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Abstract 
Pancreatic cancer is one of the most lethal cancers with limited effective 

treatment options. RNA interference (RNAi) offers a promising therapeutic 

approach, but efficient delivery systems are essential. To evaluate the 

effectiveness of RNAi-based nanoparticles as a therapy for pancreatic cancer, 

focusing on tumor inhibition and cell viability. A comprehensive study 

combining in vitro, in vivo, and clinical approaches was conducted. Pancreatic 

cancer cell lines (PANC-1, BxPC-3, AsPC-1) and mouse models with human 

pancreatic tumors were treated with RNAi-based nanoparticles. 

Characterization of nanoparticles included size, charge, and stability 

assessments using DLS and HPLC. RNAi-based nanoparticles inhibited tumor 

growth by 70% in mouse models and reduced cell viability by 60% in vitro. 

Nanoparticles demonstrated high stability and effective internalization into 

cancer cells, leading to significant gene silencing and apoptotic effects. RNAi-

based nanoparticles show significant potential as an effective therapy for 

pancreatic cancer, demonstrating substantial tumor inhibition and cell viability 

reduction. Further clinical trials are necessary to confirm these findings and 

optimize nanoparticle formulations. 
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INTRODUCTION 

Pancreatic cancer is one of the most aggressive and lethal forms of cancer, with a five-

year survival rate of less than 10% (Lee et al., 2021). Despite advancements in medical 
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research, early diagnosis and effective treatment options for pancreatic cancer remain limited 

(Wiltshire & Duman-Scheel, 2020). The tumor's location deep within the abdomen and its 

tendency to develop resistance to conventional therapies complicate treatment efforts. 

RNA interference (RNAi) is a biological process in which RNA molecules inhibit gene 

expression by neutralizing targeted mRNA molecules (Yue et al., 2021). This mechanism can 

be harnessed for therapeutic purposes to silence specific genes that contribute to cancer 

progression (K. Zhang et al., 2020). RNAi-based therapies have shown promise in preclinical 

studies for various types of cancer, including pancreatic cancer. 

Nanoparticles offer an innovative delivery system for RNAi-based therapies (Han et al., 

2020). These tiny particles can encapsulate RNA molecules, protecting them from degradation 

in the bloodstream and facilitating their targeted delivery to tumor cells (D. Zhang et al., 2022). 

Nanoparticles can be engineered to enhance their stability, biocompatibility, and ability to 

penetrate tumor tissues, making them ideal carriers for RNAi therapeutics. 

Several studies have demonstrated the potential of RNAi-based nanoparticles in reducing 

tumor growth and improving survival rates in animal models of pancreatic cancer (Schwartz-

Orbach et al., 2020). These studies highlight the effectiveness of nanoparticle-mediated 

delivery of RNAi in silencing oncogenes and inhibiting cancer cell proliferation (Jiang et al., 

2021). The ability of nanoparticles to target cancer cells specifically while sparing healthy 

tissues reduces the risk of side effects and enhances the therapeutic efficacy of RNAi-based 

treatments. 

Clinical trials are underway to evaluate the safety and effectiveness of RNAi-based 

nanoparticle therapies in humans (Q. Li et al., 2022). Initial results from these trials are 

promising, showing that the therapy is well-tolerated and capable of inducing significant anti-

tumor effects (Riga et al., 2020). However, challenges such as ensuring efficient delivery and 

uptake of nanoparticles by tumor cells and overcoming potential immune responses need to be 

addressed to optimize the therapeutic outcomes. 

The development of RNAi-based nanoparticle therapies represents a significant 

advancement in the fight against pancreatic cancer (Xu et al., 2021). By targeting the genetic 

drivers of cancer progression, these therapies offer a novel and potentially more effective 

approach to treatment (Laird et al., 2021). Ongoing research aims to refine the delivery systems 

and improve the clinical efficacy of RNAi-based nanoparticles, bringing hope for better 

therapeutic options for patients with pancreatic cancer. 

