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Relevance of the dissertation: The fight against malignant diseases, which represent not only 

a health but also a socio-economic problem in today's society, requires the implementation of 

new and more effective therapeutic strategies. This requires a detailed study of the cellular 

mechanisms associated with metastasis of tumor cells, as well as the identification of target 

factors that can be the subject of anti-tumor agents. I believe that the choice of the epithelial-

mesenchymal transition (EMT) process is very well chosen, since it plays a key role in the 

process of metastasis. The object of the study is breast cancer, which is the most frequently 

diagnosed cancer among women and is second in the world after lung cancer. 

 

Literature review: The literature review is very well structured. All aspects related to the 

results of the dissertation's research are examined in detail, citing the latest achievements in this 

field. Several sections are clearly distinguished: breast cancer and known therapeutic 

approaches, EMT and its relationship with oncogenesis, considering modern theories about the 

signaling pathways of the process, current data on the role of HMGB1 and its truncated form 

in oncogenesis, functions of metformin and interaction with HMGB1. The review is illustrated 

with numerous schemes, which contributes to its easy and smooth reading and leaves the 

impression that the dissertation is well acquainted with the literature. Despite the accumulated 

literature data on the relationship of HMGB1 with the epithelial-mesenchymal process, the 

dissertation has managed to formulate some of the unclear aspects related to the mechanisms 

by which structural variations of HMGB1 modulate these processes. Taking into account the 

properties of metformin, the dissertation clearly and specifically formulates the goals and 

objectives of the present dissertation. 

 

Materials and methods. The materials and methods are described in great detail. This shows 

that the doctoral candidate has mastered some of the most modern techniques in molecular 

biology. I estimate this way of presenting the experimental work performed, as this would make 



it easier and more trouble-free to reproduce the methods in their future application in the 

laboratory. 

 

Results: The molecular characteristics of breast cancer are key to the correct choice of therapy. 

Therefore, it is important to select the right object of study in order to draw adequate 

conclusions. 

2D results. The migratory activity of three types of breast cancer lines, representative of three 

different molecular subtypes – MDA-MB- 231 (triple negative, with a pronounced 

mesenchymal phenotype), MCF-7 (ER+/PR+ epithelial carcinoma) and SK-BR-3 (HER2-

enriched carcinoma) was studied. The results were obtained using the “wound healing assay” 

method. Recombinant HMGB1, HMGB1ΔC and TGF-β as a positive control were tested. In 

the MDA-MB-231 cell line, the maximal effect was observed at 100 ng/mL HMGB1, where 

migration increased by 73.9% compared to the control value (p < 0.01). Treatment with 

HMGB1ΔC induced a weaker migratory response compared to HMGB1. The maximal increase 

was observed at 300 ng/mL – 55% compared to the control (p < 0.01). In the MCF-7 cell line, 

the response to stimuli was limited. In summary, SK-BR-3, like MCF-7 cells, showed minimal 

migratory potential. In fact, HMGB1 and HMGB1ΔC have the ability to modulate cell 

migration only in MDA-MB-231. In order to select the right object of study, the expression of 

the EMT markers N-cadherin and Vimentin was analyzed in the three breast cancer cell lines 

in the presence of HMGB1 and HMGB1ΔC. In MCF-7 and SK-BR-3, no statistical change was 

observed, unlike MDA-MB-231, in which a statistical increase in both markers was registered. 

For precision, the basal expression of NF-κB (p65), phosphorylated NF-κB (phospho-p65), 

RAGE and HMGB1 was also assessed in a non-malignant cell line (MCF10A), MDA-MB-231, 

MCF7 and SKBR3. The results show that MDA-MB-231 has the highest basal expression of 

all three proteins compared to MCF10A and MCF-7, which corresponds to the functional 

sensitivity of this line to treatment with HMGB1, HMGB1ΔC and TGF-β. Logically the 

following experiments are focused on using only the MDA-MB-231 cell line. 

3D results. One approach resembling in vivo conditions is to evaluate the role of HMGB1, 

HMGB1ΔC and TGF-β in the invasion of MDA-MB-231 cells in a three-dimensional (3D) 

environment. In this case, the experimental conditions were optimized using spheroids. In 

contrast to the 2D experiments, the optimal concentration observed for HMGB1 (700ng/mL) 

was higher than that of HMGB1ΔC, which induced maximum invasion at a lower concentration 

of 500 ng/mL (91%). TGF-β caused the most pronounced effect on invasion, with a 

concentration of 1ng/mL - 97% invasion compared to the control group. 



 

RAGE-mediated signaling pathway. One of the possible signaling pathways, which has been 

described in the literature, induced by HMGB1, is through the participation of the cellular 

receptor RAGE. Logically, the dissertation candidate chose this approach to investigate the 

effect of HMGB1 and HMGB1ΔC on migration, invasion and expression of EMT markers in 

MDA-MB-231 involving the participation of the RAGE receptor. At 80% receptor silencing, it 

turns out that when treated with the optimal concentration of HMGB1, cells with suppressed 

RAGE expression demonstrate a significant decrease in cell motility (2D), invasion (3D) and 

Vimentin expression compared to the control. Silencing of RAGE does not significantly affect 

migration, invasion and Vimentin expression when treated with HMGB1ΔC. The effect is 

reversed in the study of translocation of phosphorylated p65 NFκB into the nucleus. 

