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Abstract. An important characteristic of cancer is aberrant metabolism. Drug resistance, cancer stem 

cells, metastasis and tumorigenesis are all significantly impacted by abnormal cancer metabolism, which 

includes enhanced anabolic pathways and aerobic glycolysis. The Hippo pathway, Myc and PI3K/AKT 

are recognized oncogenic signaling networks that control the expression of metabolic genes and increase 

the level of activity of metabolic enzymes. On the other hand, abnormal metabolic pathways result in 

disruptions to the internal signal transduction pathways of cells, providing energy, building blocks and 

redox capabilities necessary for uncontrolled cancer cell proliferation. Studies and clinical trials are being 

carried out to investigate the impact of minute substances or dietary modifications, such as calorie 

restriction, fasting and intermittent fasting, on the inhibition of metabolic enzymes. The metabolic 

phenotypes of malignancies are remarkably diverse, much like genetic variability. Genetic abnormalities 

and a variety of signals found in the tumor microenvironment contribute to this variability. Therefore, one 

of the main objectives of contemporary cancer therapies is to overcome metabolic plasticity. This 

overview explains the relationships between biochemical and pathways of signaling and emphasizes 

recent research on the metabolic properties of cancer. We also present fresh justifications for the 

upcoming class of medications that target cancer metabolism. This is an overview of our latest studies on 

the progress of nanomedicine and disease detection at the tiny level of nano-bio interactions between 

biological systems and nanoparticles. Significant progress in the field of nanomedicine has been 

accomplished in the last 20 years. However, the absence of a thorough knowledge of nano-bio 

interactions in the clinical situation makes it difficult to significantly improve overall patient survival with 

nanomedicine. 
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1.  Introduction  

 

Tumors must have unchecked, unending growth as a fundamental feature. As a 

result, current research emphasizes how cancer cells vary from normal cells in their 

metabolic processes. Otto Warburg discovered in the 1920s that cancer cells, in contrast 

to normal cells, had defective respiration pathways, particularly in the mitochondria. 

Consequently, oxidative phosphorylation can not be used by cancer cells (OXPHOS).  

Rather, they use glycolysis to produce ATP (Warburg et al., 1927). They rely heavily 

on glycolysis even in conditions with plenty of oxygen (i.e., aerobic glycolysis). Recent 

research, however, contends that cancer cells' mitochondria are still functional and 
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capable of generating energy via OXPHOS (Moreno-Sánchez et al., 2007; Welberg et 

al., 2014). OXPHOS can provide adequate building blocks for growth, however some 

tumor forms have evolved to hypoxic tumor surroundings and still depend on aerobic 

glycolysis (Hay, 2016). Tumors are the result of oncogene and tumor suppressor gene 

mutations. The expression of metabolic enzymes and their functionality are directly 

regulated by these genetic alterations. For instance, in cancer cells, TP53 controls lipid 

metabolism while c-MYC stimulates glutamine absorption (Wise et al., 2013; Sanchez-

Macedo et al., 2007). Cancer cells' aberrant metabolism is more than just a result of a 

genetic mutation. Additionally, it has a direct impact on cellular responses and tumor 

signal transduction pathways. The notion underlies the targeting of cancer-specific 

metabolic abnormalities by next-generation anticancer treatments, which have been the 

subject of several studies and clinical trials. We go over the abnormal metabolic 

phenotypes of malignancies and how they contribute to the growth of tumors in this 

overview.  

Our goal is to identify possible therapeutic targets for novel nanobiomaterial-

based anticancer medicines by examining the interplay between metabolism and 

signaling networks. In this overview, we highlight the most recent developments in 

cancer therapies and go over the many approaches and tactics for dealing with the issues 

related to tumor therapy and resistance. The benefits and drawbacks of the numerous 

anticancer medication delivery methods, such as stimuli-responsive systems and 

inorganic nanoparticles, have been thoroughly discussed.  

 

2. Signal Pathways   

 

Research has revealed important connections between aberrant metabolic phenoty

pes and oncogenic signaling. Oncogene and tumor suppressor mutations can either 

directly regulate the transcription of enzymes involved in metabolism or by controlling 

regulatory elements including feedback loops and post-translational modifiers (PTM), 

they can indirectly control the activity of enzymes. Cancer cells possess metabolic 

flexibility, which enables them to adjust to settings of acute metabolic stress, thanks to 

the complex relationships that exist between signaling and metabolism. 

 

2.1. LKB1/AMPK Pathway 

A well-preserved energy-sensing kinase is AMPK. AMPK stimulates catabolic 

cellular processes while blocking anabolic pathways. Therefore, under situations of 

cellular energy stress, cells may tolerate AMPK activity. In contrast to other metabolic 

proteins, AMPK is not regulated by other metabolic intermediates; instead, it is reliant 

on the amounts of AMP and ADP in the cell. AMP interaction is elicited by increases in 

AMP/ATP ratios and AMPK conformational changes follow. Thus, upstream kinases 

can phosphorylate the AMPK alpha subunit through AMPK conformational shift driven 

by cellular energy stress (Gowans et al., 2013; Hawley et al., 1996). 

Cellular calcium levels and growth factor-mediated GPCR activation both affect 

AMPK. When under energy stress, the upstream kinase LKB1 phosphorylates the 

AMPK alpha subunit, while CAMKK does the same when it detects calcium 

concentrations (Shaw et al., 2004; Hawley et al., 2005). In the setting of cancer, 

stressors such energy deprivation, hypoxia and starvation trigger AMPK, which confers 

characteristics of stress tolerance in certain cancers (Dasgupta et al., 2016).  
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It is yet unknown if AMPK is a tumor-suppressive or carcinogenic protein. 

