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Abstract 

Cancer is the most prevalent disease worldwide that has respected no borders. Despite of the intensive 

research in the field of medical, no satisfactory cancer treatment strategy has been developed. Conventional 

cancer therapies have been facing multiple challenging factors that have made cancer difficult to treat. Poor drug 

delivery system, anticancer drug resistance and metastasis are the prime limitations in the conventional cancer 

therapies, posing serious effects on the health of the cancer patients. Nanotechnology is an exciting new field of 

study that has proven its significance in multiple areas including medicines. It has also provided potential views 

for cancer treatment, enabling more effective, target-specific treatment regimens with fewer adverse effects. 

Multiple nanotechnology-based cancer treatments are being studied and analyzed for which numerous varieties 

of nanoparticles are used. The current review highlights the novel approaches and current practices of 

nanomaterial-based cancer treatment strategies targeting multiple cancer metabolisms. Furthermore, it will 

spotlight the advantages of NPs- based treatments over conventional methods, challenges and future 

perspectives of nanotechnology-based cancer therapies. 
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Introduction 
Cancer is the most prevalent disease worldwide, has taken more than 10 million lives in the year 2020 [1]. 

Cancer cells exhibit uncontrolled proliferation, transformation, and the capability to metastasize to 

distant organs, posing a threat to normal body cells [2]. However, to fulfill its energy requirement for its 

unregulated proliferation and migration, tumor cells acquired energy and raw material through unusual 

metabolic pathways [3]. The reason behind acquiring energy from unusual metabolic pathways is the 

more rigorous metabolism of cancer cells than normal cells [4]. In cancer cells, various signaling pathways 

that promote carcinogenesis collectively control three prime metabolic pathways [5]. However, lipids, 

glucose and protein metabolism are included in these metabolic pathways [6]. The distinct metabolism in 

tumor cells indicates that changes in the metabolic process are crucial for tumor development [7]. 

However, recent advancement in the area of medicine, conventional cancer treatments such as 

chemotherapy, have failed due to various factors connected with cancer. Normally tumor cells resist 

therapeutic drugs and other therapies such as chemotherapy [6]. The current chemotherapeutic drugs 

not only destroy the tumor cells while also kill normal body cells. Therefore, the administration of these 

toxic drugs can lead to severe side effects and may sometimes become the cause of patient’s death [8]. 

Some other limitations associated with free drug delivery system include reduced permeability and 

limited biocompatibility [9]. The greatest disadvantages of the free drug delivery are the nonspecific 

targeting of cancerous sites. Similarly, in radiotherapy there is no cell specificity that leads to similar side 

effects in the cancer patients. Drugs resistance is another challenge where sometimes the anticancer 

drugs stop performing their function completely [10]. Medical field are facing some other major challenges 

in the treatment of cancer like reoccurrence and metastasis of cancer cells. Some cancers cells escape the 

cancer treatment and reappear after being ready for metastasis [11]. They uncontrollably grow again and 

form a tumor. This phenomenon is also termed relapse [12]. Sometimes, the relapse occurs within days 

after treatment, whereas it can also take months or years to reoccur [13]. In metastasis, it becomes 

difficult to treat cancer when the tumor spreads in the adjacent tissues and even in the entire body [14]. 

Targeting cancer all over the body with drugs and other therapies becomes a challenge for doctors and 

patients [15]. For instance, healthy tissues are also affected due to chemotherapy, so it's life-threatening 

to expose the whole body to chemotherapy [16][17]. An overview of conventional methods of cancer 

treatments is summarized in (Figure 1). Keeping in view the challenges to cancer treatments, there is 

a dire need for treatments that are inexpensive, more precise, and have potential to overcome the 

challenges mentioned above [18]. now a days nanoparticles are considered a therapeutic strategies 

for cancer treatment [19]. It has grabbed the attention of cancer researchers due to its unique properties, 

which have been opening the gates to novel methods of cancer diagnosis, characterization, and treatment 

[20]. This review will highlight the novel approach of nanoparticles to treat cancer, overcoming the 
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limitations of the conventional cancer treatment methods, and the study of underlying mechanisms of 

NPs to target cancer metabolic pathways. 

 

Figure1: Conventional Methods of treating cancer. 
 

