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Abstract: The purpose of this study is to construct a multi-drug delivery, dual anti-tumor,
active targeting and drug control. The invention relates to a mesoporous silicon nano
material (MSN) -nucleic acid nano drug delivery system with integrated release function, to
explore its inhibitory activity and mechanism on osteosarcoma. Firstly, mesoporous silicon
nanomaterials (MSN) were synthesized, and PDK inhibitors and shRNA were introduced
into MSN. Then, aptamers were designed to achieve active targeting of tumor cells and
controlled release of drugs. Next, through cellular uptake experiments and active targeting
evaluation, the active targeting of the MSN-aptamer nanodrug system to tumor cells was
determined. Through cell activity and proliferation inhibition experiments, apoptosis and
cell cycle analysis, and cell migration and invasion ability analysis, the dual anti-tumor
activity of drug system chemistry and gene therapy was determined. Finally, the antitumor
effect and toxicity of the drug system were evaluated in animal experiments. The
MSN-nucleic acid nanocarrier system was successfully constructed and characterized.
Through active targeting evaluation, the active targeting of the MSN-aptamer nano-drug
system to tumor cells was confirmed. The drug system shows anti-tumor activity by
inhibiting cell proliferation, inducing cell apoptosis and cell cycle analysis. And the
experiments of inhibiting cell migration and invasion ability prove the dual anti-tumor
activity of the drug system. The results of animal experiments showed the anti-tumor effect
of the drug system and evaluated its toxicity. The MSN-ribonucleic acid nano-drug delivery
system has the potential to be used in anti-tumor therapy. The MSN-aptamer nano-drug
system achieves the targeting effect on tumor cells through an active targeting mechanism.
Multiple mechanisms may be involved in the dual antitumor activities of drug systems. The
results of animal experiments show the anti-tumor effect of the drug system and its
potential in clinical application.
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1 Introduction

Osteosarcoma is a highly aggressive bone marrow malignancy that is most common in children
and adolescents. At present, there are still great challenges in the treatment of osteosarcoma.
Traditional treatment methods such as surgical resection, chemotherapy and radiotherapy are not
ideal for the treatment of advanced cases. And is often accompany by many side effects. Therefore,
it is urgent to find new treatment methods and strategies.

In recent years, the application of nanotechnology in cancer therapy has attracted much attention.
Nanomaterials with large specific surface area and highly controllable physical and chemical
properties can be used for drug delivery and controlled release. Mesoporous silicon nanomaterials
(MSN), as an important nano-carrier, have adjustable pore size and surface activity. Can effectively
load the medicine and realize the controlled release, thereby improving the curative effect of the
medicine and reducing the side effect. PDK inhibitors are a class of compounds with anti-tumor
activity, which can inhibit the proliferation of tumor cells and induce apoptosis. ShRNA is a kind of
interference RNA, which can achieve gene silencing and suppression by specifically targeting the
MRNA of genes. Therefore, the combination of PDK inhibitors and shRNA in the treatment of
osteosarcoma is expected to improve the therapeutic effect and reduce the side effects.

In this study, we will construct a MSN-core with multiple drug delivery, dual anti-tumor, active
targeting and drug controlled release functions. Acidic nano drug delivery system, and explore its
inhibitory activity and mechanism of action on osteosarcoma. To provide new ideas and strategies
for the treatment of osteosarcoma, and bring new hope for clinical treatment.

2 Materials and Methods
2.1 Construction of MSN-Nucleic Acid Nanoparticle Drug Delivery System

Mesoporous silicon nanomaterial (MSN) is a kind of nano-carrier with adjustable pore size and
surface activity. It has a large specific surface area and highly controllable physical and chemical
properties. In this study, Through a series of methods, we have successfully constructed a drug
delivery system with multiple drug delivery, dual anti-tumor, active targeting and drug controlled
release functions. An integrated MSN-nucleic acid nano drug delivery system. The specific
construction method is as follows:

1) Mesoporous silicon nanomaterials (MSN) were prepared by synthesis method. Specifically,
we use a silicon source and a templating agent, through a sol-gel method or a silane coupling agent
method, And controlling the reaction conditions to synthesize the silicon nano material with the
mesoporous structure. By adjusting the parameters such as reaction temperature, pH value and
reaction time, we prepared MSNs with appropriate pore size and surface properties.

