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Desislava Valerieva Vladimirova was born in Sofia, Bulgaria. She received her higher education
in Biomedicine at the University of Surrey, United Kingdom (2014-2017) and a Master of Science
in Biomolecular Sciences at the Free University of Brussels, Belgium (2017-2019). She started
working at the Institute of Molecular Biology, Bulgarian Academy of Sciences as a biologist
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Desislava Vladimirova has submitted the following documents for the doctoral program in
accordance with national requirements for the educational and scientific degree "doctor":

1. Biography; 2. Copy of master's diploma, copy of translation of master's diploma Belgium and
NACID Certificate for master's diploma; Certificates and certificates for the passed exams from
the individual plan; List of 4 scientific publications on the topic of the dissertation, the articles
themselves and a list of noted citations; 7. Dissertation - a document of absence of plagiarism;

Dissertation abstract; Dissertation.

The dissertation work was presented and discussed at an extended seminar of the section "Structure
and Function of Chromatin™ at the Institute of Molecular Biology "Acad. Rumen Tsanev",

Bulgarian Academy of Sciences, on 21.10.2025.

Relevance of the topic of the dissertation. The topic of the dissertation is “Role of HMGBL1 in the
epithelial-mesenchymal transition (EMT) and metastasis in 2D and 3D models of breast
cancer”. The topic of the dissertation is relevant and important and complex. Breast cancer is one
of the most common malignant diseases of millions of people. In the epithelial-mesenchymal
transition (EMT) process, the disease develops from uncontrolled cell proliferation to migration,
invasion, metastasis and high mortality. In many patients, malignant development is different.
Three subtypes of human cancer cells were used for experimental work. A deeper understanding
of the molecular mechanisms of the metastatic process is key to developing new strategies to
combat breast cancer. This can help towards individual therapy of oncological diseases — one of

the rapidly developing areas of biomedical science.

The dissertation includes a total of 156 pages, which contain 5 tables and 57 figures. The main
parts of the dissertation include introduction and literature review 52 pages, aim and objectives 1
page, materials and methods 18 pages, results and discussion 57 pages, conclusions and
contributions 1 page, limitations of the study and future prospects 3 pages. 238 literary sources, a
list of scientific publications related to the topic of the dissertation work and a list of participations

in international and national conferences were used.



Knowledge of the problem: The literature review is organized into several main parts: Cancer
disease and breast cancer (5 sub-points). EMT as a driver of progression and therapeutic resistance
in oncological diseases (3 sub-points). The role of HMGBL1 protein in the activation of EMT (7
sub-points). Metformin and the relationship of HMGB1 in cancer. (3 sub-points). Cellular

mechanisms are illustrated with 15 figures and 1 table from publications.

The literature review presents the complexity and heterogeneity of cell biology in the process of
cancer metastasis and the important role of a high-mobility protein of group B1, HMGB1. The
central part of the review describes in detail the structure and various functions of HMGB1 and
the role in epithelial-mesenchymal transition (EMT), including the shortened variant of the C-
terminal tail of HMGBL1. There are also contradictory data in the literature. The anticancer
properties of the well-known antidiabetic drug metformin have been shown in various oncological
diseases. Interesting new data have been published on the relationship between HMGB1 and the
anticancer properties of metformin, but the molecular mechanisms have not been elucidated. This

review leads logically to the goals of the dissertation.

Desislava Vladimirova has done a very good job with the literature review; it is written clearly,
concisely, and well-illustrated. There are difficulties in the language in the terminology of
molecular and cell biology, and abbreviations from English. To help readers, the doctoral student
presents a list of abbreviations translated into Bulgarian.

Set goals and objectives, methods and achieved results. The overview is up-to-date, logical and
leads to the main goal of the dissertation. Two main goals and 5 planned tasks for each are
formulated, which represent the logical stages of the experimental part of the dissertation. The first
goal is to investigate the effect of purified recombinant HMGBL1 and the truncated variant without
the C-terminal tail (HMGB1AC) on epithelial-mesenchymal transition (EMT) in breast cancer cell
subtypes. The second goal is to evaluate the potential of metformin as a therapeutic modulator of
HMGB1-dependent EMT. The goals are appropriate for the submitted tasks.