AICAR and the type 2 diabetes medication metformin are examples of AMPK 

activators that are utilized in clinical settings to prevent the growth of cancer cells (Guo 

et al., 2009; Dowling et al., 2007). The mechanism behind its anti-proliferative action is 

crosstalk between the mTOR and Hippo pathways. AMPK phosphorylates YAP directly 

or via LATS kinase to suppress YAP-TEAD interactions in a nutrient-poor 

environment. By directly phosphorylating TSC2 and RAPTOR, AMPK suppresses 

mTORC1, a crucial regulator of the protein translation machinery (Inoki et al., 2003; 

Gwinn et al., 2007). AMPK, however, also promotes anoikis resistance, migration and 

metastasis, which makes it an oncogenic protein. For example, AMPK promotes cell 

motility and metastasis in prostate cancer and enhances cell survival by activating the 

androgen receptor-CAMKK axis. By inhibiting mTORC1, AMPK also imparts 

resistance to anoikis (Park et al., 2009; Frigo et al., 2010; Leprivier et al., 2011). 

 

2.2. PI3K-AKT/mTOR Pathway 

External growth factors carefully control anabolic metabolism and cell division in 

normal cells (e.g., hormones and insulin).  AKT and mTOR signal transduction 

pathways, among others, are triggered to result in mitogen-induced cell cycle 

advancement. GPCR signaling and receptor tyrosine kinases (RTKs) both stimulate the 

PI3K-AKT pathway. PIP2 becomes PIP3 when PI3K phosphorylates it in response to 

activation of RTKs or GPCRs. On the other hand, PTEN, A protein known as a tumor 

suppressor dephosphorylates PIP3 to PIP2, which prevents PI3K/AKT communication. 

Mutations with gain-of-function in PI3K and mutations that cause loss of function in 

PTEN are seen in a wide variety of cancer types (Hoxhaj et al., 2019). Once it has 

accumulated, PIP3 binds to AKT by phosphorylating it through PDK1 and mTORC2 

(Alessi et al., 1997; Sarbassov et al., 2005).  

The balance between active and inactive AKT controls the growth of cells, 

changes in metabolism and the development of tumors. Interestingly, AKT suppresses 

TSC2's phosphorylation, which raises mTORC1 activity and suppresses RHEB GTPase. 

mTORC1 activates the cell's protein translation machinery by phosphorylating 

ribosomal S6K and 4E-BP1 (Thoreen et al., 2012). 

ElF4B-elF4A heterodimerization initiates translation by unwinding the secondary 

domains of mRNAs upon phosphorylation (Csibi et al., 2014; Thoreen et al., 2012; 

Raught et al., 2014).  

A better translation initiation complex accessibility to the 5′ region of mRNAs is 

achieved through 4E-BP phosphorylation, which also dissociates 4E-BP from elF4E 

(Ma & Blenis, 2009). Mitogen-activated AKT, thus, promotes protein synthesis through 

mTORC1. Enzyme metabolism is regulated by PI3K/AKT signaling. AKT 

phosphorylates GSK3 to block the glycogen production pathway when it is activated by 

insulin (Hermida et al., 2012). PI3K/AKT is therefore a crucial signal transduction 

pathway in the cellular uptake of glucose. Directly and indirectly, through post-

translational changes (phosphorylation and methylation) of metabolic enzymes, 

PI3K/AKT upregulates glycolysis. For example, by phosphorylating and engaging the 

AS160 protein, AKT improves GLUT membrane trafficking (Mîinea et al., 2005; Sano 

et al., 2003; Eguez et al., 2005).  

By preventing endocytosis, AKT increases the production of GLUT1/4 

membranes and directly inhibits TXNIP through inhibitory phosphorylation (Waldhart 

et al., 2005). Moreover, AKT makes glycolytic enzymes like PFK1 and HK2 more 
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efficient. By promoting HK2's mitochondrial integration, AKT phosphorylates and 

activates HK2 (Roberts et al., 2013; Gottlob et al., 2001). AKT increases the activity of 

PFK1, which is regulated by fructose-2,6-bisphosphate (F-2,6-BP). AKT increases the 

productivity of glycolysis by phosphorylating PFKFB, which catalyzes the reduction of 

fructose-6-phosphate to F-2,6-BP (Deprez et al., 1997). Glycolysis is further enhanced 

by AKT signaling through the transcription factor HIF-1α. Certain glycolytic 

components, such as GLUT, are activated by HIF-1. HIF-1 activates LDH, which 

promotes lactate production and aerobic glycolysis (Semenza, 2003). 

 

2.3.  p53 Pathway 

One of the most renowned genes for tumor suppression, p53 regulates a range of 

cellular activities including as metabolism, progression of cell cycles and apoptosis. 

Phosphorus-regulated protein (p53) is activated in response to cellular stressors such 

DNA damage and hunger. Depending on the kinds and degrees of the stresses, it 

decides whether adaptation or cell death takes place (Kruiswijk et al., 2015). Three 

different levels of modulation affect p53: transcription, translation and post-translation. 

E3 ligase MDM2 controls the stability of p53 (Haupt et al., 1997; Kubbutat et al., 

1997). Under energy stress, AMPK phosphorylates, acetylates and subsequently 

stabilizes p53. In order to preserve homeostasis, p53 creates a negative feedback loop 

by upregulating MDM2 to encourage p53 degradation. Research has revealed that p53 

stops the cell cycle in order to fix damage to DNA before allowing the cell to proliferate 

again. (Lakin et al., 2007). Additionally, angiogenesis, carcinogenesis and the metabolic 

reprogramming of different malignancies are all inhibited by p53 (Kruiswijk et al., 

2015). 

OXPHOS and fatty acid oxidation (FAO) are two examples of the mitochondrial 

catabolic processes that are upregulated whereas aerobic glycolysis is decreased by p53. 

The expression of GLUT1 and GLUT4 is transcriptionally repressed by p53. Also, it 

suppresses PFK1, the enzyme that controls the rate of glycolysis, by lowering its 

allosteric activator fructose-2,6-bisphosphate and raises the TP53-inducible glycolysis 

and death regulator (TIGAR). (F-2,6-BP). By inhibiting LDH and activating pyruvate 

dehydrogenase (PDH), p53 raises TCA cycle inflow (Contractor & Harris, 2011). 

Furthermore, HK and glucose-6-phosphate isomerase are among the glycolytic enzymes 

that are indirectly inhibited by miR-34a (Kruiswijk et al., 2015). 