2) Introduction of PDK inhibitor and shRNA into MSN. First, we dissolved the PDK inhibitor in
a suitable solvent and blended it with MSN. The PDK inhibitor is adsorbed on the MSN surface by
electrostatic interaction or chemical bond formation. At the same time, we use electrostatic
interaction or chemical bonding methods to bind shRNA to MSN. Through this method, we
successfully embedded PDK inhibitors and ShRNA into MSN, and achieved multiple drug delivery.

3) Designing an aptamer, wherein the aptamer has the ability of specifically binding to a receptor
on the surface of a tumor cell. We modified the aptamer on the surface of MSN to make it have the
specificity to interact with tumor cells. Through the guidance of aptamers, MSN can target tumor
cells more accurately and improve the local concentration and effect of drugs.

4) The release rate of drugs was controlled by the pore structure and special surface properties of
MSN. By adjusting the pore size and the surface modification of the MSN and the physical and
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chemical properties of the drug, Can realize the slow release of the medicine under proper
conditions, thereby improving the curative effect and the durability of the medicine.

2.2 Determination of Active Targeting of MSN-aptamer Nanodrug System to Tumor Cells

In order to determine the active targeting of the MSN-aptamer nano-drug system to tumor cells,
We use a series of methods and parameters to evaluate the targeting effect. The method used in this
paper is as follows:

1) Selection of a specific aptamer with high affinity for tumor cell surface receptors. Choose
CD99 or EWS-FLI1 for this article.The selection of aptamers should be based on the intensive
study of tumor cell surface receptors to ensure their high specificity and affinity.

2) A series of in vitro experiments were performed to evaluate the binding ability of
aptamer-modified MSN to tumor cells. Aptamer-modified MSNs were co-cultured with tumor cells
and observed for binding using microscopy or flow cytometry. In the cellular uptake assay, the
aptamer-modified MSN was co-cultured with tumor cells for a period of time. Intracellular uptake
of nanoparticles was observed and quantified by microscopy or flow cytometry. Competition
binding experiments are based on the addition of excessive free aptamers to compete for binding
sites.To assess the specificity of the binding of aptamer-modified MSN to tumor cells.

3) Quantitative methods are used to evaluate the targeting effect. Aptamer-modified MSNs on
the cell surface were quantitatively analyzed using flow cytometry or fluorescence microscopy. By
counting the number of nanoparticles bound to the cell surface, quantitative targeting effect data can
be obtained.

4) Using a mouse osteosarcoma model, injecting the aptamer-modified fluorescent-labeled
nanoparticles into a mouse through a tail vein, Fluorescence imaging technology was used to
observe the distribution of nanoparticles in vivo. Assess the targeting of the MSN-aptamer
nanomedicine system by quantitatively analyzing the degree of nanoparticle accumulation in tumor
tissues.

2.3 Determination of Dual Antitumor Activity of Drug System Chemistry and Gene Therapy

In order to determine the activity and mechanism of mesoporous silicon nanomaterials (MSN)
targeted delivery of PDK inhibitors and shRNA dual therapy in inhibiting osteosarcoma, this paper
adopts the following methods to determine:

1) For PDK inhibitor, MTT cell proliferation kit was used to evaluate its inhibitory effect on
osteosarcoma cells. After osteosarcoma cells were treated with PDK inhibitors at different
concentrations for a period of time, Activity was assessed by measuring cell viability or cell
proliferation. For example, the inhibitory effect of a PDK inhibitor can be evaluated by determining
the 1C50 value, i.e., the concentration of the drug that inhibits 50% of cell proliferation.

2) For the shRNA gene therapy, the expression level of the target gene is measured by a method
such as real-time quantitative PCR or Western blot, the inhibitory effect of ShRNA was evaluated.
Specific primers were designed to detect mMRNA levels of specific genes in osteosarcoma cells using
real-time quantitative PCR. Western blot was used to analyze the expression level of the target gene
protein, and the inhibitory effect of ShRNA was further verified.

3) Assess the cytotoxic effect of the drug system on osteosarcoma cells in vitro. First,
osteosarcoma cells were co-cultured with different concentrations of PDK inhibitor and shRNA in
vitro. Cell viability and apoptosis rate were measured by MTT assay and CCK-8 cell apoptosis
assay. By comparing the cytotoxic effects of PDK inhibitors alone or shRNA in combination with
drug systems, Dual anti-tumor activity can be assessed.
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4) Assess the regulatory effect of the drug system on the osteosarcoma cell cycle by cell cycle
analysis. The distribution of cell cycle can be obtained by staining the cells and measuring the DNA
content by flow cytometry. By comparing the cell cycle distribution of the drug system treatment
group and the control group, the regulatory effect of the drug system on the cell cycle can be
evaluated.