The main subjects of the experiments were three breast cancer cell lines: Triple-negative (ER-/PR-

/HER2-) cell line is suitable for studying migration and invasion, metastasis and therapeutic



resistance; MCF-7 is an epithelioid expressing estrogen receptors (ER+) and demonstrates limited
invasiveness and metastatic potential; and the SK-BR-3 epithelioid line, HER2+ with metastatic
potential. All three cell lines were used in a 2D breast cancer model (wound healing assay) and a
3D cell experimental model - 3D spheroid model - MDA-MB-231 cells were used. Purified
bacterial recombinant HMGB1 and HMGBIAC were used in the experiments at different

concentrations.

The methods are described in detail and can be replicated by other groups. For data analysis the
values - were normalized using ImageJ software and presented in graphs and tables. Statistical
analysis was performed using one-way ANOV A, followed by Tukey post-hoc test for multiple

comparisons and statistical significance.

The experimental part of Desislava Vladimirova's dissertation includes a variety of modern
methods. In the group of Prof. Ugrinova, these methods are routinely used in HMGBL studies. The
institute has valuable equipment such as immunofluorescence microscopy and analysis Zeiss
AxioVert 200M, visualization by means of a digital protein imaging system LI-COR C-DiGit Blot

Scanner, Varioskan™ multiplatform reader, etc.

The PhD student has worked at the IMB as a biologist and assistant, and many of the methods are
well used and mastered. The results obtained in the dissertation are well described and illustrated

with appropriate figures and tables.

A wound healing assay was used to assess the migration activity between the cell lines treated with
HMGBI1 and HMGBIAC. The results showed that triple-negative mammary gland cells (MDA-
MB-231) demonstrated significant cell migration upon treatment with HMGB1, while HMGB1AC
induced a weaker migration response. MCF-7 and SK-BR-3 did not show statistically significant
wound closure compared to controls. A wide range of different protein concentrations was used,
and the optimal ones were 100 ng/mL HMGBI1, 300 ng/mL. HMGB1AC and 5 ng/mL TGF-p.
Western blot data showed expression of EMT markers induced by HMGB1, HMGB1AC and TGF-
B in MDA-MB-231 cells. HMGB1, HMGB1AC and TGF-f did not induce markers in either MCF-
7 or SKBR-3 cells. These results confirm the observed cell migration from wound healing.



Comparative analysis of the basal expression of HMGB1, RAGE and NF-kB in the different
molecular subtypes of breast cancer showed significantly higher expression of the three proteins
in triple-negative cells (MDA-MB-231). From these results, only (MDA-MB-231) cells were used
for 3D spheroids for the experimental model.

To create 3D spheroids as a model of breast cancer, the cell density of spheroids and the
methylcellulose concentration for cell viability in spheroids were studied. The optimal
combination of culture conditions for spheroids was selected. Dissertation work is very important

for creating a reliable in vitro model that reflects the biology of solid tumors in vivo.

The results on the effect of HMGB1, HMGB1AC and TGF-B on the invasion of 3D spheroids
embedded in a type I collagen matrix are interesting. Much higher concentrations of HMGB,
HMGBI1AC were used in the experiments compared to the 2D experiments (“wound healing” test).
The highest invasion was observed at 700 ng/mL HMGB1, while HMGBI1AC induced maximum
invasion at a lower concentration (500 ng/mL). The results in the 3D experiments could be due to
the different environment more resembling in vivo. The experiments with suppressed RAGE
expression are interesting. The results show that at an optimal concentration of HMGB1 cells with
suppressed RAGE expression, a significant decrease in both cell motility (“wound healing” test),
invasion (3D spheroids) and Vimentin expression is observed. At the same time, RAGE silencing
did not significantly affect migration, invasion, and Vimentin expression upon treatment with
HMGBIAC. Immunofluorescence analysis and subcellular fractionation showed a significantly
higher level of phosphorylated p65 NF-«B in the nucleus upon treatment with 300 ng/mL
HMGBIAC, while at 100 ng/mL HMGBI, it was more moderate. This indicates that HMGBI1AC
induces a stronger nuclear translocation of phosphorylated p65 NF-xB, which corresponds to a

more pronounced effect on EMT and cell migration.

