 (30) (32) (33) 
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2.4.2 Chemotherapy: 

Chemotherapy is any pharmacological agent given with the intention of 

eradicating malignant cells, and can be given intravenously, orally and 

topically. 

It is the mainstay of treatment of lymphomas and leukemias. It is also 

used with curative intent as an adjunct to surgery or radiotherapy (RTX) 

in many tumor types. (34) (35) 

The tumors respond to chemotherapy:  

acute lymphoblastic leukemia, Wilms’ tumor, Germ cell tumors, 

Hodgkin’s disease, non-Hodgkin’s lymphoma and testicular tumors 

(30) 

the tumors do not generally respond to chemotherapy:  

Colorectal carcinoma, Gastric carcinoma and Pancreatic carcinoma. 

(30) 

the general side-effects of chemotherapeutic agents:  

1.Diarrhoea or constipation. 

2.Nausea and vomiting. 

3.Abdominal pain. 

4.Bone marrow depression. 

5.Rash. 

6.Alopecia. 

7.Mucositis. 

8.Infertility. 

 (36) (35) (30) 
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2.4.3 Radiotherapy: 

Radiotherapy is the use of ionizing radiation to treat disease. (37) 

Radiotherapy remains a mainstay in the treatment of cancer. 

Comparison 

of the contribution towards cure by the major cancer treatment 

modalities shows that of those cured, 49 % are cured by surgery, 40 % 

by radiotherapy and 11 % by chemotherapy. Many more patients may 

benefit from radiotherapy to enhance quality of life through palliation 

of symptoms of recurrent or metastatic disease. (38) 

the role of radiotherapy in the treatment of tumors: 

1- Primary treatment in   

sensitive tumors, inoperable tumors and patients not fit for surgery 

2-Adjuvant therapy: 

pre- or post-operatively and at site of potential metastasis. 

3-Palliation: 

For relief of symptoms from primary tumor or metastasis e.g., spinal 

cord compression, venous obstruction, pain from bony metastases. (39) 

 

 

 

Tumors that respond to radiotherapy and tumors that do not 

respond (30) 
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Tumors that respond tumors that do not respond 

Seminomas Melanomas 

Hodgkin’s and non-Hodgkin’s 

lymphomas 

Pancreatic cancers 

Gliomas  

Anal carcinoma  

Thyroid cancers  

Sarcomas  

 The Radiotherapy side effects 

-Oesophagitis. 

-Oligospermia. 

-Acute leukemia 

-Premature menopause.  

(40) 

2.4.4 Hormonal Therapy: 

Hormone therapy is an important treatment for some types of cancer, 

which hormones play a role in their growth and spread. Substantial 

evidence now exists that hormones play a key role in both the cause and 

the outcome of several cancers. Although this is most clearly seen in 

breast and prostate cancer, other cancers that may exhibit hormone 

dependence include endometrial, ovarian and testicular cancers. (41) 

Hormones are classified into two groups:  

Non-steroidal hormones include peptides, polypeptides or derivatives of 

amino acids, and they generally act via cell-membrane-localized 

receptors which trigger second messengers within the cytoplasm. 
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 Steroidal hormones, such as estrogens, androgens and progestins, bind 

to intracellular receptors to mediate their action Hormone therapy 

focuses on steroidal hormones. (42) 

Hormone therapy treats Prostate cancer, Breast cancer, Thyroid 

carcinoma and Endometrial carcinomas. (43) 

2.4.5Immunotherapy: 

Immune cancer treatment refers to a variety of treatment strategies 

designed to carry the patient's immune system itself to fight the tumor. 

Contemporary methods to generate an immune response against tumors 

Cell-based immunotherapy (where the patient's natural killer cells and 

poisoned lymphocytes are used) is used to kill cancer. (44) See chapter 

4 

2.4.6 Nanoparticles: 

The use of NPs for drug delivery requires release of drug at the tumor 

site or into malignant cells upon internalization. Thus, strategies to 

enhance drug release at the tumor site are an important component of 

NP design strategies for theragnostic applications. (45) See chapter 3. 
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Chapter 3  

nanotechnology and cancer 

3.1 Introduction: 

Detecting cancers at very early stages is associated with good patient 

prognosis as it allows immediate interventions, at early stages, to 

prevent cancer progression [46].it is important to ensure earlier 

detection and treatment of cancers to reduce disease spread and 

mortalities amongst the widely used strategies, today in cancer research 

is nanotechnology. Nanotechnology has led to several promising results 

with its applications in the diagnosis and treatment of cancer, including 

drug delivery, gene therapy, detection and diagnosis, drug carriage, 

biomarker mapping and targeted therapy[47].There are several 

examples of nanomaterials that have been used to enhance diagnosis of 

cancers; these include quantum dots (QDs), carbon-based nanomaterials 

[carbon nanotubes (CNTs), buckyballs, nano diamond], metal- or oxide-

based nanomaterials (gold, silver, aluminum, magnetic iron oxide, 

titanium dioxide, zinc oxide, and silica), liposomes, and polymer-based 

nanomaterials ( poly saccharides, polypeptides, polyelectrolytes, 

dendrimers, and polynucleotides ).These nanomaterials have desirable 

characteristics that enable their use for screening and imaging[46]. 

3.2 Cancer Diagnosis by Nanoparticles: 

Nanotechnology has been applied int he development of nanomaterials, 

such as gold nanoparticles and quantum dots and nano shells, which are 

used for cancer diagnosis at the molecular level. Molecular diagnostics 
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based on nanotechnology, such as the development of biomarkers, can 

accurately and quickly detect the cancers [figure 7]. 