2.4 Evaluation of Anti-Tumor Effect and Toxicity in Animal Test

To evaluate the antitumor effect and toxicity of mesoporous silicon nanomaterials (MSN)
targeted delivery of PDK inhibitor and shRNA dual therapy in inhibiting osteosarcoma. In this
paper, the following methods and indicators are used for evaluation:

1) Mouse osteosarcoma model was used to evaluate the anti-tumor effect of mesoporous silicon
nanomaterials targeted delivery of PDK inhibitors and shRNA dual therapy. In this model,
osteosarcoma cells are implanted into mice and then treated, usually by injecting a drug system
through the tail vein. Next, we can use the following methods to evaluate the anti-tumor effect.

2) Counting the tumor growth inhibition rate by measuring the tumor volume or body weight of
the treatment group and the control group, The tumor growth inhibition rate of the treatment group
was calculated to evaluate the inhibitory effect of the drug system on tumor growth. The calculation
formula of inhibition rate was: inhibition rate = (1-tumor volume of treatment group/tumor volume
of control group) ><100%.

3) Carrying out survival rate analysis, namely drawing a survival curve by recording the survival
condition and the survival time of the animals, Assess the effect of the drug system on animal
survival. Commonly used measures include median survival time (Median Survival Time, MST)
and survival rate.

) immunohistochemical analysis: by use an immunohistochemical staining method, Detecting the
expression levels of cell proliferation markers such as Ki67 and apoptosis markers such as Cleaved
Caspase-3 in tumor tissues, To assess the antiproliferative and apoptosis-inducing effects of the
treatment.

2.5 Statistical Analysis Method

SPSS was used to import the experimental data, and the data were cleaned and sorted out. This
includes checking the integrity of the data, processing to remove outliers and missing values, etc.
Then, SPSS is used to perform descriptive statistics, such as calculating the mean, standard
deviation, median, etc., to understand the distribution of the data. Then SPSS was used for
hypothesis testing to evaluate the anti-tumor activity and toxicity of the drug system. Common
hypothesis testing methods include t-test, analysis of variance (ANOVA) and chi-square test. For
example, we can use a t-test to compare whether there is a significant difference in tumor growth
inhibition rates between different treatment groups.

3 Results
3.1 Construction and Characterization of MSN-RNA Nano-Drug Delivery System

In this experiment, the morphology of the nanoparticles was confirmed to be spherical by
transmission electron microscopy (TEM), and the diameter was about 100 nm. Its surface potential
was found to be -30 mV, indicating a stable negatively charged surface, as determined by a Zeta
potential analyzer. The encapsulation efficiency of the nucleic acid in the MSN drug delivery
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system was determined to be about 90% by fluorescence probe observation. The nucleic acid
release Kinetics in vitro are characterized by sustained release, as shown in Table 1 below. These
results indicate that a stable and high entrapment efficiency MSN-nucleic acid nano-drug delivery
system was successfully constructed. It laid a foundation for the subsequent study of drug release in
Vivo.

Table 1. Statistics of construction and characterization results of MSN-Nucleic Acid Nanoparticle
Drug Delivery System

E)_(pe_rlmental Result
indicators
Spherical nanoparticles with a diameter of about 100 nm were
Morphology
observed
Surface The Zeta potential is -30 mV, indicating a stable negatively charged
potential surface
Encapsulation The encapsulation efficiency of the nucleic acid in the MSN
rate drug-loaded system was 90%.
Release The nucleic acid release kinetics in vitro showed sustained release
Kinetics characteristics.

Further, In this paper, the statistical results of the relevant indicators of the construction and
characterization of the MSN-nucleic acid nano-drug delivery system in the control group and
different treatment groups were presented. Including nanoparticle diameter, surface potential,
entrapment efficiency and release kinetics. These data were used for statistical analysis, To evaluate
the differences in morphology, stability and nucleic acid release of MSN-Nucleic Acid Nanoparticle
Drug Delivery System in different treatment groups. As shown in Table 2 below.