Application of Nanoparticles in Cancer Therapy 
In medical field nanoparticles with size ranging between 1-100 nm are used[21] . These NPs are used in 

therapeutic drugs synthesis, designing devices and manufacturing [22]. NPs differ from conventional 

macromolecules due to their distinct optical, magnetic, and electrical characteristic that manifest at 

nanoscale [23]. Super magnetic behavior, High surface-to-volume ratio, improved electrical conductivity, 

and unique fluorescence properties are the typical characteristics of the nanoparticles [24]. In the field 

of medical, nanoparticles are being applied for drug transportation with controlled release [25]. Increased 

permeability and enhanced biocompatibility are also the prominent features of the nanoparticles [26]. 

These unique properties of nanoparticles make them potential for use in cancer therapeutics [27]. 

Nanoparticles has the potential to increase the specificity of the drugs in targeted therapy because of its 

high surface to volume ratio property, therefore improves the efficiency of the nanoparticles-based 

treatment although minimizing its toxicity to normal cells [28]. Photodynamic therapy (PDT) and Photo 

thermal therapy (PTT) are the two mechanism of treatment associated with optical interference [29]. 

Photodynamic treatment (PDT) produces cytotoxic reactive oxygen species as well as singlet oxygen., 

leading to cell death [30]. In PPT based treatment, materials with maximum photo thermal transforming 

properties are used that have the ability to elevate the temperature of the cancerous location ultimately 

leading to necrosis. These methods are considered advanced cancer treatment methods with impressive 

application and materials utilized for these therapies are under intensive investigation [30]. Some 
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nanoparticles can also be used in PDT and PTT cancer treatment methods due to its distinct fluorescence 

properties [31]. The unique and distinct properties of nanoparticles enable them to be used for cancer 

diagnosis and treatment [32]. Because of their excellent targeting accuracy, small size, controlled release, 

and ability to avoid the immune response, super paramagnetic iron oxide particles (SPIONs) have the 

potential to treat hyperthermia [33]. To eliminate cancer, targeting tumorous sites is some conventional 

therapies [34]. It is now conceivable for these carriers to enter malignant locations and release therapeutic 

drugs by combining the enhanced permeability and retention effect (EPR) with active targeting techniques 

like as modified nanoparticles (NPs) or dendrimers [35]. In addition, biomaterials antibodies which aim at 

targeting overexpressed specific antigens found on cancer cell surfaces are extensively used [36]. After the 

process of endocytosis, encapsulated drugs are released and exert cytotoxic effect or nuclear materials 

triggers cell apoptosis, depends on the encapsulated drugs [37]. Progress has been achieved in the 

delivery of nucleic acid nanoparticle-based drug delivery systems (DDS) targeting transporters, utilizing 

platforms such as exosome, liposomes, dendrimers and polymeric nanoparticles are extensively explored 

and researched in cancer therapy [38]. Targeted cancer therapy aims at targeting specific cancer 

metabolic pathways and proteins involved in the cancer progression [39]. 

Advantages of NPs-based cancer treatment over conventional treatment methods 
The prime advantage of the nanoparticles is the targeted administration directly to the metabolic 

pathways of cancer [40] . Intensive research and progress has been made for targeted drug delivery in 

cancers. It is accomplished by either active or passive targeting [41]. Active targeting comprises the 

attachment of nanoparticles to antibodies, peptides, aptamers, and other small molecules, whereas 

passive targeting involves better retention time and permeability [42]. Targeted nanoparticles-based drug 

delivery helps minimizing harms to healthy cells, prevent drug degradation, increases half-life, drug 

loading capacity and solubility [43]. NPs-based cancer treatment provides maintenance of better 

specificity, compatibility with biological systems, reduce toxicity, longer duration of effectiveness, 

regulated medication release, and better drug carrying capacity, overcoming the limitations in the 

conventional chemical methods of cancer treatment [44]. When drugs are encapsulated with NPs, 

anticancer therapies are less likely to be resistant to target cell resistance, i.e. the anticancer drug 

Metformin coupled with NPs is more effective than using Met alone to treat cancer [45]. 

Moreover, target-specific NPs can also be used to regulate the genes involved in the regulation of 

metastasis and have potential to inhibit them [46]. Intravesical delivery of mucoadhesives NPs along with 

Lysine Demthylase 6A (KDM6A-mRNA) could inhibit the metastasis of the bladder cancer [47]. Despite the 

intensive research for cancer therapies using nanoparticles, only a limited number of nano-drugs has been 

created successfully and are in clinical use. These nanoparticles can be typically classified into multiple 

categories shown in (Figure 2) [48]. 
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Figure 2: A range of nanomaterials finds application in the field of cancer treatment. a Nanoparticles. b 

Solid lipid nanoparticles. c. Liposomes d. Nanostructured lipid carriers. e Nanoemulsions. f Graphene. g 

Dendrimers. h Metallic nanoparticles. PEG, poly (ethylene glycol) [48]. 