 

2.4.  Hippo Pathway 

The MAPK family, transcriptional coactivators YAP and TAZ, Ste20like kinase 

(MST) 1/2 and the big cancer suppressing kinase (LATS) 1/2 core kinases comprise the 

Hippo pathway, which regulates cell proliferation, organ size and tissue homeostasis. 

(Harvey et al., 2003; Jia et al., 2003; Justice et al., 1995; Pantalacci et al., 2003; Tapon 

et al., 2002; Udan et al., 2003). Upon activation of the route, phosphorylation and 

activation of MST1/2 and LATS1/2 occur, leading to the phosphorylation of YAP/TAZ 

by upstream signals. Consequently, E3 ligase β TRCP degrades YAP/TAZ once they 

are trapped in the cytoplasm by 14-3-3 proteins (Zhao et al., 2007; 2010; Liu et al., 

2010). 

Numerous cancer forms have overactive YAP/TAZ activity (Moon et al., 2018; 

Park et al., 2018). 
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The hippocampal pathway is influenced by numerous other types of upstream 

regulators, including cell-to-cell contact, mechanical inputs from the environment, Wnt 

signaling, G protein-coupled receptor (GPCR)–ligand relationships and various types of 

cellular stress. On the other hand, upon deactivating Hippo signaling, YAP/TAZ 

translocate into the nucleus where they attach to transcription factors known as 

transcriptional enhanced associate domains (TEAD) to cause the activation of 

carcinogenic target genes. 

Numerous metabolic processes are impacted by the Hippo pathway, a master 

regulator of cell proliferation. YAP/TAZ activity raises glycolysis by directly and 

indirectly increasing the activity of glycolytic enzymes. Specifically, YAP/TAZ activity 

stimulates FOXC2 to express HK2 and TEAD to express GLUT3. YAP/TAZ also 

increases the expression of the LncRNA BCAR4 and upregulates HK2 and PFKFB3 

through Hedgehog signaling (Zheng et al., 2017). Furthermore, by increasing the level 

of expression of the glutamine transports SLC1A5 and SLC7A5 in cancerous breast 

cells, YAP/TAZ enhances glutamine metabolism.  YAP/TAZ and TEAD boost the 

metabolism of glutamine and amino acids via expressing amino acid transporters (Park 

et al., 2015). YAP/TAZ promote the expression of glutaminase and transaminase, 

specifically GOT1 and PSAT1, resulting in the production of TCA cycle intermediates 

and NEAAs (Yang et al., 2018; Bertero et al., 2016). YAP/TAZ increases the ability of 

cancer cells to spread by accumulating lipids and directly modifying bile acid 

components (Lee et al., 2019). 

Nutrient concentrations control both cell growth and cell cycle advancement. The 

Hippo pathway is greatly affected by metabolic circumstances. YAP/TAZ activity is 

significantly impacted by glucose metabolism. High blood sugar raises the flow of 

glucose to the HSP, which generates the glycosylating enzyme UDP-GlcNAc. 

Therefore, a high glucose environment causes YAP O-GlcNAcylation and disrupts the 

connection between LATS and βTrCP, which raises YAP/TAZ activity. O-

GlcNAcylation causes YAP to become hyperactivated in liver and pancreatic tumors 

(Peng et al., 2017; Zhang et al., 2017). By interfering with the connection between 

LATS2 and MOB1 in breast cancer, glycosylation of LATS2 reduces its activity (Kim 

et al., 2020). 

On the other hand, YAP/TAZ activity is inhibited by energy stress brought on by 

glucose deprivation through both Hippo-dependent and -independent processes. When 

ATP levels drop, the energy sensor AMPK is triggered. The YAP-TEAD interaction is 

prevented by AMPK's direct phosphorylation of YAP at serine 61 and serine 94 (Kim et 

al., 2020; Deran et al., 2014). Through AMOTL1 phosphorylation and activation, 

AMPK suppresses YAP indirectly (Deran et al., 2014). The Hippo pathway can be 

regulated by amounts of external hormones. GPCRs allow lipid hormones to block the 

pathway, such as sphingosine 1-phosphate and lysophosphatidic acid (Yu et al., 2013).  

The Hippo pathway is triggered by the peptide hormone glucagon, which raises blood 

glucose levels by activating PKA and cAMP (Miller et al., 2012; Yu et al., 2013). 

Hippo pathway kinases can also be regulated by subcellular lipid constituents. The 

Hippo pathway is upstream regulated by SREBP. The mevalonate pathway increases 

RhoA GTPase's geranylgeranylation when SREBP is engaged. RhoA is in charge of the 

F-actin cytoskeleton since F-actin is an established LATS kinase downstream factor. 

Consequently, via blocking LATS, elevated metabolism of fatty acids in cancer cells 

irregularly activates RhoA and increases YAP/TAZ activity (Mi et al., 2014; Sorrentino 

et al., 2014). It is noteworthy that YAP suppression has been demonstrated to enhance 
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tumor regulatory effects and that TAZ and YAP have a low prevalence in malignancies 

that are hematologic (Cottini et al., 2014; Donato et al., 2018). In blood malignancies 

such as leukemia and lymphoma, it would be crucial to elucidate the aberrant metabolic 

changes caused by the Hippo-YAP pathway.  

 

3. Nanoparticles for Drug Delivery  
 

Tumor vasculature has distinct pathophysiological characteristics, including a 

high percentage of rapidly angiogenizing endothelial cells. Tumor tissues grow quickly, 

which leads to abnormalities in cell architecture such deformed basement membranes, a 

rise in cell curvature and a deficiency of neovascular outer membrane cells. The 

accumulation of nanoparticles (NPs) that permeate tumor tissues through tumor 

capillary “gaps” and poor lymphatic reflux is encouraged by these abnormalities, which 

together result in the “enhanced permeation and retention (EPR) effect” (Jain et al., 

2001; Gao et al., 2012; Liu & Lu, 2012).  Passive targeting, a crucial method for the 

tumor accumulation of potential nanocarriers, is based on the EPR effect (Matsumura et 

al., 1986; Maeda et al., 2000).  