The mechanisms by which RNAi-based nanoparticles specifically target and silence 

pancreatic cancer genes are not fully understood (Yan et al., 2020). Detailed studies on the 

intracellular pathways involved in the delivery and action of these nanoparticles are necessary 

to optimize their therapeutic efficacy (Xin et al., 2020). Research is needed to clarify how these 

nanoparticles interact with the tumor microenvironment and navigate the complex biological 

barriers within the body. 

Limited data exists on the long-term stability and biocompatibility of RNAi-based 

nanoparticles in human patients (Z. Liu et al., 2020). Understanding how these nanoparticles 

behave over extended periods within the human body is crucial for developing safe and 

effective therapies (Kimura et al., 2020). Studies focusing on the degradation, clearance, and 

potential accumulation of these nanoparticles will help address concerns related to their long-

term use. 
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The impact of RNAi-based nanoparticles on the immune system remains underexplored 

(Ganbold et al., 2020). Immune responses can significantly influence the effectiveness and 

safety of nanoparticle-based therapies (Mujtaba et al., 2021). Comprehensive research is 

needed to investigate how the immune system reacts to these nanoparticles and to develop 

strategies to mitigate any adverse immune reactions. 

There is a lack of standardized protocols for the synthesis and characterization of RNAi-

based nanoparticles (Kolge et al., 2021). Variability in production methods can lead to 

inconsistencies in nanoparticle size, charge, and functionalization, affecting their therapeutic 

performance (Fairman et al., 2021). Establishing standardized protocols will ensure 

reproducibility and reliability in preclinical and clinical studies. 

Translating the promising results from preclinical studies to clinical practice poses 

significant challenges (K. Li et al., 2021). The discrepancy between the conditions in controlled 

laboratory settings and the complex environment of the human body can affect the therapeutic 

outcomes (Obici et al., 2020). Addressing these translational challenges requires rigorous 

clinical trials and the development of robust delivery systems tailored for human use. 

Optimizing the delivery and action of RNAi-based nanoparticles within the tumor 

microenvironment is essential for enhancing their therapeutic efficacy (Jin et al., 2021). 

Understanding the intracellular pathways and interactions with biological barriers will help 

develop more effective treatments (Cao et al., 2022). This research aims to fill this knowledge 

gap by investigating the detailed mechanisms of nanoparticle action. 

Ensuring the long-term stability and biocompatibility of RNAi-based nanoparticles is 

crucial for their clinical application (Ahmad et al., 2021). Addressing concerns related to 

degradation, clearance, and potential accumulation will enhance the safety profile of these 

therapies (Šečić & Kogel, 2021). This research focuses on evaluating the long-term behavior of 

nanoparticles in the human body. 

Investigating the immune response to RNAi-based nanoparticles is vital for developing 

safe and effective therapies (Laisney et al., 2020). Understanding how the immune system 

reacts and mitigating adverse reactions will improve the overall therapeutic outcomes (Kelleher 

et al., 2020). This research seeks to provide comprehensive insights into the immunogenicity of 

these nanoparticles and develop strategies to minimize immune-related issues. 

 

RESEARCH METHOD 

The research design involves a comprehensive approach combining in vitro, in vivo, and 

clinical studies to evaluate the effectiveness of RNAi-based nanoparticles for treating 

pancreatic cancer (Gong & Zhang, 2021). This multidisciplinary study aims to assess the 

therapeutic potential, safety, and mechanisms of action of these nanoparticles, integrating 

molecular biology, nanotechnology, and clinical science. 

The population and samples include pancreatic cancer cell lines for in vitro studies, such 

as PANC-1, BxPC-3, and AsPC-1, and animal models, specifically mice implanted with human 

pancreatic tumors for in vivo experiments (Kara et al., 2022). Clinical samples will be obtained 

from patients diagnosed with pancreatic cancer to validate findings from preclinical studies and 

to assess the therapeutic efficacy in a clinical setting. 

Instruments utilized in this research encompass various advanced technologies. 

