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1. Brief biographical data for the doctoral student

Liliya Angelova was born in 1986. In 2009, she graduated with a degree in "Molecular
Biology", OCS "Bachelor" at SU "St. Kliment Ohridski", and in 2011 he graduated with a
master's degree in biochemistry, majoring in "Molecular Biology" from SU "St. Kliment
Ohridski". In 2011, he started working at IE-BAN. In 2020, by order of the Director of IE-
BAN, she was enrolled in a regular doctoral program on the topic "Improving the
mechanism of cell dynamics through selective micro- and nano-modification of
biomaterials for application in tissue engineering". She passed the exams in foreign
language (English), information technology (MatLab) with excellent success and
successfully completed four courses recognized as specialized by the Training Center -
BAS. In June 2022, he passed the doctoral minimum exam with excellent success. In the
same year, she was appointed as an assistant in the "Nonlinear and Fiber Optics”
laboratory at IE - BAS.

2. Data for the dissertation work

The dissertation is devoted to the preparation and design of porous polymer-based cell
matrices by femtosecond laser-induced micro/nano hierarchical structuring for
application in tissue engineering of muscle and bone tissues and to obtain bio-interfaces
between recipient and foreign tissues his implant.

The dissertation consists of 192 pages and includes: Introduction; Literature review
(Chapter I and Chapter II); Experimental part (Chapter III and Chapter IV); Conclusion;
Major contributions to the dissertation; List of publications and References. The
dissertation contains 60 figures, 12 tables and 485 cited sources.



2.1. Actuality of the problem developed in the dissertation work

The topic of the dissertation is extremely relevant, because fractures and pathologies of
the musculoskeletal system are emerging as one of the main problems facing modern
medicine due to the clearly defined trend towards aging of the Earth's population.

In recent years, tissue engineering has been seen as an alternative to transplants and
regenerative methods that use artificially created tissues and organs. Micro- and nano-
modification of biomaterials can significantly improve the interaction between these
materials and cells, which is essential for successful tissue regeneration. Improving the
mechanism of cell dynamics plays an important role in understanding how cells respond
to different biomaterials and how better cell interaction can be achieved with artificially
created structures. The topic is not only scientifically interesting and interdisciplinary,
but it is socially and economically significant and is aimed at improving the quality of life.

To achieve the goal, several tasks have been set. Their brief formulation is as follows:

e Synthesis of thin biopolymer layers and 2D polymer matrices with specific
application in tissue engineering.

e (Creation of micro- and nano-hierarchical structuredness on innovative
biomaterials with precisely controlled and reproducible surface characteristics
through experimental optimization of the applied working parameters of
femtosecond laser radiation;

e Morphology and topography study of the proposed biopolymer models. Chemical,
physical and mechanical characterization before and after treatment with
femtosecond laser radiation;

e Investigation of the influence of laser modification on the samples at different
working parameters of the laser radiation;

e Characterization, analysis and comparison of the results of the experimental
measurements in order to optimize the cellular response to the created structures;

e Biological evaluation of the developed temporary cellular models of bone and
muscle tissue.

2.2. Knowledge of the state of the problem and analysis of literature data

The literature review, presented in 2 chapters (Chapter I and Chapter II), summarizes
74% of all literary sources of the dissertation.

In Chapter I, the organization of the tissues of the musculoskeletal system from the point
of view of regeneration, the main biocompatible materials used in tissue engineering of
bone and muscle tissue and the main methods of creating porous cell matrices are
discussed. On this basis, the starting materials for the development of temporary cell
matrices for bone and muscle tissue regeneration were chosen respectively: Polylactic
acid (PLA) due to its excellent mechanical properties (stability, durability, elasticity and
strength), biocompatibility, biodegradability, easy processing and thermal stability and
Silk fibroin (SF/CF), which is characterized by unique mechanical properties, controlled
degree of biodegradability and high biocompatibility.

In Chapter II, a basic review of the mechanisms of interaction of femtosecond laser
radiation with biocompatible materials as well as the main processes occurring during
this interaction is made. A comparison with the nanosecond mode of operation is made
and femtosecond laser micro-/nano-structuring for biomedical applications to enhance
cell adhesion, orientation and differentiation is reviewed.



The remaining 26% of the literary sources are cited in Chapter IV of the dissertation, in
which the main original results of the conducted analyzes are described and discussed.
359% of all cited literary sources in the dissertation are from the last 10 years.