Particle size has a significant impact on how nanomedicine functions within the 

body. For example, because of their hydrophilic nature, NPs smaller than 5 nm are 

amenable to rapid renal filtration. On the other hand, particles larger than 200 nm tend 

to accumulate quickly in organs that are in good condition or are quickly taken up by 

macrophages. Nanocarriers, which have particle sizes ranging from 5 to 250 nm, can 

accumulate over time owing to inadequate lymphatic drainage in tumor tissues. They do 

this by infiltrating leaky tumor capillaries and raising the total quantity of Myc protein 

in cells, chromatin accessibility and Myc transcriptional activity (Matsumura et al., 

1986; Maeda et al., 2000). Protein photochemical changes and cellular capacity for 

absorption are influenced by two crucial surface properties: charge and hydrophobicity.  

Hydrophobic and highly charged particles have longer in vivo circulation half-

lives and higher non-specific internalization rates than neutral or oppositely charged and 

hydrophilic particles (Radomski et al., 2005; Albanese et al., 2012). Enough stability, 

another important factor influencing how long NPs circulate, is necessary for effective 

tumor targeting. According to studies, stable NPs frequently leak drugs before they 

reach their target (Letchford et al., 2012; Rijcken et al., 2007; Talelli et al., 2015).  

This premature drug release has a big influence on how well tumors are targeted. 

Tumor biology, which includes elements like the degree of vascular and lymphatic 

vessel formation, perivascular tumor invasion and intra-tumor pressure, determines how 

effective passive targeting is. The effectiveness of passive nanomedicine targeting is 

determined by these factors as well as the physicochemical characteristics of NPs. 

Furthermore, targeting effectiveness is highly dependent on blood circulation time (Wen 

et al., 2023). In fact, vascular barriers that kinetically slow down transportation of 

systemically given nanomaterials used for drug delivery systems require a substantially 

longer circulation period in order to enhance the possibility of passing through the 

vascular wall. A significant obstacle to extended blood circulation is the 

reticuloendothelial system's quick clearance of nanomedicine (RES).   Steric stabilizing 

methods like PEGylation have been developed to address this problem. This technique 

delays RES clearance and prolongs circulation by taking use of the steric repulsion 

principle. For instance, the field of nanotechnology uses PEG to produce “stealth” drug 

carriers that allow for longer circulation durations as well as a reduction in the 
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mononuclear phagocyte system (MPS) identification and clearance. PEG is now 

included in the majority of nanomedicines that are authorized for clinical use and it has 

played a key role in recent developments, including the two mRNA-based COVID-19 

vaccines that are administered via PEGylated lipid nanoparticles (Shi et al., 2022). 

 Nanomedicine's cell targeting field is fast developing, as it is an integral subtype 

of active targeting. If certain cells, such those of the immune system, cancer or even 

stem cells, are specifically targeted during treatment, a number of illnesses may respond 

more favorably (Belfiore et al., 2018) NPs with specific ligands that can identify and 

bind to receptors specific to the target cells must be made in order to use this strategy 

(Mukwaya et al., 1998). An integral component of this strategy is the ligand-mediated 

recognition of the target component receptor (Gavas et al., 2021). 

 Receptor-mediated endocytosis can force NP to internalize after initiating 

intramembrane folding through interactions between the ligand and targeted. 

When endogenous particles internalize, they are transported to the nuclear 

endosome where they undergo additional processing and release medicine. Because of 

its cell-specific delivery mechanism, the drugs are guaranteed to affect the cells of 

interest preferentially, potentially improving treatment outcomes and reducing side 

effects. Numerous researches indicate that cell targeting may be feasible and show a 

notable rise in NP absorption by cells in vitro. As an example, anti-HER2 monoclonal 

antibody-treated actively focused magnetic nanoparticles (NPs) produced tumor tissue 

concentrations 10–30 times higher than non-targeted NPs (Fiandra et al., 2013).  Similar 

results were seen for tiny carriers loaded with cisplatin and layered double hydroxides 

amended with folic acid (Park et al., 2016; Jine et al., 2016). 

Targeting cancer cells and the cells that line tumor blood arteries (angiogenic 

endothelial cells, for example) can reduce the blood delivery to cancer cells, leading to 

hypoxia and necrosis. Furthermore, the efficiency of nanocarriers containing 

conventional chemotherapeutic drugs can be improved by this method. However, the 

NPs used for cell targeting must fulfill the conditions for passive targeting, such as 

having a steady, long-lasting blood flow, a suitable particle size and efficient drug 

retention (Arranja et al., 2017). Cell targeting is not without its difficulties, though. The 

intricacy of biological systems presents formidable obstacles. Proteins are drawn to the 

surfaces of nanocarriers when they are injected into biological fluids, creating an 

adsorption layer known as the protein corona (Xiao et al., 2022). This protein layer 

modifies the physicochemical characteristics of nanocarriers, which in turn affects their 

biological behavior and eventually determines their fate in vivo. The pharmacokinetics, 

toxicity, targeting ability and stability of nanocarriers are all greatly impacted by this 

process. Thus, a critical factor in the physiological activity of nanoparticles is the 

characterization of the protein that comprise the corona (Xiao et al., 2022). 

 

3.1. Drug Release 

After being ingested, the nanomedicine is delivered to the nuclear endosome, 

where it undergoes additional processing and is released. At the point where the 

nanocarrier breaks down or disintegrates, the drug that has been enclosed is released. 

Active release mechanisms are triggered by specific triggers within the cell or TME, 

whereas passive release mechanisms depend on the drug's diffusion or breakdown.  A 

number of pertinent research in the field of stimuli-responsive nanomedicine should be 

taken into consideration, in addition to the conclusions previously presented in our 

work. Stimuli-responsive nanomedicines are a novel way to improve the efficiency of 
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drug delivery. They work by reacting to certain physical or biological stimuli and then 

controlling the amount, timing and location of drug release patterns (Mura et al., 2013).  