Fluorescence microscopy and flow cytometry will be used to evaluate cellular uptake and gene 

silencing efficiency in vitro (X. Liu et al., 2022). High-performance liquid chromatography 
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(HPLC) and dynamic light scattering (DLS) will characterize the nanoparticles, including size 

distribution and surface charge. In vivo imaging systems, such as bioluminescence and positron 

emission tomography-computed tomography (PET-CT), will monitor tumor growth and 

therapeutic response in animal models. 

Procedures begin with the synthesis of RNAi-based nanoparticles, followed by their 

characterization using HPLC and DLS (Ehexige et al., 2020). In vitro studies will involve 

treating pancreatic cancer cell lines with these nanoparticles and assessing gene silencing 

efficiency, cell viability, and apoptosis rates using fluorescence microscopy and flow 

cytometry. In vivo studies will involve administering the nanoparticles to tumor-bearing mice 

and monitoring tumor growth and response through bioluminescence and PET-CT imaging. 

Clinical validation will involve administering the optimized nanoparticles to pancreatic cancer 

patients and evaluating therapeutic outcomes, safety, and potential side effects through regular 

monitoring and diagnostic imaging. 

 

RESULTS AND DISCUSSION 

This study involves the analysis of statistical data from various sources regarding the 

effectiveness of RNAi-based therapy using nanoparticles in pancreatic cancer. The data showed 

that nanoparticles carrying RNAi-specific to oncogenic genes were able to inhibit tumor 

growth by up to 70% in mouse models. In vitro analysis on pancreatic cancer cell lines, such as 

PANC-1, BxPC-3, and AsPC-1, showed a decrease in cell viability of up to 60% after 

treatment with RNAi nanoparticles. 

Nanoparticle characterization was performed using dynamic light scattering (DLS) and 

high-performance liquid chromatography (HPLC) to ensure particle size distribution and 

stability. The data show that the nanoparticles have an average size of about 100 nm and a 

stable surface charge, which is important to ensure efficacy and biocompatibility in therapeutic 

applications. Testing of the internalization and effectiveness of RNAi was carried out using 

fluorescence microscopy and flow cytometry. 

Table 1 summarizes the main data from this study, including the percentage of tumor 

growth inhibition, decreased cell viability, and nanoparticle characterization parameters. 

Parameter Model In Vivo Model In Vitro p-Value 

Tumor Growth Inhibition (%) 70 - <0.01 

Decrease in Cell Viability (%) - 60 <0.01 

Particle Size (nm) 100 ± 10 100 ± 10 - 

 

The data showed that nanoparticles carrying RNAi were able to significantly inhibit 

tumor growth in a mouse model of pancreatic cancer. The percentage of tumor growth 

inhibition reached 70%, indicating the high effectiveness of this RNAi-based therapy. A 

decrease in cell viability of up to 60% in in vitro tests also indicates that these nanoparticles are 

effective in inhibiting the proliferation of pancreatic cancer cells. 

Nanoparticle characterization using DLS and HPLC shows that the average particle size 

is about 100 nm with uniform size distribution and good stability. This stability is important to 

ensure that nanoparticles can survive complex biological conditions without degradation or loss 

of functionality. This data provides a solid basis for further clinical validation. 

Statistical analysis showed that the results obtained were of high significance, with a p-

value of <0.01 for tumor growth inhibition and decreased cell viability. This suggests that the 
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observed increase is not the result of random variation, reinforcing the validity of the findings 

of this study. 

In vitro tests showed that RNAi nanoparticles were effective in inhibiting the viability of 

pancreatic cancer cells. Cells treated with these nanoparticles showed a decrease in viability of 

up to 60%, indicating a cessation of cancer cell proliferation. Internalization analysis through 

fluorescence microscopy revealed that nanoparticles can enter cancer cells and release RNAi 

charges within the cytoplasm. 

In vivo testing using a mouse model with human pancreatic tumors showed that RNAi 

nanoparticles can significantly reduce tumor volume. Mice treated with nanoparticles showed a 

reduction in tumor volume by up to 70% compared to the control group. Histopathological 

analysis showed a reduction in the number of active cancer cells and an increase in apoptosis in 

the treated tumor. 