2.3. Research methods in response to set goals and objectives

Modern methods for obtaining and characterizing the synthesized samples, which are
very well thought out and combined, have been used to fulfill the set tasks. They are
described in Chapter III as follows:

2D output matrices based on PMC, with a thickness of ~ 230 um, were prepared by
compression molding. 110 pm thick CF-based 2D matrixes were obtained by an optimized
fibroin extraction procedure.

As a result of the joint work of the teams from IE-BAN and Faculty of Physics of SU "St.
Kliment Ohridski", the experimental setup of the femtosecond laser system - Ti: Sapphire
Quantronix- Integra-C (Hamden, CT, USA) with a fundamental wavelength 2=800 nm and
laser pulse duration t=150 fs was realized and optimized. All biocompatible samples were
examined before and after laser texturing to analyze the change of their mechanical,
physical and chemical characteristics. On the two types of polymers, in the form of 2D
plates (PLA) and thin films (SF), preliminary tests (surface modification) by femtosecond
laser radiation were carried out in order to carry out subsequent optimization of the
parameters of the applied laser radiation (energy, number of pulses, scan rate) relative to
the specific features of each type of synthesized cellular matrix.

For quantitative and qualitative characterization of the laser-textured temporary cell
matrices, the thickness of the samples was measured, their surface roughness was
analyzed by a 3D optical profilometer, and the wettability was evaluated by two different
methods. The surface morphology and elemental composition were analyzed using
scanning electron microscopy and elemental analysis (SEM-EDX analysis) and atomic
force microscopy (AFM). Fourier transform infrared spectroscopy (FTIR) was used to
evaluate possible changes in chemical bonds after laser treatment. A microRaman profile
of the investigated samples was made with microRaman spectroscopy (MicroRaman).
Identification of the elemental composition and chemical state of the laser-treated
samples compared to their control surface was done using X-ray structural analysis (XPS),
and to identify the crystalline phase of the biopolymer matrices - X-ray crystallographic
analysis (XRD). A selected group of femtosecond laser modified samples were subjected
to an in vitro degradation test.

The biological evaluation of the samples was done by examining the morphology and
spread of cells in terms of adhesion, orientation, proliferation, migration and
differentiation on laser-treated matrices; cell viability cytotoxicity tests; fluorescence
microscopic observations of actin cytoskeletal networks; study of the metabolic activity
of cells on treated matrices compared to untreated biopolymer substrates.

A huge volume of experimental work has been carried out using appropriately selected
modern research methods.

2.4. Analysis of the obtained results
The research results are presented in Chapter IV (Section 1 and Section 2) of the
dissertation.

Section 1 is focused on the development of a 2D temporary cellular matrix based on PMC
for application in bone tissue engineering. The aim of this study was to optimize laser
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treatment conditions to achieve the desired improved morphologies for cell adhesion and
potential bacterial rejection. The developed 2D PMC-based temporary cell matrices were
further nanofunctionalized by depositing a thin layer of chitosan (Ch)/hydroxyapatite
(HA) by spin coating and Pulse Layer Deposition (PLD) methods. A set of cellular
experiments was performed to prepare a biological evaluation of the constructed
constructs. The obtained results were analyzed on the basis of 75 new literary sources
that were not included in the literature review (Chapter I and Chapter II) of the
dissertation.

Section 2 is devoted to the development of a 2D temporary cell matrix based on CF for
application in muscle tissue engineering, which is carried out in the following sequence:
fabrication of silk-based cell matrices (in the form of thin films and lyophilized hydrogel);
laser processing; characterization and analysis of the obtained results; seeding of muscle
and nerve cell cultures on laser-functionalized fibroin cell matrices with the aim of
studying cell adhesion, orientation and migration, as well as cell viability and metabolic
activity. The obtained results were analyzed on the basis of 43 new literary sources, which
were not included in the literature review (Chapter I and Chapter II) of the dissertation.

The presented experimental results, analyzes and conclusions show that the tasks of the
dissertation have been fulfilled and the goal has been fully achieved.

2.5. Scientific and scientific-applied contributions in the dissertation work
The contributions in this dissertation have a scientific and applied nature.

