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REVIEW

on the competition for the academic position of "Associate Professor” in the field of higher
education 4. "Natural Sciences, Mathematics, and Informatics", professional direction 4.3.
"Biological Sciences", scientific specialty: "Biophysics", announced in DV issue 27 of
24.03.2023

with candidate: Assis. Prof. Dr. Severina Yordanova Semkova

by Prof. Dr. Natalia Krasteva, Institute of Biophysics and Biomedical Engineering, Bulgarian
Academy of Sciences, member of the scientific jury for the selection of a professor, in
accordance with Order No. 344 of 19.05.2023 by the Director of IBPhBME.

1. General Overview of the Submitted Materials

Assoc. Prof, Dr. Severina Semkova is the only candidate in the competition for the position of
associate professor at the section "Electroinduced and Adhesive Properties” at IBPhBME,
Bulgarian Academy of Sciences. Her submitted materials comply with the Regulations for the
scientific development of the academic staff at IBPhBME. BAS, and the criteria for appointment
to the academic position of "Associate Professor." All necessary documents and evidentiary
materials have been accurately prepared and presented in electronic format. Lists of the
candidate's entire scientific output, including publications and citations, as well as copies of the
publications submitted for the competition, have been presented. All works fall within the
scientific field of the announced competition and have not been previously submitted for
transitional competitions for the candidate's educational and scientific degrees of "Doctor" or for
the position of "Chief Assistant."

According to the information provided by the candidate, the total number of points based on the
scientometric indicators is 530 points (Indicator A - 50, Indicator B - 112 points, Indicator C -
222 points, and Indicator D - 146 points), while the minimum required points for the position of
"Associate Professor" according to the reference is 430 points, as per the regulations of the
National Evaluation and Accreditation Agency (NEAA) and IBPhBME, BAS.

2. Education and Professional Development

Severina Semkova obtained a Bachelor's degree in Molecular Biology in 2011 and a Master's
degree in Biophysics from the Faculty of Biology at Sofia University "St. Kliment Ohridski" in
2013. From 2014 to 2017, she was a regular Ph.D. student at the Institute of Biophysics and
Biomedical Engineering. Bulgarian Academy of Sciences (IBPhBME), in the section
"Electroinduced and Adhesive Properties," under the supervision of Assoc. Prof. Biliana
Nikolova from the same section, and Prof. Rumyana Bakalova-Zheleva, D.Sc., from the Medical
Faculty of Sofia University "St. Kliment Ohridski." In 2017, she defended her doctoral thesis on
"A Combined Approach for in vitro and in vivo Visualization of the Penetration and Localization
of Fluorescent Nanoparticles in Tumors following Electroporation” and obtained the educational
and scientific degree of Doctor in the field of Biophysics.

Her scientific career began in 2016 as a biologist specialist at the Institute of Biophysics and
Biomedical Engineering. BAS. From 2017 to the present, she has been working as a Chief
Assistant in the same institute, within the section "Electroinduced and Adhesive Properties.”
Severina Semkova has participated in international schools in Romania in 2012 and 2015. She
has also undergone multiple training sessions at the QST Hospital/National Institutes for



Quantum Science and Technology (QST/NIRS) in Japan, including one month in 2014, one year
from 2018 to 2019, and one month in 2020. All of these experiences have significantly
contributed to her development as a scientist in the field of biophysics and her scientific and
career growth.

3. Expert and Organizational Activities

Severina Semkova has prepared 3 reviews for journals indexed in Scopus and Web of Science.
She has also served as a member of the organizing committees for scientific forums organized by
IBPhBME. BAS. Additionally. she has been the project leader for 3 national research projects,
two under the Program for Support of Young Scientists and Ph.D. Students in BAS in 2016 and
2017, and one under the National Science Program "Young Scientists and Postdoctoral Fellows"
for the year 2019, module "Young Scientists."

4. Teaching Activity

Since 2014, Severina Semkova has been an honorary lecturer in "Biophysics" for first-year
students majoring in "Medicine" at the Faculty of Medicine, Sofia University "St. Kliment
Ohridski," Department of Physics, Biophysics, and Radiology.

5. Evaluation of Scientific Production and Scientometric Indicators of the Candidate

5.1. Overall Assessment

Assoc. Prof. Dr. Severina Semkova has 26 publications, out of which 22 are in journals with
impact factors (7 in Q1, 12 in Q2, 2 in Q3, and 4 in Q4 categories). with a very impressive total
impact factor of 75.223. She has 3 publications with impact ranks (SJR), and 1 in a conference
proceedings in the Bulgarian language.