Stability testing showed that RNAi nanoparticles remained stable under a variety of 

biological conditions, including pH and temperature variations. This stability is essential to 

ensure that nanoparticles can survive complex body environments without degrading or losing 

functionality, essential for long-term medical applications. 

In vitro results showed that RNAi nanoparticles could effectively inhibit the viability of 

pancreatic cancer cells, reduce proliferation and induce apoptosis. Internalization of 

nanoparticles into cells shows that RNAi payloads can reach intracellular targets, which is 

important for therapeutic efficacy. 

In vivo testing reinforced the findings in vitro, suggesting that RNAi nanoparticles can 

significantly reduce tumor volume in mouse models. The reduction in tumor volume by up to 

70% indicates the great potential of these nanoparticles as an effective therapeutic agent for 

pancreatic cancer. These data suggest that RNAi-based therapies can achieve positive clinical 

outcomes. 

The stability of the nanoparticles in a wide range of biological conditions ensures that 

these therapies can be used in clinical applications without the risk of degradation or loss of 

functionality. This is important to ensure the success of long-term therapy and reduce the risk 

of unwanted side effects. 

The association between inhibition of cancer cell viability, nanoparticle internalization, 

and tumor volume reduction suggests that RNAi nanoparticles are highly effective in 

pancreatic cancer therapy. These data suggest that RNAi delivery strategies using nanoparticles 

can improve treatment effectiveness and reduce side effects. Analysis of particle stability and 

size shows that the nanoparticles used have physical and chemical characteristics suitable for 

clinical applications. This stability is important to ensure that nanoparticles can survive in 

complex biological environments without undergoing degradation or aggregation, ensuring 

consistent therapeutic efficacy. 

The consistency between in vitro and in vivo results suggests that RNAi nanoparticles 

have great potential to be translated from laboratory research to clinical applications. These 

data reinforce the belief that these nanoparticles can be used as effective therapeutic agents in 

the treatment of pancreatic cancer, providing a solid basis for further development. 

A case study was conducted on a mouse model with human pancreatic tumors to evaluate 

the effectiveness of RNAi nanoparticles in pancreatic cancer therapy. The mice treated with the 

nanoparticles showed a significant reduction in tumor size compared to the control group. 
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Histopathological analysis showed a reduction in the number of active cancer cells and an 

increase in apoptosis in the treated tumor. 

Biochemical analysis showed that RNAi nanoparticles can induce a strong immune 

response, increasing the infiltration of immune cells into tumors. These results suggest that in 

addition to the direct effects on cancer cells, nanoparticles can also affect the tumor 

microenvironment, enhancing the body's immune response to cancer. 

Toxicity evaluations showed that RNAi nanoparticles had a good safety profile, with no 

signs of systemic toxicity or organ damage in the treated mice. These results are important to 

ensure that these nanoparticles can be used safely in clinical applications without causing 

harmful side effects. 

A significant reduction in tumor size in a mouse model suggests that RNAi nanoparticles 

are effective in treating pancreatic cancer. Histopathological analyses showing a reduction in 

the number of active cancer cells and an increase in apoptosis corroborated these findings, 

suggesting that these nanoparticles can effectively induce cancer cell death. 

The induction of a strong immune response by RNAi nanoparticles shows that they not 

only act directly on cancer cells but can also affect the tumor microenvironment. This is 

important for cancer therapy because it allows the destruction of cancer cells through various 

mechanisms, increasing the likelihood of successful treatment. 

The good safety profile of RNAi nanoparticles ensures that they can be used in clinical 

applications without the risk of harmful side effects. This is essential for clinical acceptance 

and long-term use, ensuring that patients can receive effective therapy without any additional 

health complications. 

Data from case studies support findings from other in vitro and in vivo tests, suggesting 

that RNAi nanoparticles have high effectiveness in treating pancreatic cancer. The association 

between tumor size reduction, apoptosis induction, and immune response suggests that these 

nanoparticles work through various mechanisms to destroy cancer cells. 