 

Metabolic Pathways Involved in the Progression of Cancer 
Oncogenes activation and tumor suppressors’ loss have the key role in the promotion of reprogramming 

of the metabolism of cells in cancer [49]. This alteration leads to enhancement in the uptake of nutrients 

that are required to supply energy to pathways of biosynthesis [50]. Solid tumors experience lack of 

nutrients [51]. To overcome this limitation metabolic flexibility is adapted by the cancer cells that help in 

sustainability of growth and survival [52]. Adjustment of metabolic pathways is assumed as the one of the 

major hallmarks of the cancer [53]. Hence it has been the focused area of cancer research over the last 

decade. When nutrients are in abundance, more nutrients are exquisite by cancer signaling pathways to 

facilitate the assimilation of carbon into various macromolecules including proteins, nucleic acids and 

lipids [54][55]. These cellular activities facilitate the growth and multiplication of cells [56]. In oncogenic 

pathways, glucose and glutamine metabolism are reprogrammed consistently by mutations [57]. The 

mutations are evident in Tumor Protein 53, Myc proteins, the Ras-assosiated oncogenes, along with the 

signaling pathways involving PI3 kinase (PI3K) and the upstream kinase liver kinase B1- Activated protein 

kinase (LKB1-AMP) kinase (AMPK), among others as shown in (Figure 3) [58,59]. Oncogenic Ras is 

implicated in the activation of both the glucose uptake via enhanced activity of Glucose transporter 

1(GLUT1) and uptake of glucose uptake with the help of anabolic pathways [60]. Ras also has its key role 

in the regulation of glutamine metabolism where it directs glutamine carbon into such pathways that 

support cell survival and growth [61]. Enhanced MYC expression is involved in the exhibition of multiple 

metabolic effects [62] including enhanced glycolysis [63] enhanced glutamine catabolism [64], enhanced 

mitochondrial biogenesis and enhanced metabolism of glutamine, culminating in assimilation of biomass 

[65]. The convergence of multiple pathways on glutamine and glucose indicates an abundance of these 

nutrients, which then enter the central metabolism [66]. Glutamine also provides its two nitrogen atoms 

for the synthesis of nucleotides, hexosamines and amino acids essential for growth [67]. In a nutshell, 

studies cancer studies reveal that cancer cells bear much more complicated metabolic requirements and 
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multiple pathways complement production of biomass dependent on glutamine and glucose [68]. Some 

of major pathways are discussed here to elaborate how they contribute to cell proliferation and growth. 

Although the blood pressure inside the tumors is low, lymphatic deficiency and leaky blood vessels come 

into play and make the blood serum protein reachable to cancer cells [69]. Ras- driven tumors experience 

maximum number of macropinocytosis which facilitate them to uptake extracellular proteins (ECPs) Fig 

2b [70]. It is also has been observed that in case of nutrient starvation by blocking of mTORC1 signaling 

pathway forces tumor cells exhibit dependency on extracellular macromolecules rather than amino acids 

[71][72]. In an experiment, Phosphatase and tensin homolog (PTEN-deficient prostate cancer cell lines 

and K-Ras driven pancreatic tumors were studied which revealed that AMPK activation and suppression 

of mTORC1 in a state of glucose and amino acid deprivation tumor proliferation is facilitated by clearing 

cellular debris [72]. Cell Biomass is developed facilitated by amino acids from cell debris [73]. Moreover, 

pancreatic ductal adenocarcinoma (PDAC) has the ability to incorporate collagen I and IV via glucose and 

glutamine starvation [73]. PDAC cells degrade the encapsulated collagens taken up by lysosomes for the 

provision of proline [74]. Proline enters the tricarboxylic acid cycle via extracellular signal-regulated kinase 

1/2 pathways, which results in ATP generation and, ultimately, cell viability [75]. In vitro Studies reveals 

that albumin is the main source of nutrients for cancer cell survival [76].   An in vivo study exhibited that 

PDAC cells have the ability to ingest albumin and utilize amino acids generated from albumin in other 

metabolic pathways whereas this property does not belong to normal cells [77] Tumors cells can also 

utilize extracellular lipids for cell proliferation and survival in a state of hypoxia or nutrient limitation [78]. 