 

Figure 7: Nanotechnology improves cancer detection and diagnosis 

[50] 

3.2.1 Near Infrared (NIR) Quantum Dots: 

The lack of ability to penetrate objects limits the use of visible spectral 

imaging. Quantum dots that emit fluorescence in the near-infrared 

spectrum (700-1000 nanometers) have been designed to overcome this 

problem, making them more suitable for imaging colorectal cancer, liver 

cancer, pancreatic cancer, and lymphoma. A second near-infrared (NIR) 

window (NIR-ii, 900-1700 nm) with higher tissue penetration depth, 

higher spatial and temporal resolution has also been developed to aid 

cancer imaging [figure 8]. Also, the development of a silver - rich 

Ag2Te quantum dots (QDs) containing a sulfur source has been reported 

to allow visualization of better spatial resolution images over a wide 

infrared range. Despite all the advantages, the applications of these 
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nanoparticles are limited for the use in human system. This is mainly 

due to the toxicity associated with heavy metals. [47]. 

 

 

 

Figure 8: Functionalized NIR quantum dots [49] 

 

 

 



25 
 

3.2.2 Nano shells: 

 

Nano shells are important for cancer and spectroscopic applications. 

The method of synthesis of nanoshells is quite simple and includes one-

step and two-step approaches [figure 9]. There are two types of nano 

shells: oxide nano shells (e.g., hollow silica nanoshells) and metal 

nanoshells (e.g., gold and silver nanoshells). because of their optical and 

chemical properties, these particles have been used for biomedical 

imaging and cancer treatment. [54]. Nano shells are dielectric cores 

between 10 and 300 nanometers in size. These nano shells work by 

converting plasma-mediated electrical energy into light energy and can 

be flexibly tuned optically through UV-infrared emission/absorption 

arrays. Nano shells are desirable because their imaging is devoid of the 

heavy metal toxicity even though their uses are limited by their large 

sizes [47]. 
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Figure 9: Synthesis of silica-gold nanoshells[47].  

 

3.2.3 Colloidal Gold Nanoparticles: 

Gold nanoparticle (AuNPs) is a good contrast agent because of its small 

size, good biocompatibility, and high atomic number. Research shows 

that AuNPs work by both active and passive ways to target cells. The 

principle of passive targeting is governed by a gathering of the gold 

nanoparticles to enhance imaging because of the permeability tension 

effect (EPR) in tumor tissues. Mixed AuNPs with liver cancerous cells 

and found that using X-ray imaging, the clusters of liver cancerous cells 

in the gold nanocomposite group were significantly stronger than those 

in the liver cancer cells alone. These findings have important 

implications for early diagnosis, with the technique allowing tumors as 

small as a few millimeters in diameter to be detected in the body [47]. 
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Further, detail toxicokinetic study needs to be done to understand fate 

and chronic toxicity of the gold nanoparticles [88]. 

 

Figure 10: Various types of gold nanoparticle accumulate in tumor 

tissues by passive targeting [90].  

3.3 Advantages and Disadvantages of Nanotechnology: 

 

Nanoscale devices are one hundred to ten thousand times smaller than 

human cells. They are similar in size to large biological molecules 

("biomolecules") such as enzymes and receptors. Example, hemoglobin, 

the molecule that carries oxygen in red blood cells, is approximately 5 

nanometers in diameter. Nanoscale devices smaller than 50 nanometers 

can easily enter most cells, while those smaller than 20 nanometers can 

move out of blood vessels as they circulate through the body. Because 

of their small size, nanoscale devices can readily interact with 
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biomolecules on both the surface and inside cells. By gaining access to 

so many areas of the body, they have the potential to detect disease and 

deliver treatment in ways unimagined before now. Biological processes, 

including ones necessary for life and those that lead to cancer, occur at 

the nanoscale. Nanotechnology provides researchers with the 

opportunity to study and manipulate macromolecules in real time and 

during the earliest stages of cancer progression. Nanotechnology can 

provide rapid and sensitive detection of cancer-related molecules, 

enabling scientists to detect molecular changes even when they occur 

only in a small percentage of cells. Nanotechnology also has the 

potential to generate entirely novel and highly effective therapeutic 

agents. Ultimately and uniquely, the use of nanoscale materials for 

cancer, comes down to its ability to be readily functionalized and easily 

tuned; its ability to deliver and / or act as the therapeutic, diagnostic, or 

both; and its ability to passively accumulate at the tumor site, to be 

actively targeted to cancerous cells. [52]. 

Nanoparticles: 

• easily cross cells barriers. 

• we can control in nanoparticles size and shape. 

• use nanoparticles in targeting. 

• increasing efficacy and reducing the toxicity of drugs. 

Nanotechnology could also be used to refine drug production, tailoring 

drugs at a molecular level to make them more effective and reduce side 

effects. In 2021, Nonwoven News reported that researchers at the 
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University of Rhode Island have developed a smart bandage that can 

detect and monitor an infection in wounds using single-walled carbon 

nanotubes. The nanotubes can identify infections by detecting 

concentrations of hydrogen peroxide. The bandage is monitored 

wirelessly with a miniature wearable device and transmitted to a 

smartphone to alert the patient or a health care provider when an 

infection is detected [55]. [figure 11] 

 

Figure 11: Model for the Advantages of Nanotechnology in Medical 

Field [51]. 