An indisputable contribution of the dissertation is the experimentally proven effect of
femtosecond laser radiation on synthetic biopolymer 2D plates of PMK with the aim of
developing a temporary cellular matrix for application in bone tissue engineering. By
changing the energy and scanning speed of a femtosecond laser, precise control of the
surface properties of the PMC matrix, such as roughness, porosity, and wettability, was
achieved without changing its elemental composition and chemical structure. The
additional surface nanofunctionalization with Ch/HA (chitosan/hydroxyapatite) of laser-
treated PMC plaques by spin coating/pulse laser layer deposition (PLD) method
represents an innovative combination of non-contact, highly precise and reproducible
methods for surface micro/nano functionalization of bone implants.

The effect of laser modification of the 2D matrix pattern for application in muscle tissue
engineering has been experimentally proven, which favors its biomedical applications.

The realized and optimized experimental setup of the femtosecond laser system opens up
many opportunities for new innovative research in the field of tissue engineering.

The results presented in the dissertation are original and reliable.

3. Assessment of the PhD student's personal contribution

I know Liliya Angelova from the experiments on determining the surface energy of the
studied samples. Her experimental work is characterized by consistency, precision and
thoroughness.

I should note here that during the years of her doctoral studies, Liliya Angelova actively
participated in 9 research projects funded by the National Fund and European
Development Bank and in one European project under the Horizon Europe program. The



results of the dissertation research have been presented at 16 national and international
scientific forums in the country and abroad. She was awarded the prize for the best poster
presentation at the Fourth Interdisciplinary Doctoral Forum with International
Participation, 16-19.05.2023, Sandanski.

Liliya Angelova is the co-author of 24 publications, of which 10 were published in
scientific journals with an impact factor, 10 - with an impact rank and 4 - in other scientific
publications. During her doctoral studies, Liliya Angelova has 125 citations, 17
publications, h-index (Scopus):5.

4. Dissertation publications

The dissertation work was written on the basis of 3 publications, two of which in a journal
with impact factor Polymers (IF=4.329, Q1) and one in a journal with impact rank - Journal
of Physics: Conference Series (SJR:0.21, Q4). Doctoral student Liliya Angelova is the first
author in two of the publications.

The high publication activity of the doctoral student, as well as the number of noticed 125
citations, are an excellent indicator of the relevance of the scientific problem and the
significance of the obtained results.

5. Evaluation of the Abstract booklet

The abstract is very well designed and meets the requirements for volume and content.
The main activities obtained results and contributions are reflected in the dissertation.

6. Critical Notes and Questions

I have remarks regarding the numbering of figures and tables in the text of the
dissertation. There is no consistency in their numbering. A few technical errors have been
noted which in no way detract from the impression of an excellent done job.

I have the following questions and comments:

e In her dissertation, the doctoral student refers to data from World Population
Prospects: the 2022 Revision. What are the data on fractures and pathologies of
the musculoskeletal system in Bulgaria in recent years?

e What is the error in determining the value of the free surface energy presented on
page 156 in the table 3?

e What are the optimal values of the morphological parameters of the studied cell
lines to improve cell adhesion?

7. Reasoned and clearly formulated conclusion.

The presented dissertation work is original, related to the preparation and design of
porous polymer-based cell matrices by femtosecond laser-induced micro/nano
hierarchical structuring for application in tissue engineering of muscle and bone tissues
and to obtain bio-interfaces between recipient tissues and the foreign implant for his
body.



The contributions in the dissertation are substantial and have a scientific-applied nature.
The work done on the dissertation is huge, very large amount of experiments have been
done. Important results published in the prestigious journal - Polymers (IF=4.329, Q1) and
in the Journal of Physics: Conference Series (SJR:0.21, Q4) were achieved. In two of the
dissertation articles, Liliya Angelova is the first author. Some of the results of the
dissertation have also been presented at scientific forums. So far, 125 citations have been
noticed, which proves the relevance of the developed topic. Undoubtedly, Lilya Angelova's
contribution is significant.

The dissertation work presented for review and the scientific data of Lilya Angelova meet
and even exceed the national requirements for awarding the ONS "Doctor” in the Law on
the Development of the Academic Staff in the Republic of Bulgaria and the Rules of its
Application of the ZRASRB of the BAS and the IE- BAS.

In conclusion, I express my agreement and recommend to the respected Scientific Jury to
award the educational and scientific degree "Doctor" in professional direction 4.1
Physical Sciences, doctoral program "Physics of Wave Processes” to Liliya Plamenova
Angelova.

September 7t, 2024 Reviewer:

/Assoc. Prof. Dimitrina Kerina, PhD/