Among the publications of Dr. Semkova, 4 are included in her doctoral thesis. 2 in the
application for the academic position of "Chief Assistant,” 17 in the competition for the
academic position of "Associate Professor," and an additional 3 publications that were not
submitted for the associate professorship competition.

Her scientific works have been cited 93 times (according to the candidate’s reference), and
according to the data from the world database "Scopus" as of July 27, 2023, they have been cited
106 times. Her h-index in Scopus is 7.

In the competition for the academic position of "Associate Professor," Assoc. Prof. Dr. Severina
Semkova has submitted 17 scientific articles published between 2018 and 2023, with a total
impact factor of 51.989. Among these articles, 15 were published in international journals with
impact factor and Q rank (4 in Q1,9 in Q2, and 2 in Q3), while 2 publications had Q rank (Q4)
without an impact factor, only SJR rank.

Among the publications. 6 are included in her habilitation work (Criterion B), with 1 publication
in Q1 rank, 3 in Q2 rank. 1 in Q3 rank, and 1 with SJR rank.

The remaining 11 publications, outside the habilitation work (Criterion C), consist of 3 in QI
rank, 6 in Q2 rank. 1 in Q3 rank, and 1 with SJR and Q4 rank.

The presented works after her Chief Assistant position demonstrate intense research work, as all
publications are from the last five years (2018-2023). The scientific topics address current issues
related to the search for new natural substances with antitumor effects (isolated from certain
types of algae and bacteria) and elucidating their mechanisms of action; electrochemotherapy for
local drug delivery to cancer cells; and the development of drug delivery systems based on
nanoparticles.



Assoc. Prof. Dr. Severina Semkova has participated in 15 projects (3 international and 12
national), with 3 of them being led by her.
She has also participated in 34 scientific forums, both international and national.

5.2. Evaluation of compliance with the minimum national requirements of ZRASRB for the
respective scientific field and the additional requirements of IBPhBME, BAS.

Based on the presented national criteria according to ZRASRB (the National Evaluation and
Accreditation Agency of Bulgaria) and additional requirements set by IBPhBME (Institute of
Biophysics and Biomedical Engineering) at the Bulgarian Academy of Sciences, Assoc. Prof. Dr.
Severina Semkova fulfills the following academic performance metrics for the respective
scientific field:

Criterion A: The candidate scores 50 points, meeting the minimum requirement of 50 points.
Criterion B: The candidate presents 6 scientific publications included in the habilitation work,
indexed in renowned databases such as Web of Science and Scopus. Among them, 1 publication
has Q1 rank, 3 have Q2 rank, 1 has Q2 rank, and 1 has SJR rank, with a total impact factor of
17.807.

Criterion C: There is evidence of 222 points, meeting the minimum requirement of 220 points.
These points are derived from 11 articles outside the habilitation work with a total impact factor
of 34.113. Among them. 3 have Q1 rank, 6 have Q2 rank, 1 has Q3 rank, and 1 has SJR and Q4
rank.

Criterion D: The candidate scores 146 points, far exceeding the minimum requirement of 60
points. These points are obtained from 73 citations from the Web of Science and Scopus
databases, as presented in the detailed report.

6. General Overview of the Candidate's Scientific Research Activity

The main scientific interests of Dr. Semkova, as reflected in the presented research works, are

focused on the following areas:

1. Investigating the antitumor activity of newly synthesized and understudied biologically
active substances of natural origin, with or without electroporation.

2. Developing platforms for visualization, introduction, and delivery of substances into cells
and tissues, with or without electroporation.
3. Exploring new aspects of the mechanism of action of conventional anticancer drugs.

4. Studying the redox status for cancer treatment.

Developing therapeutic approaches based on redox homeostasis.

6. Identifying new applications of approved or investigational drugs beyond their initial medical

use.

whn

The candidate's research works contribute to both fundamental and applied aspects of the field.

The main scientific contributions included in the habilitation thesis

The main scientific contributions included in the habilitation thesis are related to section III-1
[publications B1-B6]. The thesis summarizes the results of studies on the antitumor activity of
newly synthesized or understudied biologically active substances of natural origin, with or
without electroporation. The research investigated a newly isolated polysaccharide from red
microalgae, strain Porphyridium sordidum [publication B1]; a trehalose lipid produced by
bacteria strain Rhodococcus wratislaviensis [publications B2, B3]; mono- and di- rhamnolipids
(Rhamnolipids: RL-1 and RL-2) alone or in combination with cisplatin [publication B4]; and the



anticancer drugs miltefosine and cisplatin [publication B5]. All studies were conducted on
breast cancer cell lines with different metastatic potential (MCF-7 - low metastatic and MDA-
MB231 - high metastatic) and one control "healthy" cell line MCF-10A. Additionally,
experiments were performed on isolated mouse mesenteric arteries [publication B3]. Anti-
cancer activity was demonstrated for all investigated substances.