Disadvantages of Nanotechnology: 

Since these particles are very small, problems can arise from the 

inhalation of these minute particles, much like the problems a person 

gets from inhaling minute asbestos particles. Presently, nanotechnology 

is very expensive and developing it can cost you a lot of money. It is 
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also difficult to manufacture, which is probably why products made with 

nanotechnology are more expensive. [56] 

3.4 Cancer Treatment Using Nanoparticles: 

3.4.1 Nanoparticle-based strategies for relieving tumor hypoxia: 

Despite tremendous  efforts, cancer remains the major cause of death  

worldwide. It is well-established that tumor hypoxia, a condition 

characterized by the deprivation of oxygen in the tumor tissue, together 

with the  complexity and heterogeneity  of the tumor  are considered as 

the main obstacles for effective cancer treatment. Rapid tumor growth,  

induced by the abnormalities in structure and function of tumor 

vasculatures, consequently,  results in insufficient blood supply and  

oxygen deficiency in the tumor  area [57]. Normally, an insufficient 

oxygen supply results in cell death. However, in solid tumors, hypoxia 

promotes  proteomic and genetic changes that strengthen  the  ability of 

cancerous cells to  overcome this  hypoxic condition  and facilitate their 

proliferation, invasion, and  metastasis,  emerging evidence has  shown  

that  the severe hypoxic status  enhances the immune suppressive features 

of the tumor microenvironment (TME), thus  leading  to acquired  

resistance to immunotherapy. Therefore, regulating tumor hypoxia is 

crucial to  achieve  an effective cancer treatment. Nanoparticle-based 

strategies for enhancing oxygen levels within the tumor Since the level 

of oxygen is significantly lower in TME compared to healthy tissues, a 

suitable approach to regulate the hypoxic TME is to increase the intra-

tumoral oxygen concentration. There are three main nanoparticle-based 



31 
 

methods for elevating the oxygen levels within the tumor tissues via 

delivery of oxygen to the tumor, in situ oxygen generation at the tumor, 

and increase in tumor perfusion. To efficiently transport oxygen to the 

tumor, NPs have been generally fabricated with materials that have 

ahigh oxygen carrying capacity. Hemoglobin (Hb), natural oxygen 

transporter, has been extensively incorporated into artificial oxygen 

transporter nano systems to overcome the hypoxic conditions in TME. 

It has been demonstrated that oxygen bound to Hb can be released to the 

tissues in a concentration-dependent manner. Many studies in mouse 

models have shown impressive results. Hence, the development of 

nanosystems for overcoming the tumor hypoxia has attracted 

considerable attention [figure 12]. However, very few nanomedicines 

have been investigated in later phases of clinical trials. Till now, only 

two tumor-oxygen delivery PFC carriers (Fluosol-DA and NVX-108) 

have been studied clinically. The EPR effect has been implicated in 

promoting the enhanced accumulation of NPs throughout the leaky 

tumor vasculature.Nevertheless, the difference between preclinical and 

clinical scenarios, in which EPR effect varies widely, remains an issue. 

And the formulation of several such hypoxia-attenuating NPs is 

complicated and translation to mass production is difficult. Further, the 

fate of these NPs is difficult to determine under in vivo conditions [48]. 
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Figure 12: Nanoparticle-based strategies for relieving tumor 

hypoxia 

3.4.2 Ultrasmall gold nanoparticles in cancer therapy: 

Nanoparticles with ultrasmall sizes (less than 10 nm) offer many 

advantages in biomedical applications compared to their bigger 

counterparts, including better intratumorally distribution, improved 

pharmacokinetics, and efficient body clearance. The results indicated 

that ultrasmall GNs have more effective renal clearance, higher tumor 

tissue permeability, better cell uptake and more efficient entry into 
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nuclei [58]. Chemotherapy is the use of chemical drugs to treat cancer. 

Nonetheless, chemotherapeutic drugs are inevitably internalized by 

normal cells and consequently cause toxic side effects. Furthermore, 

cancerous cells can acquire drug resistance by over-expression of drug 

efflux pumps, increased drug metabolism, and alteration of drug targets. 

Therefore, a main challenge of chemotherapy is to increase the 

accumulation of therapeutic drugs in tumor cells, thereby enhancing the 

efficacy of the treatment and reducing toxic side effects. In this respect, 

it is important to develop efficient drug delivery systems.GN-based 

nanocarriers are attractive candidates for delivery of various payloads, 

as they have low toxicity and high loading capacity developed a unique 

strategy to deliver a platinum (IV) drug to prostate cancerous cells. They 

constructed glutathione-modified GNs (5.2 nm) carrying the drug and 

the targeting peptide CRGDK (Cys-Arg-Gly-Asp-Lys), and studied the 

anticancer effects of this delivery system on prostate cancerous cells 

[figure 13]. The targeting peptide ensured specific binding of the 

nanoparticles to the neuropilin-1 (Nrp-1) receptor on the surface of the 

cancerous cells, leading to enhanced cellular uptake. Thus, the platinum 

(IV) drug was specifically delivered to prostate cancerous cells, where 

it exerted its cytotoxic effects. At the same time, the functionalized GNs 

upregulated the expression of nuclear factor kappa-B (NF-κB) proteins 

and activated the DNA-binding ability of NF-κB to trigger platinum-

induced apoptosis [53]. Although the current results of research on 

ultrasmall GNs in biomedical applications are indeed encouraging, there 

are still issues that need more attention. First, based on the physical 
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properties of GNs, more research is needed on integration of diagnosis 

and treatment. Secondly, as a universal challenge in cancer treatment, 

the differences between patients complicate the optimization of GNs for 

cancer therapy, and more efforts are needed to address this obstacle. 

