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1. General description of the presented materials.

Lilia Plamenova Angelova graduated with Bachelor's degree in molecular biology at Sofia
University "Kliment Ohridski" in 2009, and then, in 2011, with the Master’s degree in
biochemistry, majoring in "molecular biology" at Sofia University "Kliment Ohridski".

Doctoral student Lilia Angelova was enrolled in regular doctoral studies with order No.
141/18.09.2020. of the director of IE-BAS for the period 01.10.2020. - 31.09.2023 in a regular
form of education and was dismissed with the right of defense according to order No. RD-09-
196/28.09.2023.

During the three years of her full-time doctoral studies, Lilia Angelova successfully passed the
exams in foreign language (English), information technology (MatLab) and successfully passed 4
courses recognized as specialized by the Central Committee. In June 2022, he passed the doctoral
minimum exam with excellent success. In the same year, she was appointed as an assistant in the
lab. Nonlinear and fiber optics. During her doctoral studies, 24 scientific papers were published, in
which Lilia Angelova was a co-author. Of these, 10 were published in scientific journals with an
impact factor, 10 with an impact rank and 4 in other scientific publications. During the period of
her doctoral studies, Assistant Professor Angelova has 125 citations in 17 publications, h-index
(Scopus):5. The scientific results of the work on the dissertation were presented by the doctoral
student at 16 national and international scientific forums in the country and abroad, and she was



awarded a prize for the best poster presentation at the Fourth Interdisciplinary Doctoral Forum with
international participation, held in the period 16-19.05. 2023, in the town of Sandanski. During the
three-year period of his doctoral studies, as a member of the team, Lilia Angelova participated in
9 scientific research projects with funding under the National Research Institute and EDB and in
one European projéct under the Horizon Europe program. The doctoral student has collected a total
of 812 credits, which fully cover the necessary mandatory minimum requirements of Training
center-BAS (200 credits). The number of publications, reports from conferences and citations cover
the necessary requirements of the Rules of Application of Law on the Development of the
Academic Staff in the Republic Bulgaria (RALDASRB), BAS and IE-BAS for the defense of
dissertation works for the ONS "Doctor". On 26.06.2024, in hall 301 of the University of Warsaw
and in an electronic environment, in connection with the requirements of the Law on the
Development of the Academic Staff in the Republic Bulgaria (LDASRB), the Regulations for the
terms and conditions for the acquisition of scientific degrees and for the occupation of academic
positions at the BAS, adopted by the General Assembly of the BAS, were held seminar on the
preliminary defense of the dissertation work of doctoral student L. Angelova, at which she
presented the scientific results of her dissertation work on the topic "Improving the mechanism of
cell dynamics by means of selective laser micro-, nano-modification of biomaterials for application
in tissue engineering".

For the participation in the competition, the candidate has submitted all the documents required
by the LDASRB and RALDASRB.

The documents are properly prepared and presented.

The scientometric data presented by PhD student Lilia Angelova many times exceed the
necessary indicators required by LDASRB and RALDASRB for obtaining a research and scientific
degree "Doctor".

2. General characteristics of the dissertation work

The main scientific work of PhD student Lilia Angelova is related to the development and
design of porous polymer-based cellular matrices by femtosecond laser-induced micro/nano
hierarchical structuring for application in tissue engineering of muscle and bone tissues and for
obtaining bio-interfaces between the tissues of the recipient and the foreign implant. Tissue
engineering is a branch of biotechnological sciences that deals with the creation, regeneration and
improvement of the function of biological tissues. The purpose of the matrix is to create a
biomimetic environment that stimulates cell adhesion, differentiation and proliferation. In this way,
the cells can reorganize themselves in building a new three-dimensional tissue.

The dissertation consists of an Introduction, Literature Review, Experimental Part,
Conclusion and Main Contributions. The dissertation includes 60 figures and 13 tables.

The list of cited literature contains 485 literary sources. A list of publications on the topic
of the dissertation is also included, consisting of 2 publications in scientific journals with an impact
factor and 1 publication in an international scientific journal, with SCImago Journal Rank.



The Introduction presents an introduction and topicality of the topic, which is also touched
upon in the purpose and tasks of the dissertation work. The main focus of the current dissertation
is also briefly presented. The literature review examines the physiology of bone and muscle tissue,
basic materials for the production of temporary cell matrices for use in tissue engineering, as well
as the basic methods for creating porous matrices.

Special attention is given to femtosecond laser structuring of temporary biopolymer
implants; the mechanisms of interaction of femtosecond laser radiation with biocompatible
materials, as well as the main processes occurring during this interaction. Femtosecond laser
interaction with biological materials and tissues leads to minimal side effects, such as microcrack
formation, minimal heat dissipation in the interaction zone, absence of melted zones and reduced
ablation thresholds, which is the reason for the strict control of biomaterial characteristics such as
porosity , surface roughness, wettability, etc. In this method, the energy of focused femtosecond
laser pulses is delivered to precisely defined areas of the treated surface, in a time much shorter
than the time required for its thermal exchange. In this way, high-precision control of the
development of thermal processes and of the photoionization process is achieved. The creation of
oriented structuring on the surface of the biomimic matrix, on the other hand, enables directed
stretching of the planted stem cell lines, coming into harmony with their natural physiology and
creating prerequisites not only for cell adhesion and proliferation on the material, but also for
subsequent cell differentiation in the necessary, regenerated muscle and/or bone tissue.