These contributions have both an original and a confirmatory character. For the first time, it has
been established that the in vitro anticancer activity of mono- and di-Rhamnolipids
(Rhamnolipids: RL-1 and RL-2) in breast cancer cell lines MCF-10A, MCF-7, and MDA-
MB231, either alone or in combination with cisplatin, is associated with the process of
autophagy [Publication B4]. This result is significant from the perspective of overcoming drug
resistance in cancer cells against cisplatin, which is one of the main reasons for the poor
effectiveness of chemotherapy in cancer treatment. It has been demonstrated that simultaneous
treatment of cancer cells with Rhamnolipids and cisplatin leads to the transportation of cisplatin
into the cell through endosomes, thereby avoiding membrane transporters that efflux the drug out
of the cell and lead to drug resistance.

It has also been established that:

1. Applying 75 ug/mL of polysaccharide isolated from Porphyridium sordidum - a strain of
red microalgae, in combination with 200 V/cm electroporation, reduces the viability of
MDA-MB231 cancer cells by 40% and alters their morphology, but does not affect the
normal MCF-10A cells. demonstrating improved effectiveness with combined treatment
[Publication B1].

2. Treatment with Trehalose lipid, produced by Rhodococcus wratislaviensis strain, has a
dose- and time-dependent effect on the morphology, adhesion, viability, migration, and
colony-forming potential of breast cancer cells, but it does not affect the contractility of
mesenteric arteries in vitro, making it suitable for potential medical applications without
possible side vascular effects [Publications B2 and B3].

3. When comparing the effects of two anticancer drugs, differing in their mechanisms of
action, Miltefosine and cisplatin (cis-Pt), on two different types of breast cancer (low
metastatic (MCF-7) and highly metastatic (MDA-MB231) cell lines) and one "normal"
epithelial (MCF-10A) breast cell line, it was found that the "normal" MCF-10A cells are
strongly affected by Miltefosine but not by cis-Pt. On the other hand, the MDA-MB231
cell line is more susceptible to cis-Pt than the MCF-7 cells, while both cancer cell lines
are equally affected by Miltefosine. Significant differences in the thermodynamic profile
of the cancer cell lines and healthy cells with the same origin (breast cancer) after
treatment with Miltefosine and Cisplatin have been demonstrated [Publication B5].

4. It has been confirmed that electrochemotherapy is a promising method to complement
modern therapeutic strategies for cancer treatment. following the concept of personalized
medicine [Publication B6].

The scientific contributions out the habilitation thesis

The contributions outside the habilitation work present data from section I1I-2 [Publications I'1-
I'11] and are aimed at developing platforms for visualization and delivery of substances into
cells, as well as therapeutic approaches based on the cellular redox status. New aspects in the
mechanism of action of conventional anticancer drugs have also been investigated.

The contributions from section II are of fundamental and scientific-applied significance.



[t has been proven that:
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Electroporation accelerates the release of conventional organic dyes from nanocarriers
(chitosan-based pol ymerosomes), but not of fluorescent contrast agents (quantum dots). It
has been shown that quantum dot-loaded polymerosomes are suitable for fluorescent
labeling and nano-systems for targeted delivery of substances for in vitro and in vivo
applications, providing high traceability. It has also been established that polymerosomes
loaded with organic dyes of different molecular weights (such as FITC dextrans) are a
simple model for visualizing and predicting the release rate of small organic molecules
from polymeric matrices [Publication I'1],

An EPR methodology has been developed for detecting superoxide overproduction in
living cells and their differentiation (cancer from non-cancerous cells) based on
intracellular redox status. It has been confirmed that the used nitroxide radicals penetrate
cells and serve as suitable contrast agents for distinguishing non-proliferating, slowly
proliferating, and rapidly proliferating cells, approaching "perfect" redox sensors. This
EPR methodology is applicable to isolated cells, tissue samples (including biopsies), and
body fluids. Nitroxide-enhanced EPR spectroscopy provides greater possibilities than
conventional analytical tests for assessing intracellular reducers and oxidizers since the
method provides information about their balance [Publication I'2].