 

Figure 13: Ultrasmall GNs in cancer chemotherapy. [53] 
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Chapter 4 

Immunotherapy 

                        

4.1 Definition: 

A collection of organs, special cells, and substances that help protect 

you from infections and some other diseases is called immune system 

[59]. Immunotherapy is the stimulation of the immune system, or the 

natural immunity, to specifically target cancerous cells, The formation 

of a memory response against cancerous cells is then able to prevent a 

recurrence or relapse of the tumor [60]. It also called biological therapy 

or biotherapy often employs substances called biological response 

modifiers (BRMs). In the body, small amounts of BRMs are 

manufactured, but large numbers can be manufactured in the laboratory 

to treat many diseases such as cancer [61]. 

4.2 Mechanism of Action: 

• Release of tumor cell antigen: 

When cancerous cells die through apoptosis or necrosis, tumor antigens 

are captured by APCs, such as dendritic cells. 

• Presentation of tumor cell antigen: 

Cancerous cell antigens are displayed in the histocompatibility complex. 

• Priming and activation of t cell: 
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Dendritic cells bearing the cancer antigens move to the lymph nodes, 

where they prime immature T cells, activated tumor-specific cytotoxic 

T lymphocytes (TCLs). 

• Trafficking of T cells to tumor and infiltration of T cells into 

tumor: 

T cells activated tumor-specific cytotoxic T lymphocytes (TCLs) 

infiltrate the tumor site and recognize tumor cells by interacting with T-

cell receptors and MHC complexes. 

• Recognition and killing of tumor cells: 

T-response cells kill cancerous cells by causing programmed cell death, 

and the release of additional cancer antigens strengthens the immune 

response [62] [figure 14].  

Figure 14: Cancer immunity cycle [62]  
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4.3 Types of Immune Therapy: 

4.3.1 Checkpoint inhibitors: 

Cancerous cells use checkpoint to protect itself from the attack of the 

immune system, so drugs are designed that suppress immune checkpoint 

and they are called checkpoint inhibitors. These drugs are used for 

people whose cancer starts growing again after chemotherapy [63].  

• Type of checkpoint inhibitors: 

 

1- 1.checkpoint inhibitors drugs that target PD-1 or PD-L1: 

PD1 is a checkpoint protein on T cells, it helps to protect body 

cells from being attacked by T cells. Cancerous cells have a large 

amount of PDL1, which helps them hide from immune attack. 

When PD1 and PD-L1 binds it tells T cells to leave the other cell 

alone. So, the drugs that target PDL1 and PD1 can block this 

binding and boost the immune response against cancerous cells 

[64] [figure 15]. 

 

Examples of drugs target PD1:  

-Pembrolizumab (Keytruda) 

-Nivolumab (Opdivo) 

-Cemiplimab (Libtayo) 

These drugs are given by IV [65]. 
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Figure 15: Checkpoint inhibitors block the interactions between 

cancerous cells and immune T cells that tell the immune cells to 

stand down [84]. 

 

2 . Checkpoint inhibitor drugs that target CTLA-4: 
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      CTLA-4 is another protein on some T cells.  

This drug can attach to CTLA-4 and stop it from working [64]. 

Example of drug that target CTLA-4: 

           -Ipilimumab (Yervoy) [66]. 

Some side effects of checkpoint inhibitors: 

• decreased appetite 

• fever 

• chills 

• arthralgia and headache  

• fatigue is the most frequent with all checkpoint inhibitors [67]. 

4.3.2 Monoclonal Antibodies (MAbs): 

mAbs are proteins immune system that synthesized in the lab.These 

proteins recognize specific targets and help the immune system 

recognize bacteria and viruses that causes disease .mAbs are a type of 

targeted cancer therapy, which means they are designed to interact with 

specific target.mAbs mark cancerous cells, then the immune system will 

recognize and destroy them [figure 16]. 
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Figure 16: Some monoclonal antibodies mark cancerous cells so 

that the immune system will better recognize and destroy them [68]. 

MAbs have two types of mechanisms: 

1. . Binds to protein CD20 on B cells and some types of cancerous 

cells, which leads to kill them by immune system. The drug that 

represents this mechanism is rituximab  

 

2. . Brings T cells close to cancerous cells by bind CD19 (protein 

found on the surface of leukemia cells) and CD3 (protein found 

on the surface of T cells). This process helps the T cells get close 

enough to the leukemia cells and kill them. The drug represents 

this mechanism is blinatumomab [68]. 

Some side effects that caused by MAbs : 
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• Chills 

• Fatigue 

• Fever 

• Muscle aches and pains 

• Nausea 

• Vomiting 

• Diarrhea  

• High blood pressure  

• Heart attack (69) 

4.3.3 Vaccine’s Treatment: 

The third type of immunotherapy is the vaccine, it works to the help 

immune system recognize and attack cancerous cells. This treatment is 

used for people who already have cancer. Vaccine made from weakened 

or harmless versions of the disease. When we get the vaccine, the 

immune system makes antibodies that can recognize and attack the 

harmless versions of disease.  Once the body has made these antibodies 

it can recognize the disease if you come into contact with it again. In the 

same way that vaccines work against diseases, the vaccines are made, 

these vaccines are made to recognize protein that are on particular 

cancer, which leads to help the immune system recognize and mount an 

attack against those particular cancerous cells [70]. This vaccine can 

Prevents cancer from coming back, it destroys the cancerous cells that 

remain in the body after treatment ends and it stops tumor growth and 

spread [71]. 