HMGB1ΔC induces a stronger nuclear translocation of activated NFκB compared to HMGB1 

when using the optimal concentrations. 

 

Metformin. The detailed properties of metformin discussed in the literature review and its 

relationship with HMGB1 motivated the doctoral candidate to conduct the above-described 

experiments in the presence of metformin. Metformin demonstrated a dose-dependent 

inhibition of cell migration. When conducting 2D studies, it turned out that when treated with 

100 ng/mL HMGB1, the strongest inhibition of cell motility was observed with combined 

administration of metformin at an IC30 concentration and 100 ng/mL HMGB1, in contrast to 

HMGB1ΔC, where no inhibition of cell motility was observed at any of the tested metformin 

concentrations. A similar result was obtained when determining the level of EMT markers: at 

combined treatment with metformin and 100 ng/mL HMGB1 resulted in a significant decrease 

in the expression of N-cadherin and Vimentin, while with HMGB1ΔC 300 ng/mL a similar 

effect was absent. This trend was also observed in the translocation of p65 NF-κB into the 

nucleus of MDA-MB-231 cells in the presence of metformin and the protein variants. In 3D 

experiments, metformin did not show any inhibition of invasion on its own. The combination 

with the established optimal values of HMGB1 (700 ng) and HMGB1ΔC (500ng) in the 

treatment of spheroids had an inhibitory effect only on the entire molecule. I would like to draw 

the attention to the fact that in the text describing this experiment the optimal concentrations 

are wrong, but in Fig. 55 they are correctly presented. These results indicate a greater 

sensitivity of HMGB1 to metformin compared to the truncated form. 

The effect of metformin on the interaction of HMGB1 and RAGE was studied using the co-

immunoprecipitation method. The addition of IC30 metformin resulted in an 87.5% reduction 



in the formation of the HMGB1/RAGE complex. The HMGB1ΔC variant did not form a 

measurable interaction with RAGE, which confirms that the lack of the C-terminal domain 

eliminates its binding to the receptor and suggests that the biological effects of HMGB1ΔC are 

mediated by RAGE-independent mechanisms. 

 

Discussion. The discussion of the obtained results is analytical and is based on literature data, 

but personal hypotheses were also expressed. The dissertation focused mainly on the 

interpretation of the main differences between the HMGB1 protein and its truncated form 

HMGB1ΔC, with emphasis on the role of the C-terminus in the EMT transition. Its removal 

allows for a stronger interaction with receptors, which leads to a more potent EMT and invasive 

effect. The dissertation proposes one possible explanation, namely: if HMGB1ΔC binds to 

receptors more strongly or for a longer time through increased affinity, clustering or slower 

dissociation, the result is enhanced and sustained NF-κB signaling, leading to a stronger 

induction of EMT genes. Particular attention is also paid to metformin as an inhibitor of the 

HMGB1-RAGE signaling pathway, which may be a promising therapeutic strategy for limiting 

metastasis in breast cancer. 

The fact that the candidate has shown criticality and formulated five limitations of the 

conducted study, which also provides correct guidelines for the future continuation of the topic, 

is very impressive. Possible perspectives for future studies of receptors with which HMGB1ΔC 

interacts are also outlined and the subsequent activation of signaling pathways. It is also 

proposed to assess the influence of HMGB1ΔC on the remodeling of the extracellular matrix. 

The conclusions and contributions are formulated briefly and clearly. 

 

Recommendations. In most of the experiments conducted to compare the effects, the so-called 

optimal concentrations of HMGB1 and HMGB1ΔC were used. When determining the role of 

one protein in a given process, this is logical. When comparing the influence of two or more 

proteins, it is good to compare at equal concentrations. For example, when stimulating the 

expression of N-cadherin and Vimentin (Fig. 25) in the presence of both protein forms at the 

same concentration of 100ng, HMGB1 induces the highest expression of mesenchymal 

markers, but at the same concentration HMGB1ΔC has virtually no effect. It manifests itself at 

a 3-fold higher concentration (300ng). It would be good to discuss this by also noting the high 

level of endogenous HMGB1 in the cell compared to its truncated form. 

 



Conclusion. The dissertation submitted to me for review treats a very up-to date and socially 

significant topic, namely the detailed study of the molecular characteristics of breast cancer as 

key factors for the correct choice of therapy. The dissertation candidate Desislava Vladimirova 

has analytically summarized the large volume of literature in this field, which demonstrates 

comprehensive knowledge of the problem. She has mastered modern molecular biological 

techniques, described in great detail, which allows their trouble-free reproduction. The results 

are presented clearly and follow the set goals and objectives. They are accompanied by precise 

evidentiary material such as photos, graphs and diagrams, which makes them convincing. The 

discussion is in-depth and the hypotheses expressed are very well motivated. The challenges 

and future directions for the development of the topic are formulated. The dissertation candidate 

has presented four publications related to the dissertation with a IF. 8.1, of which she is the first 

author in three. Desislava Vladimirova has submitted a document of absence of plagiarism. 

The achievements, facts and arguments reflected in the review give me full reason 

to convincingly propose to the esteemed Scientific Jury to vote positively for awarding the 

educational-scientific degree "PhD" to Desislava Vladimirova, scientific specialty 4.3 

Biological Sciences, Molecular Biology. 


