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Liliya Plamenova Angelova graduated from the Faculty of Biology of the Sofia University "St.
Kliment Ohridski" as a BSc in Molecular Biology and MSc in Biochemistry. After receiving her MSc
degree, 1n 2011 she started working as Assistant Professor at the Institute of Electronics of the
Bulgarian Academy of Sciences (IE-BAS), where she participated in conducting research in the field
of tluorescence spectroscopy of biological tissues and laser modification of biocompatible materials
for development of applications in tissue engineering. Since 01.10.2020, she has been enrolled as a
full-time doctoral student in the Nonlinear and Fiber Optics Laboratory at IE-BAS, scientific
specialty "Physics of Wave Processes". The results of the research activity of Assistant Professor
Angelova are presented in 42 scientific publications with her co-authorship, 38 of which are
published in international journals referenced in SCOPUS and/or Web of Science (WOS). The PhD
student was the principle investigator of a project (2019-2020) with national funding for young
researchers and participates in the teams of 16 (nine of which are ongoing) research projects with
institutional (2 — exchange programs of BAS), national (13 — BNSF) and European (1 — Horizon
Europe) funding.

The PhD thesis investigates the mechanisms of micro- and nanostructuring of biopolymeric
(silk fibroin and polylactic acid) cell matrices by means of femtosecond laser treatment to obtain
biocompatible interfaces for application in muscle and bone tissue engineering. The research topic is
particularly relevant in the context of the National Strategy for Development of Scientific Research in
the Republic of Bulgaria 2017-2030, according to which a priority component of the research activity
is the applied scientific research related to health, prevention, early diagnosis and therapy. The
bibliographic material on which the PhD thesis is based covers nearly 500 sources. The presented
overview of the literature reflects a good knowledge of previous research in the field of tissue
engineering and laser modification of biological material, which allows not only the formulation of a
correct setting of the research and specific tasks to realize the set goal, but also underlies the critical

analysis and interpretation of the achieved original results and their summary in the scientific
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contributions of the PhD thesis. For starting materials in the preparation of temporary cell matrices,
two biocompatible and biodegradable polymers with suitable mechanical characteristics were used,
namely the synthetic polylactic acid and the natural silk fibroin, used for medical applications 1n the
tissue engineering of bones and the regeneration of muscles in the body, respectively.

The research methodology corresponds to the aim of the PhD thesis and includes well-
developed complementary experimental tools and adequate theoretical approaches. The laser-
processed temporary cell matrices were studied with a wide range of powerful methods for qualitative
and quantitative determination of their mechanical and physicochemical properties (morphology,
hydrophilicity, elemental composition) - X-ray structural analysis, scanning electron and atomic force
microscopy techniques, Raman and infrared spectroscopy and others. The in vitro degradation tests
performed on control and laser-modified samples allow evaluating the stability of the biopolymer
matrices for different periods of cell cultivation. Cell morphology and dynamics (adhesion,

orientation, proliferation, migration and differentiation) were determined by assessment of cell
viability, fluorescence microscopy of actin cytoskeleton networks, metabolic cell activity as a

function of the substrate used (laser treated and unmodified matrices).

The main contributions of the PhD thesis are summarized in five groups characterized by a
significant degree of novelty and proof with new means of essential new sides in existing scientific
and applied research problems. The obtained results contribute methodologically in establishing a
protocol for synthesizing biopolymer thin fibroin-based layers and polylactic acid polymer matrices
with specific application in the engineering of muscle and bone tissues. As a result of the
experimental optimization regarding the working parameters of the femtosecond laser radiation
applied (energy, number of pulses, scanning speed, etc.), micro- and nano-hierarchical structuring of
the biopolymer matrices with precise control of their porosity, morphology, hydrophilicity and
biodegradability was achieved. As a result of the nanofunctionalization of the temporary cell
implants, an improvement of their adhesive qualities is reported. The conducted in-depth biological
evaluation of the developed temporary cell models of bone and muscle tissue has allowed obtaining
an optimized laser scanning model, tailored to the morphology and physiology of the specific cell
lines with a high potential for future application in the in vivo regeneration of injured and non-
functioning tissues. The established and experimentally proven protocols for obtaining porous
polymer-based cell matrices by femtosecond laser modification are of particular applied importance

for engineering of muscle and bone tissues as well as of the development of biointerfaces between the

implant and recipient tissues.
The content of the PhD thesis and the corresponding publications fully satisfy both the

minimum national criteria and the requirements in the Regulations of the BAS and IE-BAS for the

implementation of the Act for the Development of Academic Staff in the Republic of Bulgaria
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(ADASRB). The publications related to the dissertation are three, two of which were published in
refereed journals with an mmpact factor (WOS) in accordance with Article 3, Paragraph 2 of the
Requirements, conditions, rules and decisions of the Scientific Council of IE-BAS for acquiring
scientific degrees and appointing academic positions at the IE-BAS. In two of the publications, Liliya
Angelova 1s the first co-author. In the short time after their publication the three articles have already
been cited more than 10 times by other research groups in high-impact specialized Journals. The
results of the PhD thesis have been presented at national and international scientific forums in
Bulgaria and abroad. In 2023, Liliya Angelova was awarded the prize for the best poster presentation
at the Fourth Interdisciplinary Doctoral Students Forum with international participation. The analysis
of the materials provided (PhD thesis, publications, participation in scientific forums, etc.) the
grounds to conclude on the pivotal role of the PhD student in the implementation of the research tasks
and the reported scientific contributions within the PhD thesis.

The abstract correctly and comprehensively reflects the main contributions reported in the
content, conclusions as well as the scientific achievements. The PhD thesis meets all the criteria in
compliance with the ADASRB, the Regulations for its implementation and the respective regulations
for application of the Act in BAS and the additional IE-BAS regulations.

CONCLUSION

The PhD thesis of Liliya Plamenova Angelova contains evidenced and thoroughly supported
results and summaries, representing an original contribution to science. The dissertation fulfils all
requirements of Article 6, Paragraph 3 of the Act for the Development of Academic Staff in the
Republic of Bulgaria, the Regulations for its implementation and the respective regulations and
additional rules and requirements established in the Bulgarian Academy of Sciences and the Institute
of Electronics.

Hereby, I express my positive assessment and confidence in the scientific value and relevance
of the research achievements presented by Liliya Angelova in her PhD thesis. Based of the above, I
strongly support the Scientific Jury awarding Liliya Plamenova Angelova the educational and
scientific degree "Doctor" (PhD) in professional field 4.1. "Physical sciences", scientific specialty

"Physics of wave processes'".

August 26, 2024
Sofia
/Prof. Victornia Vitkova/
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