42 
 

Types of vaccine cancer: 

Antigen vaccines: Vaccines are made from special proteins (antigens) 

in cancerous cells. They aim to stimulate your immune system to attack 

the cancer. Whole cell vaccines use the whole cancerous cell, not just a 

specific cell protein (antigen), to make the vaccine. Dendritic cell 

vaccines: can help the immune system recognize and attack abnormal 

cells, such as cancerous cells by dendritic cell.  DNA vaccines: this are 

made with bits of DNA from cancerous cells. They can be injected into 

the body to make the cells of the immune system better at responding to 

and destroying cancerous cells. Anti-idiotype vaccines stimulates the 

body to make antibodies against cancerous cells [70] [86]. 

4.3.4 T-cell Transfer Therapy: 

T-cell transfer therapy is a type of immunotherapy that makes your own 

immune cells better able to attack cancer.  

There are two types of T. Cell transfer therapy, both collected and 

increased in the lab: 

1. . TIL therapy:  

The lymphocytes that are in or near the tumor have already shown the 

ability to recognize tumor cells. But its numbers are very few, these 

numbers will not be able to overcome the tumor suppressing immune 

system signals. Uses T. Cell Called tumor infiltrating lymphocytes that 

are found in tumors, and doctors test in the lab which lymphocytes 

identifies the tumor best. Then, these selected lymphocytes are treated 
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with substances that make them grow to large numbers quickly.  

 

2. CAR T-cell therapy: this treatment is done as follow: 

A- remove blood from patient and get T. Cell.  

B- doctors make CAR T-cell in the lab. CAR is designed to allow 

T-cells to attach to specific proteins on the surface of the 

cancerous cells.  

C- grow millions of CAR T-cell.  

D- infuse CAR T-cell into patient.   

E- CAR T-cell bind to cancerous cells and kill them [72] [figure 

17]. 
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Figure17: CAR T-cell therapy [72]. 

 

4.4 Immune Cancer Treatment Using Nanoparticles: 

Nanoparticles target immune cells and immune systems mainly to 

stimulate an effective immune response against tumors. The physical 

and chemical properties of the nanoparticles affect their interaction with 

the immune system and immune cells, Such as size, shape, elasticity, 

and surface properties [73]. To combine the function of immune 

particles with that of the immune system, scientists have developed 
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nanoparticles called immune switching, which are used to stop the 

growth of cancerous cells and direct T cells to act against them [74]. 

One of applications of nanoparticles in cancer immunotherapy is 

photodynamic, it is a therapeutic technique that reduces or destroys 

tumors in three ways: 

- direct killing effect on tumor cells leads to its necrosis 

-.ROS causes apoptosis by inducing the changes of oxygen free radicals 

and irreversible damage to cells and microvessels.  

- stimulate a series of immune responses to tumor cells and 

inflammatory cells [75]. 

The lesion is exposed to a photosensitizing agent and is activated at a 

particular wavelength with molecular oxygen, this causes necrosis and 

apoptosis of the tumor tissue, and consequently the blood vessels are 

disrupted. Scientists have developed this technique by adding 

nanoparticles, they demonstrated that these nanoparticles encapsulating 

the photosensitizer pyrolipid and combined with an anti-PD-L1 

antibody, by experimenting with loading nanoparticles onto a drug 

called oxaliplatin, which is an anti-cancer drug coated with a 

photosensitizer. This led to the stimulation of programmed cancerous 

cell death and the stimulation of an immune response by combining 

nanoparticles with the anti-pdl1 antibody and increasing the infiltration 

of T cells into the tumor. Results showed that anti-PD-L1 treatment 

alone failed to inhibit tumor growth and PDT alone caused a 75% 
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reduction in tumor growth, this means that combined treatment between 

PDT and Nanoparticles completely eliminated that tumor and prevented 

its progression [76]. 

PDT has fewer side effects and systemic toxicity than chemotherapy and 

radiation therapy [77].  

Another application of Immunotherapy by nanoparticle: 

Combination of PD1 blockade and photothermal therapy (PTT) by 

poly(lactic-co-glycolic acid) nanoparticles. Gold Nano shells and PLGA 

nanoparticles loaded with anti PD-1 peptide are injected into the tumor 

and it is exposed to light rays of special wavelengths. This is called 

photothermal therapy. This leads to blockage of the PD1/PDL1 

pathway, thus Activating T.cells and generating a systemic immune 

response.[78] 

4.5 Types of Cancer That Immune Therapy Treat: 

• Bladder cancer 

• Brain cancer  

• Breast cancer  

• Cervical cancer  

• Childhood cancer  

• Colorectal cancer  

• Esophageal cancer  

• Head and neck cancer  

• Kidney cancer  
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• Leukemia 

• Liver cancer  

• Lung cancer  

• Lymphoma  

• Melanoma  

• Multiple melanoma  

• Ovarian cancer  

• Pancreatic cancer  

• Skin cancer  

• Prostate cancer  

• Stomach cancer  

• Uterine cancer  

• Sarcoma [79] [85]  

4.6 Advantages of Immunotherapy: 

1. It treats most types of cancer.  

2. Provides long-term cancer recovery.  

3. It causes fewer side effects compared to other treatments [80].  

4. 4-Immunotherapy may work when other treatments do not, it can 

help other cancer treatments work better [81]. 

