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9. Streszczenie 
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10. Abstract 

 
The toxic effect of silver nanoparticles has been confirmed on many cell lines, 

including the Hep G2 cell line. Nevertheless, the effect of silver nanoparticles on cells 

may vary depending on the culture medium used. 

In studies conducted on Hep G2 cells, there is a constant discrepancy between 

the culture methodology used in the literature and the ATCC recommendations, 

therefore it is difficult to compare literature data on this issue. 

Differences in cell response to silver nanoparticles in different culture media may 

be due to many factors. One of them is microRNA (miRNA) interference. MiRNAs are 

small RNA molecules with a structure of approx. 22 nt, which post-transcriptionally 

control gene expression by interference, i.e. by attaching to complementary mRNAs. 

This process involves the entire protein machinery that allows for miRNA maturation, its 

transport and, as a result, blocking the target mRNA strand. 

Regulation of gene expression is one of the epigenetic processes that normal 

cells use to carry out the physiological processes necessary to maintain a healthy 

condition of the tissue and the whole organism. Cancer is caused by mutations in DNA. 

Cancer cells are characterized by altered expression of genes, including those 

responsible for the formation of miRNAs. Both the increase and decrease of the 

respective miRNAs have consequences. A decrease in the level of proteins that are the 

product of tumor suppressor genes, due to an increase in the level of miRNAs that 

control them, and an increase in the level of proteins that are the product of oncogenes, 

due to a decrease in the expression of miRNAs that control them. This leads to 

disturbances in the cell cycle, blocking the signaling pathways leading to apoptosis, as 

well as increasing the potential for epithelial-mesenchymal transition. 

It should be noted that changes in miRNA levels have been verified in many 

diseases, not only cancer. Due to the simple structure and important functions in 

metabolism at the cellular, tissue and organismal level, miRNAs are the material of 

numerous studies. Regulation of miRNAs by the use of synthetic analogs or inhibitors 

can be used for research, diagnostic and therapeutic purposes. 
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This work has the following goals: 

- Evaluation of the effect of silver nanoparticles on cells with different metabolic 

phenotypes, 

- Evaluation of the impact of silver nanoparticles on the profile of miRNAs 

important in the formation and progression of cancer, 

- Evaluation of the impact of miRNA modulation on the phenotype of cells 

exposed to the toxic effects of silver nanoparticles. 

Hepatocellular carcinoma cells (Hep G2) were selected as the research model 

grown in a medium containing glucose at the physiological concentration  

(5.5 mmol/dm3) and in medium with increased concentration of glucose (25 mmol/dm3) 

occurring in acute diabetic state. 

The research was conducted in two modules. First, the response of Hep G2 cells 

to the action of silver nanoparticles was examined and the differences in the nature of 

this response depending on the metabolic state of the cells, conditioned by the variable 

content of glucose in the medium, were examined. In the second part of the study, an 

attempt was made to modulate the cell response to AgNPs using synthetic miRNA 

analogs. 

First, the toxicity of silver nanoparticles to Hep G2 cells was examined. Cells 

cultured with a medium with a higher concentration of glucose turned out to be more 

resistant to AgNP. Which has been linked to previous reports of higher levels of 

antioxidant defense mechanisms in cells cultured at a lower, physiologically normal 

concentration of glucose. The selected synthetic miRNA analogues used not only 

restored the resistance of cells cultured with a medium with a higher glucose content, 

but even increased their resistance compared to cells grown in a medium with a lower 

glucose content. 

MiRNAs intended to perform modulation functions in relation to the biological 

activity of silver nanoparticles were selected on the basis of a literature search and 

analysis of the expression of miRNAs involved in the formation of liver cancer cells under 

the action of silver nanoparticles in varying culture media. The performance of the 
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expressed miRNAs was verified by analyzing the level of proteins that are regulatory 

targets of selected miRNAs and by analyzing the survival of Hep G2 cells treated with 

AgNPs and each miRNA separately. In the next step, the proliferative potential of  

Hep G2 cells cultured with different glucose availability was examined. Cells cultured 

with higher glucose availability showed a higher proliferative potential than cells 

cultured with lower glucose concentration. An inverse relationship was observed at the 

first readings, after 24 hours, where the number of cells in the culture medium 

containing glucose at a concentration of 5.5 mmol/dm3 was higher. In order to check 

whether the selected synthetic miRNA analogues influenced the accumulation of silver 

nanoparticles in the cells of the Hep G2 line, measurements of the SSC-A parameter 

using flow cytometry techniques were conducted. The transfection had no effect on the 

level of  cell granularity after incubation with silver nanoparticles. In the case of 

clonogenicity, AgNPs caused a decrease in the number of colonies formed in the culture 

medium with a lower concentration of glucose and the opposite effect at a higher 

concentration. At the same time, the number of cells in colonies under the influence of 

silver nanoparticles was limited only in the case of the experiment carried out in  

a medium with a higher glucose content. Transfection with selected synthetic miRNA 

analogues had no effect on the clonogenicity of Hep G2 cells. 