For the reproduction of membrane and proliferation cancer cells need extracellular lipids and fatty acids 

[79]. Non-essential fatty acids are produced by tumor cells in normal condition in which oxygen is readily 

available [80]. On the other hand, Ras-driven cancers or hypoxic depend on the scavenging fatty acids 

from tumor microenvironment [81]. Ras-driven cancer cells have the ability to internalize lipids with one 

fatty acid tail to fulfill the requirement of lipid [82]. Cancer cells have a decrease in lipid droplet content 

during periods of famine. Prostate cancer cells lacking PTEN rely on lipids derived from cellular waste [83]. 

Invasive breast tumor in co-culture with obese adipocytes, exhibit increased proliferation and migration 

[84]. When fatty acids from adipocytes are transferred to invasive breast cancer cells, it activates adipose 

triglyceride lipase (AGTL) - induced lipolysis and fatty acid oxidation in mitochondria [85]. 

Recent studies have revealed the role of acetate and enzymes involved in acetate metabolizing in cancer 

cells [86]. Infusion of 13C-glucose and 13C-acetate into mice with orthotropic glioblastomas exhibited that 

both substrates could be oxidized [87]. But, in the blood stream the tumors oxidized at higher rate than 

did the healthy brain tissues in the surrounding [88]. In metastatic brain tumors acetate oxidation was 

observed that proposed that this pathway is a general feature of tumor in the brain [89,90]. Also in gliomas 

and brain metastases extensive acetate oxidation was revealed when similar mixture of 13C-glucose and 

13C-acetate was infused in the human patients [91,92]. To explore the importance of tumor cells 

prolifiration, a mouse model of Acyl-CoA Synthetase Short Chain 2 of deficiency was used [93,94]. These 

ACSS2-deficient embryonic fibroblasts are not able to utilize exogenous acetate for histone acetylation 

and lipogenesis [95]. Moreover, ACSS2 knockout in two models of hepatocellular carcinoma reduces the 

burden of tumor [93,96]. Selective ACSS2 inhibitors development proposed the idea that modulating 

acetate metabolism may lead to strong therapeutic approach in some forms of cancer [97-99]. Keeping in 
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view the significance of above mentioned metabolic pathways of cancer, some key points of metabolism 

in these pathways can be targeted with the help of Nanoparticles to find out potential therapeutic 

approaches of cancer. In this review, application of NPs is explored in different forms of cancer with an 

objective to find out a successful treatment of cancer. 

Application of JX06 Nanoparticles for Targeting Cancer Metabolism 
Diabetes is an illness associated with the appearance of endometrial cancer (EC) incidence and its poor 

detection [100]. But for EC patients with diabetes, there is no effective treatment available [101]. In an 

experimental study, JX06 nanoparticles were applied for targeting cancer metabolism by inhibiting 3-

Phosphoinositide-dependent kinase 1 in combination with Metformin for EC patients with diabetes 

disease. To find out novel therapeutic targets, Ishikawa cell lines were cultured with high glucose 

(IshikawaHG) [102,103]. The condition of IshikawaHG resembles much like hyperglycemia in EC cancer 

with diabetes (EC+/dia+) [104]. It exhibited glucose metabolic reprogramming in IshikawaHG as an 

increased glycolysis level and oxidative phosphorylation reduction was observed. With the development 

of IshikawaHG cell lines, exposure to high-glucose culture promoted the convergence of cancer 

metabolism to glycolysis of EC from oxidative phosphorylation. Moreover, the identified enzyme behind 

the promotion glycolysis of IshikawaHG was pyruvate dehydrogenase kinase 1 (PDK1). Furthermore, a 

novel PDK1 inhibitor, JX06 NPs, in combination with the diabetic drug Metformin (Met), greatly inhibits 

the IshikawaHG proliferation, although Met faces resistance in IshikawaHG cell lines. For encapsulation of 

JX06, a biodegradable polymer that is sensitive to reduction [105] was utilized to develop nanoparticles 

(JX06-NPs) for the delivery of the drug. The in vitro experiment revealed that JX06 Nanoparticles have a 

significant inhibitory effect on patient- derived EC cells (PDC) and the IshikawaHG cell lines than the simple 

use of JX06. In addition, it was also found that JX06-NPs have the capacity to accumulate in the tumor 

proliferation of mice having endometrial cancer with diabetes (miceEC+/dia+) as a result of intravenous 

injection. The results also showed that JX06-NPs in combination with Met have the power to significantly 

inhibit the tumor growth[106] of EC in mice with diabetes. The mass spectrometry- based on proteomic 

screening [107] revealed the 3.3 times higher expression of the key enzyme in glycolysis, PDK1. In the 

state of knockdown of PDK1 using shRNA, significant inhibition of proliferation, glycolysis, invasion, and 