Interesting and important are the studies of metformin on the activation of HMGB1, HMGBI1AC
and NF-«xB in 2D and 3D models of MDA-MB-231 cells. An appropriate sub-inhibitory dose of
metformin and optimal concentrations of HMGB1 and HMGBI1AC were selected to have a
suppressive effect on the induced cellular processes. The data showed that metformin alone caused

a moderate suppression of cell motility, invasiveness and the expression of EMT markers. In the



2D model, the combination of metformin and 100 ng/mL HMGBL inhibited cell motility, but not
in 300 ng/mL HMGBI1AC cells. Data from cell invasion with spheroids (3D model) showed that
the combination of metformin and 700 ng/mL HMGB1 significantly reduced invasion. In contrast,
300 ng/mL. HMGBIAC in cells did not affect metformin. This suggests that the inhibitory effect
is dependent on the presence of the C-terminal tail of HMGBL1. By co-immunoprecipitation and
Western blot, it was clearly shown that in 100 ng/mL HMGBL cells, a HMGB1-RAGE complex
was formed. In the presence of metformin, this complex was not observed. No complex was
observed in cells treated with 300 ng/mL HMGBI1AC. This confirms that the absence of the C-
terminal tail eliminates its binding to the receptor and indicates that the biological effects of
HMGBIAC are likely mediated by RAGE-independent mechanisms.

In all the experiments, different concentrations of recombinant HMGB1, HMGBI1AC proteins
were used, chosen as optimal. This is a bit worrying, especially at high concentrations. | have

questions for the PhD student below.

The results are written and presented concisely and clearly. In the metformin trials, the results are

too brief - presented below the figures.

In the next chapter of the dissertation, there is a detailed discussion of the results obtained, the

probable cellular mechanisms and future research.

Publications and personal contributions of the doctoral student:

Desislava Vladimirova has 4 publications related to the dissertation. Three of the publications are
by the first author (one is a chapter in Advances in Protein Chemistry and Structural Biology). She
has participated in 3 international scientific forums and presented posters. | do not doubt that she
personally participated in research, accurate conclusions were made and the in-depth discussion.

Publications fully cover and exceed the minimum national requirements for dissertation defense.

From the experiments conducted, 3 main conclusions and 5 main contributions to the dissertation

were made.



The dissertation abstract. It fully and correctly reflects the essence of the dissertation. It includes
62 pages together with the presented tables and figures. The formulated conclusions and

contributions correspond to the dissertation.

| have a few questions for the dissertation:

1. It is not shown what part of the C-terminal tail of HMGB1 (the truncated variant
(HMGBI1AC) is. Is there data on amino acids from the truncated tail? What are they? Are
they important? What new attempts can be made, for example, mutations in the tail?

2. After the treatment of HMGBI1 and HMGBI1AC in cells, how and what proportion of the

proteins enter the cells? Is there expected to be any shrinkage?

Microscopic photographs do not have scale bars (Figures 18 to 24, 30 and 31, Scale bar: 500 um).
The rest are as they should be. It is a good idea to add scale lines in the photographs (as in Figure
32) or below the photographs (e.g. in Figure 35).

I have minor remarks about the text of the dissertation (abbreviations, errors, and Bulgarian words
that do not exist). A list has been submitted to the doctoral student.

Conclusion:

In the scientific research work of Desislava Vladirova on the dissertation, many diverse
experiments have been made, new good results have been presented. She shows the ability to plan
and conduct experiments, to analyze qualitative and quantitative results and discuss them. The
dissertation work is up-to-date, modern methods have been used and is focused on the goals and
objectives. There are indisputably significant results and conclusions. Desislava Vladimirova fully
meets the requirements of the regulations for the acquisition of scientific degrees and for holding
academic positions at the IMB.

In conclusion, | give my completely positive assessment and recommend that the esteemed
scientific jury award Desislava Vladimirova the educational and scientific degree

"doctor" in the program "molecular biology"
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