5. 5-make a person’s immune system better able to recognize and 

fight cancer [82]. 

4.7 Disadvantages of Immunotherapy: 

1- Immunotherapy can also attack healthy cells, causing side effects 



48 
 

2- Some immune therapies can cause your immune system to attack 

the intestines, kidneys, and heart, and thus cause organ damage 

3- Immunotherapy takes longer to work than other treatments [83]. 
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Chapter 5 

NaCl Nanoparticles 

5.1   introduction: 

The use of salt nanoparticles is one of the most recent methods studied 

at the present time as a cancer treatment that combines nanoscience and 

immunotherapy science. 

In vivo studies show that SCNPs (Sodium chloride nanoparticles) not 

only kill cancerous cells but also boost an anticancer immunity. This 

discovery opens a new perspective for treatments based on 

nanoparticles. 

5.2   Mechanism of Action: 

The underlying assumption is that electrolyte nanoparticles would 

quickly dissolve in water and behave similarly as their constituent salts. 

Where a study showed that NaCl nanoparticles (SCNPs) but not salts 

are highly toxic to cancerous cells. This is because SCNPs enter cells 

through endocytosis, bypassing cell regulations on ion transport When 

dissolved inside cancerous cells, SCNPs cause a surge of osmolarity and 

rapid cell lysis. NaCl nanoparticles are exploited as a novel type of 

cancer therapeutics. NaCl nanoparticles are taken up by cancerous cells 

through endocytosis and release large amounts of ions inside them. This 

causes a drastic increase of osmolarity, leading to cell apoptosis and 

necrosis. [Figure 17] This process is highly immunogenic, stimulating 

an anti-cancer immunity that improves local and systemic tumor 

control.  
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Figure 18 Mechanism of Action SCNPs (Sodium chloride 

nanoparticles) (87) 

 

Asymmetric ionic gradients are critical to cell functions, driving 

essential cellular processes including the transport of amino acids, 

maintenance of cellular pH, and control of cell volume. 

Lowering the extracellular concentrations of sodium and chloride, for 

instance by immersing cells in a hypotonic solution, causes cytoskeleton 

destruction, cell cycle arrest, and cell lysis. 

Elevating intracellular osmolarity may induce similar effects, but it is 

difficult to achieve because ion transport is tightly regulated by live 

cells. 

this study hypothesize that sodium chloride nanoparticles (SCNPs) can 

be exploited as a Trojan-horse strategy to deliver ions into cells and 

disrupt the ion homeostasis. 

Each SCNP contains with it millions of sodium and chlorine atoms, but 

they are not checked at the ion pumps/channels for cell entry. Instead, 
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SCNPs would enter cells through endocytosis, passing through the 

otherwise impervious plasma membrane. 

Due to high water solubility, SCNPs would be dissolved inside cells and 

release Na+ and Cl−. Because of the opposing osmotic gradients across 

the plasma membrane, these ions would be trapped inside cells, leading 

to Increased osmolality. study assumes that this change in osmolality 

will significantly affect cell function. 

5.3   Composition of the nanoparticle used: 

To test the hypothesis, they synthesized SCNPs through a 

microemulsion reaction. 

The reaction took place in a hexane/ethanol mixed solvent, with sodium 

oleate and molybdenum chloride as sodium and chloride precursors, and 

oleylamine as a surfactant. A typical reaction yields ~77 ± 10.6 nm 

SCNPs as determined by Transmission Electron Microscopy (TEM). 

[Figure 18] 

 

Figure 19: SCNPs as determined by Transmission Electron 

Microscopy (TEM).)87) 
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Energy dispersive spectroscopy (EDS) confirmed that sodium and 

chloride molar ratio was ~1:1with negligible impurities including 

molybdenum [Figure 19] 

. 

 

 

Figure 20: Energy Dispersive Spectroscopy (EDS) for SCNPs. (87) 

The as-synthesized SCNPs are hydrophobic because of the oleylamine 

coating. To transfer nanoparticles into aqueous solutions, they imparted 

a layer of PEGylated phospholipid, DSPE-PEG2000 amine, onto the 

nanoparticle surface. 

The resulting, phospholipid coated SCNPs can be well dispersed in 

aqueous solutions. 

5.4 Effect of PSCNPs (phospholipids Sodium chloride nanoparticles) on the 

cell: 

This increase of intracellular osmolarity would extensively affect cell 

functions. One of the most susceptible organelles is mitochondrion, 

whose membrane potential (ΔΨm) is sensitive to cytosol osmolarity 

changes. 
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JC-1 staining found that ΔΨm was largely depolarized when cells were 

incubated with 160.0 μg/mL PSCNPs for 6 h. [Figure 20] 

 

 

Figure 21: Effective Dosage Determination Using JC-1 staining. 