AKT/GSK3𝛽/𝛽-catenin signaling pathway of IshikawaHG was observed. The schematic representation of 

downregulation of PDK1 is shown in (Figure 3) [108]. It confirmed that PDK1 could have a significant role 

in the malignancy of the EC cells activated by high glucose. Inhibition activity of JX06 [109] was 2.5 times 

greater than Met only on IshikawaHG cell lines. Also, the apoptotic rate was higher on Ishikawa HG cell 

lines induced by JX06 based nanoparticles with combined Met [110]. The mechanism of inhibition is 

purposed to be associated with inhibition of the glycol sis pathway and oxidative phosphorylation. Mouse 

models have been established that exhibited promising results. To sum up, the study revealed that JX06-

NPs, when used in combination with Met, have the ability to target the plasticity of cancer metabolism, 

which resulted in the significant inhibition of the proliferation of endometrial cancer. Hence, it put 

forwards a novel adjuvant-based therapy for EC patients with diabetes. The experiment suggests that 

Met, in combination with JX06-NPs, exhibits anticancer effects, and adjuvant treatment for patients 

EC+/dia+ can give promising results for future clinical practices. By combining Met with JX06-NPs, 

outstanding anticancer effects can be achieved. Despite the successful results of in vitro trials, there are 

challenges in the application of JX06 NPs need to be addressed and resolved [110]. 
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Figure 3: Schematic representation of JX06 nanoparticles downregulating the expression of PDK1 enzyme and 

(Met) to target plasticity of cancer as well as glucose metabolism reprogramming for harmonious anticancer 

effects. JX06 was encapsulated to create JX06 NPs with the help of reduction sensitive polymer (P1). These NPs 

were intravenously injected into mice while Met was given orally to mice. Met decrease the blood glucose level 

and stop mitochondrial complex I activity and oxidative phosphorylation. Therefore, JX06-NPs have the ability to 

excrete JX06 after injecting into cancer cells, and reducing the expression of PDK1, which have the potential to 

subsequently inhibit glycolysis. Hence, Met with JX06-NPs could excel the apoptosis of EC and impeding tumor 

growth [108]. 

Targeting hedgehog signaling pathway in prostate cancer cells by pbm nanoparticles 

Prostate cancer (PCa) progression is caused by an alteration in the genome of the tumor growth [111]. 

Treating PCa is a significant problem as multiple challenges include drug resistance, failure of different 

treatments, and numerous molecular and clinical factors [112]. At the molecular level, the abnormal 

hedgehog (Hh) signaling pathway [113] play important role in prostate cancer development. It becomes 

the cause of a more aggressive and drug-resistant form of prostate cancer [114]. In normal and healthy 

cells, a variety of major cellular process including differentiation, development, growth and many others 

are regulating by Hh pathway. Furthermore, Hh play major role in the regeneration and tissue repair [115]. 

Human prostate cancer was found to have elevated expression of components in the Hh pathway, 

including glioma-associated oncogene homolog 1 (GLI-1) and sonic hedgehog (SHH) [116]. Thymoquinone 

(TQ), a natural chemical, was studied for its role in modulating Hh signalling in prostate cancer which was 

analyzed in the study [117]. In a study, planetary ball-milled nanoparticles (PBM-NPs) were generated 

using a natural polysaccharide [118]. It also contains TQ coated with an A10 RNA aptamer [118]. This 
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aptamer's function is to bind to the membrane antigen identified as prostate-specific membrane antigen 

(PSMA) [119]. Docetaxel-resistant C4- 2B-R and LNCaP-R cells were prepared with higher expression of Hh 

and the integration of Hh signaling and drug resistance. A comparative study of the results, shown in 

(Figure 4) [120,121] found that A10-TQ-PBM-NPs were more effective in controlling the Hh pathway 

than free TQ. The study demonstrate that prostate cancer as well as Hh pathways are inhibited with 

the help of NPs based strategy [121]. 

 

 

Figure 4: For 48 hours, PC cells were treated with and without A10-conjugated TQ-NPs and assessment of 

ABCB1 (ATP Binding Cassette Subfamily B Member 1) protein expression by Western blots. Asterisks ** 

represent p values ≤ 0.01. UT: untreated (DTX-resistant); C: control (parent cells) [121]. 