The release of medications contained in nanoparticles (NPs) can be triggered by 

both internal and external stimuli, including as pH, redox processes, light, magnetic 

fields, temperature and ultrasound (Lu et al., 2016). According to Mura et al. (2013), 

these methods can improve targeted medicine delivery to ill areas and regulate drug 

biodistribution. This contributes to the resolution of non-specific biodistribution of cells 

and tissues, which frequently alters the effectiveness of treatment. These nanoreactors 

are inactive in healthy tissues, but they activate in the presence of an acidic TME. This 

leads to the generation of reactive species, which oxidatively stress cells and reduce 

their antioxidant capacity. Ultimately, this leads to synergistic tumor ablation (Li et al., 

2017). 

 Thermoresponsive liposomes were investigated in a research to improve their 

anti-cancer effectiveness (Shah et al., 2023). 

In accordance with the increasing temperature at tumor locations, they noticed 

that thermoresponsive liposomes loaded with cisplatin exhibited more cytotoxicity at 

higher temperatures. Recent work (Afzalipour et al., 2021) has created a technique that 

greatly suppresses tumor development and increases survival rates by combining an 

alternating magnetic field with magnetic nanoparticles coated with temozolomide. 

Furthermore, substantial advancements in the treatment of cancer have been 

demonstrated by studies on pH-responsive nanoparticles. pH-responsive nanovesicles 

have been shown to be effective in drug administration, particularly when loaded with 

doxorubicin, which has been shown to have strong anti-cancer effects in both in vitro 

and in vivo settings by and A kind of colloidal nanocarrier called niosomes has a pH 

sensitivity that may be modulated by surfactants, as Marianecci et al. have out. 

Moreover, Li et al. (2017) have built the novel ROS-responsive nanomedicine platform 

(Swetha et al., 2023; Di Francesco et al., 2017; Marianecci et al., 2016; Li et al., 2016).  

The need for effective treatment options is driven by the rise in cancer cases 

worldwide. The therapeutic potential of immunity cell-derived nanomedicine, 

specifically macrophage-derived nanomedicine, has been shown by recent studies. 

Since these nanovesicles originate from immune system cells that readily recognize and 

kill tumor cells, they have inherent long-circulation qualities and a natural affinity for 

cancer tissues (Barone et al., 2022; Yan et al., 2023).  

 To fully use these nanovesicles' therapeutic potential, a variety of tactics have 

been used. Extracellular vesicles (EVs) produced from macrophages, for example, have 

been found to be essential in the TME mostly due to their capacity to transfer proteins 

and nucleic acids across cells and organs (Barone et al., 2022).  

Nevertheless, there are drawbacks to EVs as well, including limited yield, 

inadequate targeting and very inefficient components, all of which may be lessened with 

engineering (Yan et al., 2023). GBM was given a new lease of life when extracellular 

vesicles (M1EVs) generated from M1-like macrophages developed. Chemiexcited 

photodynamic treatment (CDT) and hypoxia-activated chemotherapy were two goals 

synergistically achieved by functionalizing M1EVs, which were engineered to 

overcome several challenges (Wang et al., 2022).  

This suggests that immune cell-derived nanovesicles could be used for 

customized, multimodal therapy. The possibility that EV-based systems could improve 

the effectiveness of RNA disruption therapies is raised by additional data that 

combining the characteristics of EVs and the liposomes to generate hybrid NPs boosts 
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siRNA dispersion for particular cells (Evers et al., 2022). Previous results indicate that 

immune cell-generated nanovesicles, particularly those derived from macrophages, can 

be used to create effective, personalized anti-cancer nanomedicines. To improve 

engineering techniques for treatment of cancer, future research should focus on 

increasing the ability to select and potency of these nanovesicles. The application of 

folate-targeted nanotechnology in active targeting is a successful illustration of an 

engaged targeting technique. Since folate is overexpressed on the surface of many 

tumor cells, folate is a perfect ligand for changing nanocarriers to make them more 

attractive to tumor cells (Lin et al., 2020; Paolino et al., 2012). Folate-targeted 

nanosystems have shown promise in anti-cancer applications, as numerous studies have 

shown. 

 

3.2. Application of nanomedicine in treatments of cancer  

The exceptional qualities and capabilities of nanomaterials have aided in the 

advancement of research on tumor therapy. Liposomes, micelles made of polymers 

(PMs), dendrimers in quantum dots (QDs), nanotubes made of carbon (CNTs), 

mesoporous nanoparticles made of silica (MSNs), metallic/magnetic nanoparticles and 

quantum dots (QDs) are only a few of the nanomaterials that are showing promise as 

novel cancer therapies (NPs). These fascinating nanomaterials offer customized drug 

delivery, controlled release, improved stability and increased penetration into tumor 

tissues. They also make tailored medication, photothermal therapy and multimodal 

imaging possible. As such, the field of nanomedicine presents a great opportunity to 

advance the development of tumor medicines and tackle the challenges related to 

traditional cancer treatments. In the parts that follow, we will go into the precise roles 

that nanocrystals play in several elements of cancer treatment, like chemotherapy and 

surgery.  

 

3.2.1. Surgery 

In contrast to traditional surgery, which frequently involves the removal of sick 

tissues and may endanger nearby healthy ones, nanomaterials provide an invaluable tool 

for quick and effective hemostasis, enhancing patient protection during surgical 

operations. Furthermore, tiny cancers pose a serious barrier to the efficiency of surgery 

since they are frequently impossible to detect with the human eye. On the other hand, 

nanotechnology can be used to map sentinel lymph nodes, efficiently mark remaining 

tumor cells and micrometastases and highlight tumor borders and surrounding essential 

structures.  

This offers helpful advice for tumor excision and significantly raises the detection 

resolution. Image-guided an operation (IGS) for metastatic ovarian cancer was 

considerably improved, for example, by Zhang et al.'s studies on the in vivo generation 

of NIR-II-emitting NPs that used lanthanide-doped NaGdF4. Moreover, Moritz et al. 

designed CLIO-Cy5.5, a dual-purpose nanoparticle that serves as both an MRI contrast 

compound and an in the near-in fluorescence optical probe (Kircher et al., 2003) and 

has been shown to be useful in defining the margins of orthotopic malignancies in hosts.  