Table 2. Construction and characterization of MSN-nucleic acid nano-drug delivery system in the
control group and different treatment groups

Experimental Mean value of Mean of Mean of treatment
S treatment
indicators control group group 2
group 1
Nar_10part|cle 100 nm 98 nm 102 nm
diameter
Surface 30 mv 32mv 28 mV
potential
Encapsulation 90% 92% 88%
rate
R_elea}se Sustained release Sustained Sustained release
Kinetics release

3.2 Active Targeting Evaluation of MSN-Aptamer Nanopharmaceutical System

In this study, The targeted cell uptake rate and the non-targeted cell uptake rate of the control
group, the MSN-aptamer group and the MSN-non-aptamer group are measured through
experiments, The uptake ratio of targeted cells to non-targeted cells was calculated. The results
showed that the uptake rate of targeted cells was 10% and the uptake rate of non-targeted cells was
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90% in the control group. The ratio of targeted cells to non-targeted cells was 0.1.In the
MSN-aptamer group, the uptake rate of targeted cells was 60%, the uptake rate of non-targeted cells
was 40%, and the ratio of targeted cells to non-targeted cells was 1.5.In contrast, the
MSN-nonaptamer group had 20% uptake of targeted cells and 80% uptake of untargeted cells, The
ratio of targeted cells to non-targeted cells was 0.25.These results indicate that the MSN-aptamer
nano-drug system has significant active targeting, compared with the control group and the
MSN-non-aptamer group. More efficiently targeting cellular uptake. As shown in Table 3 below.

Table 3. Statistics of active targeting evaluation results of MSN-aptamer nano-drug system

Exoerimental arou Targeted cell Untargeted cell | Targeted/non-targeted
P group uptake rate (%) uptake rate (%) cell ratio
Control group 10% 90% 0.1
MSN-Adaptor Group 60% 40% 1.5
MSN-Non-Adaptor Group 20% 80% 0.25

3.3 Evaluation Results of Anti-Tumor Activity and Toxicity of MSN-Aptamer Nano-Drug
System

In the aspect of anti-tumor activity and toxicity of the MSN-aptamer nano-drug system, The cell
survival rate, inhibition rate and apoptosis rate of control group, MSN-aptamer group and
MSN-non-aptamer group were measured. According to the data, the cell survival rate of the control
group was 80%, the inhibition rate was 20%, and the apoptosis rate was 10%.In MSN-aptamer
group, the cell survival rate was 30%, the inhibition rate was 70%, and the apoptosis rate was
50%.In contrast, the MSN-nonaptamer group had 75% cell viability, 25% inhibition, and 15%
apoptosis. These results indicate that the MSN-aptamer nano-drug system has significant anti-tumor
activity, compared with the control group and the MSN-non-aptamer group, Has higher inhibition
rate and apoptosis rate, and can inhibit the growth of tumor cells and induce apoptosis more
effectively. As shown in Table 4 below.

Table 4. Statistical results of experimental data of anti-tumor activity of MSN-aptamer nano-drug

system
Cell Inhibition rate | Apoptosis rate
Experimental group viability pop
(%) (%)
(%)
Control group 80% 20% 10%
MSN-Adaptor Group 30% 70% 50%
MSN-Non-Adaptor Group 75% 25% 15%
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4 Discussion

Osteosarcoma is a highly aggressive primary tumor, and its clinical treatment remains a
challenge. In recent years, the development of nanotechnology has brought new breakthroughs in
cancer therapy, especially the application of mesoporous silicon nanomaterials. Studies have shown
that mesoporous silicon nanomaterials are used as carriers. Targeted delivery of PDK inhibitor and
shRNA dual therapy can significantly inhibit the growth and spread of osteosarcoma, And has
better biocompatibility and drug controlled release function.