For the first time, it has been reported on the synergistic cytotoxicity and anticancer
effects on cells from patients with acute lymphoblastic leukemia, breast cancer, and colon
cancer upon combined treatment with Resveratrol and conventional chemotherapeutics
(Everolimus and Barasertib); a combination of EPR and SN38 and electro-treatment, and
Menadione/Ascorbate in combination with the redox modulator Docosahexaenoic acid
(DHA). These effects have been linked to changes in the redox homeostasis of cells,
leading to cell death through apoptosis/ferroptosis. The results from these studies provide
a basis for developing new protocols for cancer therapy based on the combined
application of redox modulators with anticancer activity and chemotherapeutics
[Publications I'3] [T'4] [T'S] [T'6] [I'7] and [T"'10].

It has been experimentally demonstrated for the first time that the expression of MDR-
associated transporters, responsible for intracellular drug delivery (EPR and SN38) in
cancer cells, increases after electrotreatment. This indicates the potential of
electroporation to increase the sensitivity of cancer cells to conventional anticancer
therapy [Publication I'6).

In vivo studies have been conducted on animal models with cancer, showing that oral
intake of Menadione/Ascorbate may have a favorable effect on the immune system of the
body. making cancer cells "visible" and likely more vulnerable to natural immune cells.
Quantum sensors for tracking the total antioxidant (reducing) capacity and/or oxidative
stress in living objects have been developed using modern imaging techniques such as
EPR, MRI, and optical imaging. These sensors are dual-component systems: (i) a sensor
for the overall antioxidant capacity TRC — QD@CD-TEMPO; and (ii) a sensor for the
level of oxidative stress — OxiStress — QD@CD-TEMPOH. The sensors transform from a
paramagnetic radical form (QD@CD-TEMPO) to a diamagnetic hydroxylamine form
(QD@CD-TEMPOH) and vice versa, according to the nitroxide redox cycle. Studies
show that penetrating contrast-enhanced multimodal sensors provide the ability to assess
the oxidative and reducing capacity of cells and the balance between oxidants and
reducers in vitro and in vivo. It has been established that the TRC sensor is suitable for
analyzing low levels of redox imbalance associated with ROS overproduction, especially



superoxide, using contrast-enhanced-MRI. The sensors can be used simultaneously with
three imaging techniques: EPR, MRI, and optical imaging [Publication I'9].

7 The redox-related anticancer activity of two different substances has been investigated
and demonstrated: the antimalarial drug (Artemisinin) and the antiparasitic drug
(Fenbendazole). These substances are applied alone or in combination with redox
modulators in various cell lines and exhibit antiproliferative and cytotoxic effects
[Publications [I'8] m [I'L1].

The scientific contributions are relevant to the competition's theme and can be classified as
gaining new knowledge and proving new facts, enriching existing theories and knowledge. No
critical remarks are made regarding the presented scientific works by the candidate.

Candidate's Personal Contribution

The publications submitted for the competition are authored by both Bulgarian and foreign
scientists. Dr. Severina Semkova is the first author of five of the reviewed publications, which
demonstrates her significant contribution to all the published works.

Personal Impressions

[ have known Dr. Severina Semkova personally since 2014 when she won the competition for a
regular doctoral student position at our institute, and my impressions of her are that of a
responsible and hardworking young scientist. motivated for scientific work, and with great
potential for academic development. This is an important aspect that emphasizes not only her
scientific competence but also her personal qualities, which make her a suitable candidate for the
academic position of "Associate Professor.”

CONCLUSIONS:

The materials presented by Dr. Severina Semkova for the competition meet the requirements for
the academic position of "Associate Professor” according to the Law on the Development of the
Academic Staff in the Republic of Bulgaria (LDSASRB), the Regulation for its Application in
the Bulgarian Academy of Sciences (BAS), and the specific requirements of the Institute of
Biophysics and Biomedical Engineering - BAS. The scientific output, significant contribution of
the scientific papers to the development of the scientific field, and international recognition
provide perspectives for future research and define the candidate in the competition as a highly
qualified scientist in the field of biophysics. This allows me to express my positive opinion about
the candidacy of Dr. Severina Semkova for the academic position of "Associate Professor" and
to recommend to the members of the scientific jury to vote positively, and for the Scientific
Council of the Institute of Biophysics and Biomedical Engineering - BAS to elect Dr. Severina
Semkova to the academic position of "Associate Professor” in the professional field 4.3
Biological Sciences, scientific specialty Biophysics.

Date: 02/08/2023
Prof. Natalia Krasteva