The results showed that Hh signaling inhibition by TQ shows that cancers driven by Hh signaling can be 

treated with natural anticancer compounds. This natural approach is readily available, safe, and 

inexpensive. It was revealed that aptamer-based NPs with natural drugs efficiently reduced the drug 

concentration, bound to a particular target, and unloaded the drug to the specific cancer cells [122]. It 

also reveals that TQ regulate aberrant expression of the Hh pathway molecules in prostate cancer [123]. 

Moreover, the link between drug resistance and the Hh pathway and overexpression of ATP-binding 

cassette transporter genes reversed by TQ also became evident. A new strategy has been developed that 

utilizes aptamer-bound anticancer NPs for treating Hh signaling-driven cancers. 

Application of Nanoparticles to Target mTOR Signaling Pathway 
Serine/threonine kinase mammalian target of rapamycin (mTOR) controls and regulates cell growth and 

proliferation. under normal conditions [124]. In multiple cancers, mutated mTOR overexpression is found, 

and some targets of mTOR kinase signaling [125]. Hence, mTOR signaling has been identified as a potential 

target for anticancer therapy [126]. mTOR targeting inhibitors have more efficient and feasible 

pharmacological profiles than traditional anticancer drugs [127]. Moreover, these Inhibitors are generally 

easy to tolerate. It is important to mention that multiple NPs have shown optimostic ability to modify 

mTOR activity [[128]. The activity of mTOR metabolic pathways is summarized in the (Figure 5) [129]. As 

examples, amino-decorated NPs can consistently decrease mTOR activity while also promoting 

proliferation in leukaemia cell lines [130]. Blocking of mTOR signaling for treatment purpose has shown 
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limited effectiveness [131]. For a varieties of tumors, NPs-based mTOR specific therapies put forward 

potential therapeutic options [132]. However, difficulties and progression are in parallel in the biomedical 

application of NPs [133]. The modification of mTOR activity is thoroughly investigated, the intricacy of 

cellular responses to functional NPs has been shown, and the fundamental obstacles in determining the 

molecular mechanism of the mTOR signaling pathway are discussed [134]. The study suggested potential 

therapeutic targets for cancer in the near future. The idea is proposed that sub cytotoxic doses of NPs 

could be used for inducing subcellular and metabolic alterations within the cell by the involvement of 

mTORC1 signaling [135]. Modulation of mTOR based on the therapeutic pupose of NPs can provide basic 

knowledge that can pave the way for the development of safe and effective NPs-based therapies targeting 

cancer metabolism [136]. 

 

Figure 5: Mammalian target of rapamycin (mTOR) signaling take place on the surface of lysosome. In favorable 

conditions for growth, the activities of Rag (Ras related GTPases) and Rheb (Ras homolog enriched in brain) 

GTPases cause the mTORC1 complex to be recruited and activated. When these inputs are disrupted, 

mTORC1 is inhibited. TSC is an abbreviation for tuberous sclerosis complex, while v-ATPase is an abbreviation 

for vacuolar- type H +-ATPase [129]. 

Suppression of ATP in cancer metabolism via pH activated mitochondria-targeted 

delivery of NPs 
In a study, suppression of ATP in cancer metabolism by Nitric oxide NPs targeting pH-activated 

mitochondria-targeted delivery for metastasis prevention and drug resistance was observed. 

Mitochondria are commonly recognized as the powerhouse of the eukaryotic cells [137]. It has a vital role 

in the progression of tumors and other cancer-related important activities such as initiation, growth, and 

metastasis of cancer cells [138]. In cancer therapy, drug resistance is a major problem [139]. 

Overexpression of the protein P-glycoprotein, which is primarily responsible for this drug resistance and 

cassette of adenosine triphosphate (ATP) transporters on membranes of cancer cells which have the 

potential to continuously pump out the chemotherapeutics [140]. In this experiment, acid-activated 

mitochondria-targeted drug NPs were developed to smooth Nitric oxide delivery [141]. Nitric oxide has 

the starring role of overcoming ATP in cancer metabolism to enhance cancer treatment therapeutic 
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effectiveness [142]. Combining acid-cleavable dimethyl maleic anhydride-modified PEG-linked 

mitochondria- targeting peptide and a-cyclodextrin (a-CD) was successful. These created NPs 

demonstrated better cellular absorption, extracellular tumor pH, and selective mitochondrial targeting, 

as well as an extended blood circulation duration. (6.5). Nitric oxide (NO) induces mitochondria 

dysfunction by enabling mitochondrial permeabilization of membrane and ATP downregulation. whereas 

the creation of tumor-derived macrovesicles for combating drug resistance and cancer spread might 

diminish P-glycoprotein-linked bioactivities. The genetic expression analysis represents that gene involved 

in the drug resistance and by precisely delivering nitric oxide to the mitochondria, metastasis can be tightly 

controlled [142]. It is a novel and pioneering research that acid-activated mitochondria-targeted nitric 

oxide NPs are suggested to be the antitumor and can provide potential insights for a wide range of NO-

relevant cancer treatments [143]. 