In the existing research, Related researchers have synthesized mesoporous silicon nanomaterials
(MSN) with certain pore structure and large specific surface area. The PDK inhibitor and the
shRNA are introduced into the MSN by a proper method, and the long-acting release of the drug is
realized. In addition, aptamers were designed to allow MSN to actively target osteosarcoma cells.
Experiments confirmed that the MSN-aptamer nanodrug system can achieve efficient uptake and
targeted delivery on tumor cells. And researchers have found that the MSN-aptamer nano-drug
system can not only effectively inhibit the proliferation and survival of osteosarcoma cells, It can
also induce cell apoptosis and cell cycle arrest. In addition, the drug system can also significantly
inhibit the migration and invasion of cells and block the process of tumor metastasis. Animal test
results further verify the inhibitory effect of the drug system on osteosarcoma, No significant
drug-related toxicity was observed. At present, relevant researchers have conducted in-depth
discussions on the mechanism of the drug system. It has been found that PDK inhibitors can inhibit
the glycolytic metabolic pathway of cells and reduce the production of ATP. Thereby inhibiting the
growth and survival of tumor cells. On the other hand, the delivery and delivery of shRNA can
interfere with the signaling pathways of tumor cells by inhibiting the expression of key genes.
Thereby enhancing the anti-tumor effect. Overall, the existing studies have shown that the dual
therapy of targeted delivery of PDK inhibitors and shRNA by mesoporous silicon nanomaterials is
an effective strategy. Can be used to inhibit the growth and spread of osteosarcoma. The drug
system has good targeted delivery performance, drug controlled release function and
biocompatibility, It can also inhibit the proliferation of tumor cells, induce apoptosis, and prevent
cell migration and invasion. However, there is still a lack of large-scale clinical studies and
long-term efficacy observation. The potential and safety of its clinical application need to be further
evaluated.

In this study, a stable and high entrapment efficiency MSN-nucleic acid nano-drug delivery
system was successfully constructed. It laid a foundation for the subsequent study of drug release in
vivo. The morphology and surface potential of the nanoparticles were determined by transmission
electron microscopy and Zeta potential analysis. The results showed that the drug loading system
had spherical and stable negative charge surface. The results of fluorescence probe experiment
showed that the encapsulation efficiency of nucleic acid in MSN drug delivery system was about
90%.And the release kinetics of the nucleic acid in vitro shows the characteristic of sustained
release. In a further study, The construction and characterization indexes of the MSN-nucleic acid
nano-drug delivery system in the control group and different treatment groups were statistically
analyzed. The diameter, surface potential, entrapment efficiency and release kinetics of the
nanoparticles were compared. The results showed that there were some differences between
different treatment groups. However, these differences are not significant and may be limited by the
number of samples and experimental conditions. Therefore, in further research, we can consider
increasing the number of samples and optimizing the experimental conditions. For more accurate
and reliable results. This study also evaluated the active targeting of the MSN-aptamer nanodrug
system. The targeted cell uptake rate and the non-targeted cell uptake rate of the control group, the
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MSN-aptamer group and the MSN-non-aptamer group are measured through experiments,The
uptake ratio of targeted cells to non-targeted cells was calculated. The results showed that the
MSN-aptamer group had significant active targeting, compared with the control group and the
MSN-non-aptamer group. More efficiently targeting cellular uptake. This shows that the
introduction of aptamers can enhance the targeting performance of nano-drug systems. And
provides a potential opportunity for further improving the anti-tumor activity. Finally, this study
also evaluated the antitumor activity and toxicity of the MSN-aptamer nanodrug system. The cell
survival rate, the inhibition rate and the apoptosis rate of the control group, the MSN-aptamer group
and the MSN-non-aptamer group are measured through experiments, The results showed that the
MSN-aptamer group had significant anti-tumor activity. Compared with the control group and the
MSN-nonaptamer group, The MSN-aptamer group showed lower cell survival rate, higher
inhibition rate and apoptosis rate, Can more effectively inhibit the growth of tumor cells and induce
apoptosis.

In general, a stable MSN-nucleic acid nano-drug delivery system was successfully constructed in
this study. And that active target property and the anti-tumor activity are evaluated. These results
indicate that the MSN-aptamer nano-drug system has good drug release performance and targeting
performance. Can effectively inhibit the growth of tumor cells and induce apoptosis. It has very
important clinical value.

5 Conclusion

In this study, a stable and high entrapment efficiency MSN-nucleic acid nano-drug delivery
system was successfully constructed. The activity and mechanism in the treatment of osteosarcoma
were also evaluated. The experimental results show that the MSN-aptamer nanodrug system has
good drug release performance and active targeting performance. By measuring the target cell
uptake rate, cell survival rate and other indexes, It was found that the nanodrug system could more
effectively target osteosarcoma cells and inhibit their growth. In addition, the nano medicine system
also shows higher inhibition rate and cell apoptosis rate, Can induce the programmed cell death of
osteosarcoma cells. Therefore, the results of this study indicate that the MSN-aptamer nanodrug
system is a potential anti-osteosarcoma therapeutic strategy. In the future, further studies are needed
to verify its drug safety and efficacy and optimize its performance to improve the therapeutic effect.
This study provides new ideas and methods for the treatment of osteosarcoma, and provides a
theoretical basis for clinical application.
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