(87) 

Mitochondrial membrane potential changes (ΔΨm), assessed by JC-1 

staining at 6 h.  JC-1 red/green (aggregate/monomer) fluorescence 

intensity ratio was significantly decreased when PC-3 cells were 

incubated with 160.0 μg/mL PSCNPs. The statistic was based on the 

analysis on 5000 individual cells (* p< 0.05) 

The reduced ATP and reactive oxygen species (ROS) production at the 

Complex I and III of the mitochondrial respiratory chain. Relative to 

control cells, the intracellular ATP level was decreased by 36.0%, and 

the ROS level was increased by 22.3% at 6 h. 

also confirming elevated oxidative stress. This was further corroborated 

by the observation of increased lipid peroxidation and DNA damage. 
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In PSCNPs treated cells. Meanwhile, the dissipated mitochondrial 

membrane led to the release of cytochrome c. All these impacts 

converged on the induction of cell apoptosis. 

On the other hand, microscopic imaging found extensive cell swelling 

and giant bleb formation only a few hours after incubation with 

PSCNPs. These are signs of necrosis rather than apoptosis. 

Eventually, the inflow led to cell rupture and complete osmotic lysis, 

which was recorded by live cell imaging, between 2–6 h. The cell 

membrane breach was also confirmed by Annexin V/EthD-III double 

staining and LDH assays. 

5.5 Selective PSCNPs on cancerous cells: 

Mammalian cells sustain low ratios of intracellular to extracellular 

sodium and chloride, and high ratios of potassium. 

Interestingly, normal cells are much more resistant to the treatment due 

to their relatively low sodium levels. The cytotoxicity of PSCNPs with 

other cell lines. found that the viability of normal cells such as HPrECs 

(human primary prostate epithelial cell line) and C18–4 (mouse 

spermatogonial stem cell) was minimally affected by PSCNPs in the 

tested concentration range (13.2 to 320 μg/mL). As a comparison, all 

cancerous cells were effectively killed by PSCNPs, with IC50 values 

ranging from 50 to 160 μg/mL.  .This selective toxicity is intriguing. One 

reason is that fast proliferating cells tend to take up more nanoparticles. 

were also relatively resistant to PSCNPs. Another plausible factor is that 

cancerous cells possess high intracellular sodium concentrations 

([Na+]int), making them inherently more susceptible to PSCNPs-



55 
 

induced osmotic shock. The [Na+]int/[K+]int ratio in cancerous cells 

could be 5 times higher than normal cells. Indeed, [Na+]int analysis 

showed that all tested cancerous cells have a higher [Na+]int than 

macrophages and primary cells. The difference between cancerous cells 

and primary cells with regard to cytotoxicity and its correlation with 

cells’ [Na+] int.Among cancerous cells, there is a moderate correlation 

between [Na+]int and IC50, with a Pearson correlation coefficient R2 

of 0.31. These results support [Na+]int as an important factor for relative 

sensitivity of cancerous cells to PSCNPs. It is believed that cancerous 

cells adopt a high [Na+]int as an anti-apoptotic measure (apoptosis is 

characteristic of cell shrinkage), which makes them intrinsically 

susceptible to PSCNP induced cell necrosis. 

 

Figure 22: The correlation between intracellular sodium content 

[Na+]int and IC50. (87) 

The correlation between intracellular sodium content [Na+]int and 

IC50. [Na+]int of each cell line was determined using a Na+ electrode. 
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K-means clustering algorithm was used to evaluate the correlation 

between [Na+]int and IC50 

5.6   Effect of PSCNP on mice: 

further tested PSCNPs as a potential cancer therapeutic in vivo. started 

with a subcutaneous tumor model established with PC3 cells on male 

nude mice (n = 5). When the tumor size reached 100 mm3. For control. 

injected NaCl saline (9 mg / mL) at the same NaCl dose. Relative to the 

control, PSCNP treatment suppressed tumor growth by 66% on Day 16. 

suggesting cell death through both apoptosis and proptosis. Meanwhile, 

there was no body weight drop throughout the study and no sign of 

toxicity to major organs. Similar treatment outcomes were observed 

with other subcutaneous tumor models, including U87MG (human 

glioblastoma), UPPL-1541 (mouse bladder cancer), B16F10 (mouse 

melanoma), and SCC VII (mouse head and neck squamous carcinoma). 

One interesting observation is that 20% of the mice became tumor free 

after PSCNP treatment and survived for more than 8 months. These 

results indicate that in immunocompetent mice, PSCNPs may not only 

kill cancerous cells, but also stimulate an anticancer immunity. This is 

not surprising because necrosis is a highly immunogenic process. 
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Discussion: 

 

The nanoparticles are very tiny particles measuring approximately 0.1-

100nm. They have many features which give it them the importance in 

many fields especially treating and diagnosing autoimmune diseases 

and cancers. Their unique properties serve both treatment and diagnosis 

as it can pass the blood brain barrier and deliver drugs not usually 

accessible to the brain (i.e. Parkinson treatment with nanoparticles 

uploaded with levodopa).Their uses also improves the bioavailability of 

drugs by changing the drug pharmacokinetics (i.e. Alzheimer disease by 

making a stable oral form of the drug that can cross the BBB).Gold 

nanoparticles show an important property in diagnosis by using its 

electrical properties to diagnose covid 19 disease even when the affected 

patient does not develop any symptoms and it also helps with early 

detection of tumors by passive targeting. Some of the promising uses of 

nanotechnology is in treating and diagnosing cancer, it shows its 

importance comparing with other treatments such as surgery, 

radiotherapy, and chemotherapy...etc. Many examples have been 

mentioned such as using nano technology to change the penetration of 

infrared with diagnosing cancer. To achieve the greatest benefit from 

nanotechnology, it has been combined with immunotherapy Where 

studies showed that immunotherapy alone failed to permanently inhibit 

tumor growth, but when developing photodynamic and thermal therapy 

as an immuno-dependent treatment with nanoparticles support, tumor 

growth was gradually reduced until it was 100% eradicated and 
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prevented from growing and developing again. One of the technologies 