Application of BPTES nanoparticles and metformin as combination therapy to target the cancer 

metabolic heterogeneity of cancer in the pancreas 

There is currently no viable treatment for pancreatic cancer [144]. Treatment for pancreatic cancer is 

extremely difficult due to the presence of two different cancer cell populations [145]. For effective tumor 

control, it is necessary to target each group with a particular metabolic inhibitor. Glutamate is used by 

proliferating cells, and NPs containing inhibitors of glutamine metabolism can be efficiently induced to 

target proliferating cells [146]. Hypoxic cells, which divide slowly, are important in the metabolism of 

glucose [143]. Metformin, a medication used to treat diabetes, can be used to target them in an efficient 

manner. There is a need to investigate whether combination therapy can effectively enhance the survival 

of pancreatic cancer patients in clinical trials [147]. Combination therapy will be based on medicines that 

effectively limit the metabolism of glucose and glutamine [148]. Clinical experiments have used 

pharmacological suppression of the glutaminase enzyme to target one of the three major metabolisms of 

glutamine [149]. Although it is novel therapy, the current medications do not guarantee the greatest 

efficacy and safety. An emulsification technique has been employed in a study to encapsulate bis-2-(5- 

phenyl acetamido-1, 2, 4-thiadiazol-2-yl) ethyl sulfide (BPTES). BPTES is a selective and insoluble 

glutaminase enzyme inhibitor in nanoparticles. When compared to BPTES without encapsulation, BPTES 

NPs show improved pharmacokinetics and efficient clinical trials are currently using the glutaminase 

enzyme inhibitor CB-839. Unlike BPTES NPs, which have no such negative effect, it influences the plasma 

levels of liver enzymes. Pancreatic tumors from patients were transplanted into mouse models during the 

study. In these models, treatment with BPTES NPs significantly inhibits tumor growth. It was discovered 

that glutaminase inhibition, when applied in vivo with the HypoxCR reporter, inhibited tumor growth by 

concentrating on cancer cells that were actively reproducing. The hypoxic non-cycling cells were 

unaffected, though (Figure 6) from the metabolomics study illustrates how glycolysis and glycogen 

synthesis were necessary for the survival of cells after glutaminase enzyme inhibition [149]. These results 

led to the use of metformin and BPTES nanoparticles for combination therapy. Compared to the treatment 

alone, it caused a very large reduction in pancreatic cancer cases. Thus, a unique approach for treating 

pancreatic cancer involves targeting several cancer metabolic pathways, including glucose metabolism 

using nanoparticle-based medication delivery [149]. 
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Figure 6: Tumors from mice given BPTES-NPs were subjected to metabolomics analysis. (A-C, Top) The orange 

titles represent the 1 H13C NMR spectra of lactate generated from labeled glucose or glutamine as well as 13C- 

labeled glutamine, glucose, and lactate. Each 1 H peak originated from protons that were firmly bound to 13C, 

and the peak designation designates the 13C. (4) (A-C, Bottom) Relative peak intensities of [13C] glutamine (A), 

[13C] glucose (and isomers) (B), and [13C] lactate (C) overall isotopomers normalized by tumor wet weight. (D) 

Ratio of lactate to glucose in tumors of mice given either blank-NPs (blue bars) or BPTES-NPs (red bars) [146]. 

Challenges and future perspectives in clinical applications of nanoparticles-based cancer 
treatments 
Knowledge and research in nanotechnology have hiked in recent years. But the rate of translating 

nanotechnology into clinical trials is still limited [149]. Only a few clinical trials could become successful 

whereas most of them could not cross the in vivo and in vitro stages [150]. Each NP- based cancer 

treatment has distinct challenges in its clinical translation, but most nanoparticle formulations face similar 

challenges [151]. These challenges can be either biological, technological, or study-design related. In 

biological challenges, the major challenges include an absence of routes of administration NPs, their 

unstable biodistribution, degradation, and toxicity [152]. Nanoparticles are intravenously injected directly 

into blood which makes it challenging to stay and interact with the target sites. Magnetic NPs can be used 

as an alternative for the controlled delivery of the NPs but the effects of magnetic fields on the human 

body are still to be explored and researched [153]. Introducing NPs into the human body requires a lot of 

focus and care. Although NPs are made as per standards of safety and modified to increase the half-life 

and retention time, there is the risk of lung, kidney, and liver damage [154]. Some studies have shown 

high deposition of NPs in the lungs along with inflammatory and cytotoxic effects. Factors that affect 

toxicity include particle size, shape, surface area, solubility, and agglomeration [155]. Research has 

revealed that NPs could also be the cause of the generation of free radicals that ultimately damage healthy 

cells [156]. To overcome this challenge, there is a need for more biocompatible substances, such as 
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chitosan, that can disintegrate after infrared light irradiation [157]. The mononuclear phagocytic system 