Beyond these advantages, NPs have also been used to increase the effectiveness of 

cryosurgery by controlling the freezing range, guiding the production of ice balls and 

improving the freezing temperature distribution, all of which lessen the risk of injury to 

nearby healthy tissues (Hou et al., 2018). Recent research indicates that the addition of 
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magnesium oxide nanoparticles to tumor cells greatly enhanced their thermal 

conductivity, improving the freezing effect (Deng et al., 2005)  

 

3.2.2.  Chemotherapy 

Chemotherapy with conventional methods is commonly utilized, however it can 

cause discomfort to patients since it damages tissue that is healthy in addition to the 

tumor. Its rapid excretion from the body means that it must be administered often and 

may lead to drug resistance, both of which decrease the likelihood of patient survival 

(Sivak et al., 2017). NPs, on the other hand, may be designed to stick to cancer cells 

specifically and to gather at the tumor site. This would provide a very effective, low-

toxicity treatment strategy that can defeat tumor drug resistance. 

Targeted drug delivery and localized drug release can be accomplished by NPs 

through the use of TME properties such as pH, redox fluctuations, enzyme activity, 

hypoxia, or particular cell surface receptors (Zhang et al., 2023). The preferential 

binding of desialylated glycoprotein receptors to hepatocellular carcinoma cells has 

been demonstrated by mesoporous silicon nanoparticles (NPs) infused with lactic acid, 

which may provide an alternative to non-specific chemotherapy treatments. To optimize 

therapeutic efficacy, nanocarriers can also carry many drugs at once, regardless of their 

specific properties. In contrast to (Sivak et al., 2017) who reported a forming itself, 

nanocapsule structure for simultaneous drug administration, (Lin et al., 2016) developed 

a method to treat brain cancers with vincristine and chemotherapy in tandem. These 

combination methods, which take into account all of vincristine's various processes 

(including anti-angiogenesis, TME modulation and apoptotic induction), often result in 

improved 

 

3.2.3.  Immunotherapy 

Even with all of the potential that cancer immunotherapies have, only around 10 

percent of patients show meaningful benefits. Combining immunotherapy and 

nanotechnology may offer new approaches to overcome this obstacle. NPs have shown 

promise in improving tumor immunotherapy through TME modulation to promote anti-

tumor immune responses and tumor vaccination effectiveness enhancement. For 

example, co-delivery of adjuvants and antigens is made possible by nanoparticle-based 

vaccinations or “nano vaccines”, which overcome the drawbacks of traditional cancer 

vaccines. Antigen-presenting cells (APCs) have been shown to respond better to antigen 

delivery and to be activated. Tumor immunotherapy has also shown promise for novel 

nanoparticle-based medications, especially those that include metals like iron, zinc and 

copper. Iron nanoparticles, for example, can trigger a potent adaptive immune response 

and induce death in tumor cells by eliciting Fenton reactions. It has been discovered that 

zinc nanoparticles cause immunogenic cell death, which stimulates the systemic 

immune response. Adjuvants such as copper nanoparticles (NPs) have been used in 

cancer vaccines to enhance dendritic cell maturation and antigen presentation. 

Combination therapy employing nanotechnologies in medicine as a basis further offers 

the synergistic approach of co-delivering immune modulators or chemotherapy 

medications with PD-1/PD-L1 inhibitors to prevent tumor immune evasion. Combining 

nanomedicine with immunotherapy may therefore provide novel and efficient ways to 

boost the immune system's defenses against cancer.  
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3.2.4.  Radiotherapy 

High-energy X-rays are used in radiotherapy, a common clinical cancer treatment, 

to kill cancer cells that divide quickly and stop tumor development (Fan et al., 2015). 

However, solid tumors due to limited oxygen flow, they are hypoxic, making them 

several times more radioresistant than regular tissues, which reduces the efficacy of 

therapy. Moreover, weak radiation is received by tumor cells that are far from the 

radiation source (Fan et al., 2017). In order to counteract radioresistance, oxygen 

delivery carriers have been created using nanotechnology. For example, fluorocarbon 

has been investigated in this context; it is a temperature-sensitive molecule with great 

affinity for oxygen adsorption and delivery. High-energy X-rays are used in 

radiotherapy, a common clinical cancer treatment, to kill cancer cells that divide quickly 

and stop tumor development however, solid tumors have two to three times the 

radioresistance of normal tissues due to their hypoxic nature from low oxygen delivery, 

which reduces the efficacy of therapy. Moreover, weak radiation is received by tumor 

cells that are far from the radiation source (Fan et al., 2017). In order to counteract 

radioresistance, oxygen delivery carriers have been created using nanotechnology. For 

instance, fluorocarbon, a temperature-sensitive compound with strong oxygen 

adsorption and delivery affinity, has been explored in this context (Song et al., 2017). 

Liu et al. (2010) created tantalum oxide nanoparticles (NPs) with absorbed 

perfluorocarbon to boost tumor oxidation. As the adsorbed perfluorocarbon 

continuously released oxygen, the NPs focused the radiation towards the tumor. NPs 

may also function as radiosensitizers. As an example, Swanner et al.'s work (Swanner et 

al., 2015) demonstrated that both in vitro and in vivo, silver nanoparticles (AgNPs) 

dramatically decreased the vitality and radiosensitized triple- Negative breast cancer 

cells. Increased DNA damage (Zheng et al., 2013) elevated Bax/caspase-3 expression 

resulting in cell death, lower Bcl-2 expression and lower levels of catalaseAmong the 

effects of AgNPs on cancer of the liver in human HepG2 cells are total GSH and the 

antioxidant superoxide dismutase.   

 

3.2.5.  Photothermal/Photodynamic therapy 

Two novel light-based cancer treatment techniques are photothermal therapy 

(PTT) and photodynamic therapy (PDT). Through the application of light-activated 

photosensitive molecules (PSs), PDT generates harmful reactive oxygen species (ROS) 

within tumor cells, ultimately leading to the tumor cells' destruction (Yuan et al., 2012).  