In order to investigate in more detail the changes observed in experiments 

related to the cytotoxicity of silver nanoparticles and the modulatory effect of selected 

synthetic miRNA analogues, the level of apoptosis and cell distribution were examined 

in particular phases of the cell cycle. AgNPs caused a significant increase in necrotic cells 

in a culture carried out using a medium supplemented with glucose at a concentration 

of 25 mmol/dm3. Cell cycle measurements differentiated the culturesin media with 

different glucose content. In the control trials, a higher of the number of cells in the G1 

phase of the cycle in the culture with a lower glucose concentration and a lower number 

of cells in the G2 phase were noted. The action of silver nanoparticles reduced the 

number of cells in the G1 phase and increased in the G2 phase in both cultures. However, 

the dynamics of change were different; after treatment with silver nanoparticles, more 

cells in the G2 phase were observed in culture medium with a lower concentration of 

glucose. Transfection with selected synthetic miRNA analogues did not significantly 
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affect the distribution of Hep G2 cells in particular phases of the cell cycle in relation to 

cells treated with silver nanoparticles alone. 

The potential of cells for epithelial-mesenchymal transition was checked by 

means of wound healing assays, the intensity of the transition through the basement 

membrane matrix model, and examination of the level of proteins with a significant role 

in EMT. In the case of passage through the model of the basement membrane matrix, 

the silver nanoparticles produced a similar effect as in the clonogenic experiments. 

Lower glucose availability promoted a decrease in invasion intensity through the matrix 

model in the presence of AgNPs, while higher availability caused the opposite effect.  

At the same time, silver nanoparticles did not cause changes in the rate of scratch 

overgrowth by cultured Hep G2 in a culture medium supplemented with glucose at a 

concentration of 5.5 mmol/dm3. On the other hand, supplementation with glucose at a 

concentration of 25 mmol/dm3 increased the rate of cell migration. Also, the level of 

glucose itself differentiated the tested samples, higher concentration promoted faster 

overgrowth of the scratch. Transfection with selected synthetic miRNA analogs reduced 

the intensification of migration induced by silver nanoparticles, but at the same time did 

not affect the passage of cells through the model of the basement membrane matrix 

towards the chemoattractant. Level of proteins linked to epithelial-mesenchymal 

transition, beta-catenin, claudin 1, and E-cadherin was higher in cells cultured in  

a medium with a higher concentration of glucose. On the other hand, the level of  

N-cadherin was lower, which indicates the "cadherin switch" process taking place in 

Hep-G2 cells from cultures with a higher concentration of glucose in relation to cells 

from low-glucose cultures. On the basis of the conducted experiments determining the 

EMT potential of Hep G2 cells, it can be argued that the increase in glucose availability 

is a factor promoting the epithelial-mesenchymal transition, and the synthetic miRNA 

analogs used may limit changes resulting from glucose availability in terms of cell 

migration potential, but not in the case of the intensity of the transition through the 

model of the basement membrane matrix. 

In order to determine the effect of silver nanoparticles, glucose levels and the 

possible modulation of cell responses to oxidative stress, measurements of the level of 

reactive oxygen species were carried out using fluorescent probes; H2DCFDA and 
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DHR123, measurements of the level of oxidation of cell membrane components with 

the BODIPY C11 probe, measurements of the mitochondrial membrane potential, 

measurements of the pool of available NADP(H) and measurements of ATP 

concentration were conducted. As expected, silver nanoparticles had no effect on the 

detection of reactive oxygen species in cells grown in medium with a lower glucose 

content, while in the culture medium with a higher concentration of glucose caused  

a significant increase in the amount of reactive oxygen species both, in the cytoplasm 

and in the cell membrane. They also caused a decrease in the pool of available NADP(H). 

Transfection with synthetic miRNA analogues reduced nanoparticle-induced oxidative 

stress, restoring control levels of reactive oxygen species and NADP(H) levels. At the 

same time, the transfection did not eliminate the hyperpolarization of the mitochondrial 

membrane caused by the silver nanoparticles. AgNP and transfection with miRNA 

analogues did not induce significant changes in ATP levels in Hep G2 cells. 

The above experiments showed that depending on the culture conditions,  

Hep G2 cells react with different sensitivity to the toxic effects caused by silver 

nanoparticles. In addition, silver nanoparticles induce changes in miRNA profiles in Hep 

G2 cells. Transfection of cells showing a changed profile under the influence of the test 

factor with synthetic miRNA analogues, even in small doses, can reverse the changes 

caused by studied factor. 

  