(MPS) is yet another significant obstacle to the use of NPs in the treatment of cancer [158]. NPs adsorb 

proteins to produce plasma cells. These plasma cells target MPS for the uptake of NPS [159]. In some 

experiments, NPs were coated with materials that inhibit the synthesis of the protein to avoid escaping 

the MPS system, but the results were not significant [160]. With adequate research and experimental 

investigations, designing NPs that target macrophages can be utilized as a substitute [161]. Currently, 

tactics include blocking CD47-SIRP pathways, preventing macrophage recruitment, reprogramming and 

eliminating tumor-associated macrophages (TAMs), and reducing TAMs [162]. Scaled-up synthesis of NPs, 

optimization and performance prediction of NPs are technological challenges that are acting as hurdles in 

the translation of NPs into clinical trials [163]. The NPs being used in in vivo and in vitro studies are majorly 

produced in minor batches as high quantity production is not constantly feasible due to certain factors 

[164]. Hence, the best animals are not systematically designed and optimized. To curtail this challenge, 

nanoformulations can be tested by selective iterations for a single optimized formulation [165]. It should 

be first tested in animal models before introducing to human beings. Furthermore, the prediction of NP's 

efficacy and performance in human trials is a tough task. For this, computational and theoretical modeling 

along with experimental results can be designed to emulate physiological tissues and surroundings [166]. 

For instance, organs-on-chips technology can be utilized for the improvement in the prediction and 

efficacy of NPs performance [167]. Moreover, The inability of successful NP-based clinical studies is 

significantly attributed to problems with study design [168]. Size and timing of NPs therapy are two 

difficulties in study design. The majority of the experimental studies of NPs use animal and cell models. In 

human trials, it might not produce believable results [169]. Additionally, as metastasis is a crucial 

characteristic of tumors, there is a need for adequate study on cancer metastasis models [170]. When 

developing NP-based cancer therapeutics, genetic, prior medical history, and environmental factors must 

be taken into account [171]. Drug resistance is still another significant obstacle to NPs-based cancer 

therapy. Many nanoformulations are approved for use but never used as first-line therapies but are saved 

for further treatments on the stages of cancer where progression is found in the clinical trials scenario. 

The patients have been either treated with multiple lines of therapy or have developed drug resistance 

[172]. These challenges become the reason for fewer chances of success of NPs-based treatments for 

cancer. 

 

Conclusions 
For cancer experts, cancers have become a significant concern because they claim a lot of lives and show 

resistance to cancer treatment methods. Cancer is very challenging to treat because, for example, cancer 

cells are multidrug-resistant, relapse, and metastatic. In several branches of science and technology, 

nanotechnology, which is still in its infancy, has proven to assist. The potential of NPs for cancer therapy 

has also been studied by researchers who specialize in cancer. Researchers have looked at and studied 

several cancer cures using nanoparticles. All nano-based treatments target cancer metabolic pathways to 

curtail the uncontrolled growth of tumor cells. Numerous strategies have been applied, studied, and 

analyzed, such as encapsulating drugs with NPs, targeting glucose metabolism in tumor cells, enzyme-

responsible for cancer metabolism, and many others. All these cancer-treating strategies came out with 

promising results and opened the gates of potential future perspectives regarding cancer therapies. 
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Studies showed that NPs-based cancer therapies ensure more efficiency in drug delivery, efficacy, and 

stability. Furthermore, NP-based treatments are easily accessible, inexpensive, and have few long-term 

negative effects. The FDA has approved several Nanomedicines that are successfully giving cancer patients 

new leases of life. NPs-based cancer therapeutics still need a lot of development to be effective in clinical 

settings. Animal models like mice are used for the majority of investigations, with good results. The 

encouraging findings encourage researchers studying cancer to continue investigating various NP types, 

their therapeutic potential for focusing on cancer metabolism, problems they may face, and solutions to 

those challenges. 
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