The main goal of the presented dissertation work is the preparation and design of porous
polymer-based (silk fibroin, polylactic acid) cell matrices by femtosecond laser-induced
micro/nano hierarchical structuring for application in tissue engineering of muscle and bone tissues
and for obtaining bio- interfaces between the recipient's tissues and the foreign implant.

The experimental part of the dissertation presents the conditions, methods and materials
used, the results of the conducted experiments, analysis and evaluation of the obtained results.
Special attention is paid to the femtosecond laser setup used for hierarchical surface structuring of
the created cellular implants. The main methods used for qualitative and quantitative
morphological and chemical characterization of the studied samples are also presented. In Chapter
4 of the dissertation, the main original results of the analyzes and studies of the femtosecond surface
"functionalized" biopolymer 2D cell matrices in the form of 2D PMK plates and thin layers of
fibroin are described and discussed. In order to optimize the most suitable parameters of laser
surface modification, the structure, porosity, roughness of the cellular matrix, wettability, chemical
composition and mechanical properties of the matrices were characterized before and after laser
treatment. A comparison was made between laser micro/nanostructured and untreated polymer
samples in all analyzes performed. The chapter consists of two main sections focused on the
development of a 2D temporary cellular matrix based on polylactic acid and silk fibroin for tissue
engineering applications of bone and muscle tissue, respectively.

3. Evaluation of the scientific and scientific-applied contributions of the doctoral student in
the dissertation work.



As a significant scientific contribution of the PhD student, I will highlight the results in two
main directions.

The first, in development by femtosecond laser irradiation of a temporary cellular matrix
for application in bone tissue engineering.

The second is in the development of a temporary cellular matrix for application in muscle
tissue engineering by treatment with femtosecond laser pulses.

In the first direction, in the dissertation, for the first time, the effect of femtosecond laser
radiation on synthetic biopolymer 2D plates from PMK was experimentally proven with the aim
of developing a temporary cell matrix for application in bone tissue engineering. It has been
demonstrated that by simply adjusting the applied femtosecond laser parameters - energy and scan
speed - precise control of the surface properties of the PMC matrix, such as roughness, porosity
and wettability, can be achieved without changing its elemental composition and chemical
structure.

In the second direction, as the main result in a dissertation work, is the development of a
temporary cell matrix model for application in muscle tissue engineering by processing with
femtosecond laser pulses biopolymer 2D thin layers based on extracted and purified silk fibroin.
The proposed laser surface modification method by selecting different combinations of energy and
scan speed enables the development and design of 2D fibroin-based muscle matrices, and can be
successfully applied to improve their surface properties with a high level of accuracy in relation to
the specific needs of the cell line.

One of the main contributions of the PhD student is that additionally, based on these results,
a methodology and protocol for the synthesis of biopolymer thin fibroin-based layers and 2D
polymer matrices in the form of polylactic acid plaques with specific application in tissue
engineering of muscle and bone tissues. This methodology and protocol will allow the rapid
application of the obtained results in the design and construction of biologically active materials in
medicine.

In the presented scientific articles, the candidate participates in co-authorship with other
scientists. It is noteworthy, however, that in 2 of the 3 articles required for the doctoral degree, PhD
student Lilia Angelova participated as the first author, which is convincing evidence of her
scientific contribution.

4. Critical notes of the reviewer on the dissertation work.

[ did not notice any mistakes and ambiguities and | have no critical remarks and
recommendations to the candidate regarding the dissertation work.

5. The reviewer's personal impressions of the doctoral student.

[ have known PhD student Lilia Angelova for about 10 years as an employee at the Institute
of Electronics of the BAS. | have not worked directly on scientific tasks with her, but from the



conversations, I have had very good impressions of her basic knowledge of biophysics and
enthusiasm in her scientific activity.

6. Conclusion

The dissertation work, as well as the documents and materials presented by PhD student
Lilia Angelova, meet all the requirements of the Law on the Development of the Academic Staff
in the Republic of Bulgaria (LDASRB) and the Regulations for the Implementation of LDASRB.
The doctoral student has presented a sufficient number of scientific works and has collected a total
of 812 credits, which fully cover the necessary mandatory minimum requirements of Training
center-BAS (200 credits). After getting acquainted with the dissertation work and the presented
articles and reports published as materials at various conferences and based on the analysis of their
significance, I am convinced that the scientific and scientific-applied contributions contained in
them are sufficiently significant and in connection with this:

I propose with full conviction to the respected members of the Scientific Jury to
propose to the Scientific Council of the Institute of Electronics — BAS, that doctoral student
Lilia Plamenova Angelova be awarded the educational and scientific degree "Doctor' in the
field of higher education 4. Natural sciences, mathematics and informatics in professional
direction 4.1. Physical Sciences (Physics of Wave Processes).
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