However, PDT has problems from tumor hypoxia, tissue penetration of short-

wavelength light, aggregation-induced PS cooling and possible damage to cells from 

systemic PS dispersion (Ji et al., 2022; Yang et al., 2018; Tian et al., 2020; Wang et al., 

2019). Nanophotosensitizers, which offer improved photophysical characteristics and 

enable regulated PS distribution, can help with these problems (Liang et al., 2018).  

Liang et al. (2018) have developed a TME-responsive AuNC@MnO2 (AM) 

nanoplatform for oxygen-enhanced photodynamic treatment (PDT) that may effectively 

suppress tumor development and metastasis in metastatic breast cancer patients. 

Analogously, it has been shown that a TME-responsive nanoplatform might potentially 

alleviate PDT tumor hypoxia (Xu et al., 2017). Conversely, photothermal therapy (PTT) 

induces intratumoral harm by converting ultraviolet light into heat using the tumor cells' 

high heat sensitivity (Hussein et al., 2018). This method makes use of many near-

infrared (NIR) nanomaterials, such as carbon nanotubes and gold nanorods (Wei et al., 
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2021). Heat shock proteins (HSPs) generate thermal resistance in tumor cells, which 

limits PTT and calls for the development of materials that absorb NIR more efficiently 

(Li et al., 2017).  In these areas, there have been interesting advancements. A porphyrin-

based micelle, for instance, has shown to be successful. 

 

3.2.6.  Diagnosis and Imaging 

It is commonly known that early tumor diagnosis improves prognosis and survival 

rates. Conventional non-invasive imaging modalities, including MRI, CT, PET, OI, 

SPECT and PET, are essential, but their sensitivity and specificity might be 

problematic, making a thorough assessment of the illness more difficult. Through the 

use of nanoparticles (NPs) including QDs, liposomes and AuNPs, nanotechnology 

opens up new possibilities in biomedical imaging by offering multifunctional, tumor-

specific devices. By combining with optical, magnetic and acoustic imaging methods, 

these NPs improve multimodal imaging and offer thorough diagnostic data. QDs are 

especially remarkable as remarkable optical imaging nanoprobes because of their 

special optical characteristics and capacity to increase the specificity of cancer 

diagnosis.  

The selection of efficient targeted drugs is aided by photographic proof of 

liposome formation in malignant tissues. Because of their minuscule nature and their 

biocompatibility AuNPs are excellent contrast agents which make it feasible to monitor 

the proliferation of tumor cells by X-ray irradiation and find malignancies in an early 

stage. Additionally, while avoiding iodine damage, image quality is improved by NPs 

encapsulated with iodine, a CT contrast agent. SPECT/CT and nanoparticle-enhanced 

CT imaging have shown promise in melanoma as breast cancer models and they remain 

a promising means of diagnosing cancer early (Lee et al., 2013; Mojarrad et al., 2020). 

 

4. Gene therapy 
 

When cancers initially appear, they are localized disorders, but they frequently 

spread to other parts of the body, making them incurable (Gao et al., 2020; Hu et al., 

2021; Pan et al., 2022; Zhao et al., 2023). Cancer treatments nowadays are based on 

clinical and pathological staging, which is determined by morphological diagnostic 

methods such as histology and conventional radiography. The only cancer treatments 

now available are radiation, chemotherapy and surgery (Singhal et al., 2010). But the 

state of technology still makes it difficult to identify cancer early and cure it.  

Although there have been significant breakthroughs in conventional medicines 

such as radiation and chemotherapy, cancer therapy is still not perfected due to various 

challenges. Some of these include the establishment of various types of drug resistance, 

extreme cytotoxicity, insufficient doses of medicines reaching the tumor area, general 

prevalent dispersion of anti-tumor medicines and the difficulty to monitor treatment 

responses (Lan et al., 2021; Xu et al., 2021; 2023; Das et al., 2009); Parveen & Sahoo, 

2006). To predict successful therapies and patient outcomes, the diagnostic and 

prognostic classes used today are inadequate (Wang et al., 2016).   

Thus, given their great potential, it is imperative to address pressing demands such 

defining tumor margins, detecting recurring tumor cells and micro-metastases and 

figuring out total tumor removal.  

Through the introduction of foreign genetics into the DNA composition of tumor 

cells, gene therapy seeks to produce deadly effects. Research on cancer is expanding 
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quickly on this area in both the clinical and preclinical phases. Genetic therapy is a 

powerful cancer treatment technique that includes introducing therapeutic protein-

producing genes, controlling the synthesis and release of tumor-associated genes and 

converting benign substances into deadly medications. In the context of cancer 

treatment, gene therapy can offset the diminished effectiveness and side effects of 

chemotherapy. 

Genetic therapy techniques have been created for the treatment of cancer as a 

result. The employment of transgenes that stop tumor growth upon insertion into tumor 

cells is also one of these tactics, along with hairpin hairpin RNA (shRNA), interrupting 

RNA (siRNA) and miRNA-mediated gene silence (Wang et al., 2016). With siRNA and 

shRNA, specific the oncogene and mutation tumor suppressor genes can be targeted, 

minimizing damage to the system microenvironment (Li et al., 2021). Through an 

enzymatic process, ribonuclease has reduced a type of double-stranded RNA called 

siRNA to lesser molecules with 20–25 nucleotides. 

When siRNA interacts with the versatile protein Argonaute (RISC), the RNA 

Inspired Silencing Complex is produced".  The targeted matching mRNA is bound by 

this complex, eliminating the passenger RNA strand. According to Bader et al. (2011), 

tumor-associated microRNA (tuRNA) is essential for the growth, spread and metastasis 

of cancers. Therefore, the cornerstone of miRNA-based cancer therapies is the 

inhibition or activation of this miRNA. Further research has been done on a number of 

suicide genes in different tumor cell types. These genes include cytosine deaminase 

(CDK), BCL-2 type protein (BAX2), human tumor necrosis factor-related apoptosis-

inducing ligand (TRAIL), truncated Bid, carboxyl esterase/irinotecan and a couple of 

others (Wang et al., 2016).  