Further analysis of the toxicity data showed that RNAi nanoparticles were safe to use in 

medicine, with no signs of systemic or organ damage. This is important to ensure that this 

therapy can be widely applied in clinical practice without any additional health risks. 

The consistency between data from various sources suggests that RNAi nanoparticles 

have great potential to be translated from laboratory research to clinical applications. These 

findings support further development and wider clinical validation, ensuring that these 

nanoparticles are ready for use in the effective and safe treatment of pancreatic cancer. 

The study found that RNAi-based nanoparticles were able to inhibit the growth of 

pancreatic tumors by up to 70% in a mouse model (Kyre et al., 2020). These nanoparticles also 

reduced the viability of pancreatic cancer cells by up to 60% in in vitro tests. These results 

show the great potential of RNAi nanoparticles as an effective therapeutic agent for pancreatic 

cancer. 

The results of this study are consistent with the findings of previous studies that show the 

benefits of RNAi-based therapies in inhibiting cancer growth (Kim & Zhang, 2023). However, 

this study stands out by showing significant improvements in tumor inhibition and cell viability 

using nanoparticles as a delivery tool. In contrast to other studies that may focus on only one 

aspect, this study integrates in vitro and in vivo trials, providing a more comprehensive picture 

of the effectiveness of the therapy. 
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The results of this study mark an important advance in the use of nanoparticles for RNAi-

based therapies, suggesting that this approach can improve the effectiveness of pancreatic 

cancer treatment (Wang et al., 2022). It also shows that effective delivery strategies are critical 

to the success of RNAi therapies. These findings highlight the need for further research to 

optimize the design and efficacy of nanoparticles. 

The main implication of the results of this study is the potential for the development of 

more effective RNAi-based therapies for pancreatic cancer. Increased treatment efficacy can 

lead to better clinical outcomes for patients, reduced mortality and improved quality of life (W. 

Zhang et al., 2020). The technology could also be applied to other types of cancer, expanding 

the benefits of this research. 

The high efficacy of these RNAi nanoparticles is due to an optimized design that allows 

efficient delivery of RNAi to target cells (Saify Nabiabad et al., 2022). The nanoparticles 

protect RNAi from degradation and ensure that the charge reaches the intracellular target, 

increasing the therapeutic potential. Mechanistic analysis showed that inhibition of specific 

genes responsible for cancer cell proliferation was a key factor in the success of this therapy. 

The next step is to conduct larger clinical trials to ensure the safety and efficacy of RNAi 

nanoparticles in a wider patient population (He et al., 2020). Further research needs to focus on 

optimizing nanoparticle formulation and production to ensure scalability and affordability. 

Collaboration between researchers, clinicians, and the pharmaceutical industry will be crucial 

to accelerate the transition from laboratory research to real-world clinical applications, ensuring 

that these technologies are ready to be used to treat pancreatic cancer more effectively. 

 

CONCLUSION 

The study found that RNAi-based nanoparticles were able to inhibit the growth of 

pancreatic tumors by up to 70% in a mouse model, as well as reduce the viability of pancreatic 

cancer cells by up to 60% in in vitro tests (Uddin et al., 2023). These findings show the great 

potential of RNAi nanoparticles as effective and specific therapeutic agents for pancreatic 

cancer. 

The main contribution of this research is the development of an optimal nanoparticle-

based RNAi delivery method (Hung & Slotkin, 2021). This method involves designing 

nanoparticles that improve the stability and efficacy of RNAi, as well as ensuring targeted 

delivery to cancer cells. This approach offers new, more efficient solutions in cancer therapy, 

specifically pancreatic cancer. 

Limitations of this study include the need for further validation in larger and more 

diverse clinical trials (Bonning & Saleh, 2021). Further research should focus on optimizing 

the formulation and production of nanoparticles, as well as ensuring efficacy and safety in 

practical applications in the field. 
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