referred to is the salt nanoparticle technology, a technology that 

combines immunotherapy and nano therapy. The salt nanoparticles that 

affect the osmolarity inside the cancerous cell and kill it. This 

mechanism may be applied to other electrolyte-based nanoparticles, 

such as KCl and CaCl2. This ICD property adds to the potential of 

PSCNPs (phospholipids Sodium chloride nanoparticles) as a novel 

cancer therapeutic. It also found greater efficacy in treating salt 

nanoparticles with an immune checkpoint inhibitor such as anti-CTLA-

4 or anti-PD-1/PD-L1 antibodies. This combination of immunology and 

nanoscience gives more strength in treatment. PSCNPs are unique 

because they are made of a benign material and their toxicity is entirely 

hinged on the nanoparticle form. Considering a relatively short half-live 

in aqueous solutions, PSCNPs in the current form are best suited for 

local ablation rather than systemic therapy. The treatment will cause 

immediate and immunogenic cancerous cell death. After the treatment, 

the nanoparticles are reduced to salts, which are merged with body’s 

fluid system and cause no systematic or accumulative toxicity. Indeed, 

observed no sign of systematic toxicity with injected PSCNPs at high 

doses. They expect this technology to find wide applications in 

treatment of cancer types such as bladder, prostate, head and neck, and 

liver cancer. 
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Conclusion: 

As shown in this study, many research have conducted to investigate 

nano technology and introduced its significant role in treating and 

diagnosing several diseases. Nano technology has a remarkable 

fingerprint in the medical field, and it is becoming famous due to its 

superiority over other technologies. Hence, the efficiency of 

nanotechnology in the treatment and diagnosis of diseases is proven due 

to: 

• The ability to control the particles size and shape  

• Its selectivity towards target cells 

• It can be combined with other techniques like immunotherapy   

• It does not cause toxicity just like NaCl particles which use the 

osmolality to get inside   

In conclusion, Nano technology achieves considerable improvements in 

treating cancer and immune diseases by itself as well as when built up 

with other technologies. 
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 ملخص:

 

التق الرغم من  بآثاره    دم على  السرطان عبئًا عالميًا  يزال مرض  ، ال  الطبية  للتقنيات  السريع 

الدراسات  ةالجسدية والمالية على األفراد واألسر العديد من  الوقت الحاضر ، تم إجراء  . في 

نوعية في كان هناك نقلة للتخفيف من هذه اآلثار من خالل تحسين تقنيات التشخيص والعالج. 

تم  استخدامها لعالج السرطان واألمراض األخرى.    التي تمهي تكنولوجيا النانو  وهذا المجال  

مراض مثل مرض باركنسون مع الجسيمات النانوية  لعالج العديد من األ   تقنيات النانواستخدام 

ال في  الكبيرةالمحملة  ال  بالعات  النانوية  الجسيمات  باستخدام  والزهايمر  وأمراض  بيهذ،   ، ة 

التعريف العلمي لمرض السرطان  تم توضيح الجهاز التنفسي ، والسرطان. عالوة على ذلك ،  

الية لألورام بشكل عام والسرطان ومدى عوامل الخطر ومعدل الوفيات وكذلك العالجات الح 

بشكل خاص. يتم وصف هذه العالجات بما في ذلك العالج بالنانو والعالج المناعي بالتفصيل  

ليس    مهمةالتقنيات  مع اآلثار الجانبية والمزايا والعيوب لكل منها. أواًل ، تعد تقنية النانو من ال

كر للسرطان باستخدام طرق مختلفة  فقط في العالج ولكن أيًضا بشكل مهم في التشخيص المب

قد  ، وقذائف النانو وجسيمات الذهب الغروية. باإلضافة إلى ذلك ،  NIR مثل: النقاط الكمومية

باستخدام  تفيد   كورونا  فيروس  لعدوى  كتشخيص  األخرى  الطبية  المجاالت  في  النانو  تقنية 

بة مرض السرطان وهي العالج  جزيئات الذهب النانوية. ثانيًا ، هناك تقنية أساسية أخرى لمحار

التفتيش   نقاط  مثبطات  مثل  طبقات  باستخدام  للمريض  المناعي  الجهاز  يحفز  الذي  المناعي 

واألجسام المضادة وحيدة النسيلة وعالج اللقاح وعالج نقل الخاليا التائية. عالوة على ذلك ،  

 ج المشترك لمثبطاتيتم استكشاف آليات العالج المناعي التآزري مثل العالج الضوئي والعال

PD1 والجسيمات النانوية PLGA   مع تحديد أنواع السرطان التي يمكن عالجها باستخدام هذه

كلوريد   جزيئات  تستخدم  السرطان  لعالج  مؤخًرا  تطويرها  تم  تقنية  هناك   ، أخيًرا  التقنيات. 

هذه التقنية بآلية  الصوديوم النانوية التي تجمع بين علم المناعة وعلم النانو. تصف هذه الدراسة 

المستخدم   التركيب  عرض  يتم   ، ذلك  إلى  باإلضافة  التجارب.  وفئران  الخلية  على  تأثيرها 

  .للجسيمات النانوية وانتقائيتها على الخلية السرطانية بدون الخلية الطبيعية
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