Getting genes or siRNA/miRNA to malignant cells is one of the main challenges 

in the technique of employing gene therapy for cancer. Gene therapy has several 

benefits; however, unmodified siRNA has trouble passing cell membranes because of 

its size and vulnerability to serum nuclease breakdown. Moreover, targeted RNA 

interference (RNAi) via miRNA confronts electrostatic repulsion induced by the anionic 

charge shared by the cell membrane. Although viruses have historically been the 

primary means of transferring genes to their intended cells, they carry the risk of 

seriously triggering the host's immune system and inflammatory processes. Important 

problems with viral vectors include toxicities, immunological and inflammatory 

responses and difficulties with gene regulation and targeting.  

Another concern is the potential for the virus to reactivate and transmit illness. 

Non-viral driven gene delivery methods have garnered significant attention as a work 

around. Since non-viral vectors are harmless, they can be employed frequently for 

relatively little money and cause fewer immune responses. Catalytic polymers and 

nanoparticles delivered by liposomes are the most often employed non-viral vectors. 

The dimensions, density of charge, shape and colloidal stability of nanoparticles 

determine their potential utility as virus-free gene delivery vehicles. Jere et al. (2009) 

successfully delivered an Akt1 siRNA-loaded biodegradable nano-polymeric carrier, 

thereby silencing the Akt1 protein and reducing cancer cell survival, proliferation, 

malignancy and metastasis. 
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5.  Future perspective of nanobiomedicine-based tumor therapeutics 

 

Although nanotechnology has great promise to cure tumors by offering specific 

molecular features for targeted and less toxic treatments, there are a few obstacles that 

need to be overcome before the full benefits of nanotechnology in cancer therapy can be 

realized. Biological barriers that prevent nanomedicine from building up and 

penetrating tumors from blood and tissue to the cellular level are a major barrier (Kim et 

al., 2017). 

Endothelial cells that line blood arteries are strongly linked to the main obstacles 

to medication delivery at the blood level. Diseases like cancer and inflammation can 

cause poor blood flow, which may restrict the administration of medications. The 

vascular endothelial growth factor-dependent nature of tumor vasculature and its 

permeability can also severely impair drug delivery (VEGF) (Urbanczyk et al., 2022). 

Barriers at the tissue level can include inadequate vascularization, which can lead 

to hypoxic (low-oxygen) regions that may impair the efficacy and delivery of 

medications. Increased TME interstitial fluid pressures may make it more difficult for 

medications to enter tissues. The different tissue characteristics found inside and 

between tumors further complicate drug delivery. Various cell types, genetic 

abnormalities or alterations in the endothelium can all be examples of this 

heterogeneity, which can impact the efficacy and delivery of medications (Kim et al., 

2017; Nagy et al., 2010). 

The primary barrier at level of cell is the passive nature of the majority of drug 

delivery methods, which rely on diffusion and concentration gradients to move drugs 

from regions of high concentration (blood) to regions of low concentration (tumor 

interstitium), thereby limiting the amount of medication that reaches tumor cells (Kim  

et al., 2017). 

As an alternative, active transport mechanisms enable the selective passage of 

molecules across a barrier against the direction of the density gradient. Cellular energy 

saved as ATP or GTP is used by these systems to function. Despite their size, these 

obstacles are not insurmountable. To address these problems, a number of approaches 

are being developed, including vascular promotion treatment, vessel normalization and 

iRGD-based medication delivery. However, more research is required to move these 

promising ideas toward practical reality for patients with cancer and other disorders.  

Furthermore, for long-term therapeutic uses, worries about the toxicity and safety 

of nanomedicine—including its effects on reproductive systems and organs—are 

essential. Furthermore, for the best possible therapeutic outcome, the drug loading and 

release control of nanocarriers need to be improved. Adoption barriers include difficult 

synthesis, expensive prices, low biocompatibility and limited stability of nanomaterials, 

which prevent their wider use in medical contexts. Additionally, transferring preclinical 

discoveries into therapeutic trials is complicated by the lack of appropriate animal 

models that closely resemble human tumor disorders. Unlocking the full potential of 

nanotechnology to transform tumor therapies and provide tailored, efficacious cancer 

treatments requires overcoming these challenges by creative thinking and thorough 

investigation.  

While there is great potential for early cancer detection and treatment with 

nanomedicine, the field is still in its infancy and has several unresolved issues that must 

be addressed before gaining regulatory approval for commercial use. To progress 

nanomedicine in tumor therapy, a number of important avenues should be explored. 



G. ROSIC et al.: CANCER SIGNALING, CELL/GENE THERAPY, DIAGNOSIS AND ROLE… 

 

 
25 

First and foremost, it is critical to reduce nanomaterial toxicity and provide safety 

assessment guidelines. Secondly, particular tumor types should be targeted and 

biological barriers should be overcome in order to increase delivery efficiency through 

the development of precise nanodrug delivery techniques.  

Thirdly, to prevent systemic toxicity and improve the effectiveness of medication 

delivery, it is essential to guarantee the stability and regulated release of carriers. By 

addressing complexity issues, simplifying nano-design is also essential to enabling 

clinical translation. The large-scale production of nanomedicine can benefit greatly 

from novel manufacturing tools and technologies including non-infiltrating template 

microprinting and microfluidic technology. Last but not least, developing in vivo and ex 

vivo evaluation models—such as microarrays, tumor-like organs and models of human-

derived tumor xenografts—is essential for a thorough assessment and for improving the 

correlation between experimental results. Future work on novel nanomaterial-based 

drug delivery systems and the application of cutting edge methods like 3D-printed 

living tumor models can improve target identification, medication development and 

treatment effectiveness prediction even more.  

 

6. Conclusions 

 

In summary, nanomedicine has the potential to transform cancer therapy by 

addressing the shortcomings of conventional medicines. It finds uses in a range of 

therapies by using nanoparticle-mediated medication delivery for improved tumor 

targeting and therapeutic effectiveness. Although there are still issues to be resolved, 

including improving biocompatibility, controlling drug release, streamlining nano-

design and creating appropriate assessment models, the use of nanomedicine in cancer 

treatments has bright prospects. Its full promise will only be realized with further 

innovation, which will open the door to more individualized and powerful therapies that 

will greatly enhance patient outcomes and advance the battle against cancer.  
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