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1 Introduction

Regretfully, because of her sudden demise, Assoc. Prof. Ekaterina Borisova is no longer amongst us.
COVID-19 pulled away a brilliant scientist during the peak of her scientific career (see Fig. 1). All
authors would like to express deepest condolences and sincere support to her family, friends, relatives
and colleagues! We, therefore, rightfully commemorate her dedicated and devoted contribution to
biophotonics, her readiness to always support, help, motivate and inspire all her colleagues and

collaborators.
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Fig. 1 Assoc. Prof. Ekaterina Borisova examining samples under microscope.
2 Biography

Ekaterina Borisova was an alumna in Medical Physics and Laser Physics from Faculty of Physics, Sofia
University, Bulgaria. Her PhD degree in Physics was obtained from the Institute of Electronics —
Bulgarian Academy of Sciences (IE-BAS) in 2005. At the age of 29 she was one of the youngest
researchers in Bulgaria to reach the academic position of Associate Professor. In 2012 she became a
Scientific Secretary of IE-BAS, in 2014 — Member of the Academic Council in the BAS and in March
2016 she was elected as a member of the Executive Council of the BAS. She has a great publication
impact as author/co-author of six book chapters, more than 120 articles in peer-review journals and full
texts conference reports, five national and European patents in the field of biophotonics.
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Assoc. Prof. Ekaterina Borisova’s scientific contribution was recognized with senior membership of
SPIE (2015), SPIE community champion award (2021). She was also the member of the European
Physics Society, European Society of Photobiology, European Platform of Photodynamic Medicine and
Union of Physicists in Bulgaria. In 2019 she was elected to the class of OSA Senior members. The
research of Assoc. Prof. Ekaterina Borisova in the field of optical spectroscopy of human tissues for
oncologic applications was honored with the BAS Prize for best young scientist in the field of Physics
(2004), Prize “Pythagoras” of the Ministry of Education and Sciences for the Best Young Scientist in
Bulgaria in the year 2012. She was one of the winners to receive an UNESCO / L’Oreal fellowship
“For Women in Science” for Bulgaria in 2014.

Her professionalism and devotion to science was recognized with inclusion in the editorial
board of the Journal of Biomedical Photonics & Engineering. A large amount of the duly efforts of
Dr. Ekaterina Borisova were focused on the clinical implementation of spectroscopy methods for
cancer detection, so called optical biopsy in the University Hospital “Tsaritsa Yoanna —ISUL”, Sofia,
Bulgaria. She started and took an active part in the foundations of the Biophotonics laboratory and
the National Center of Biomedical photonics in the Institute of Electronics, Bulgarian Academy of
Sciences. Assoc. Prof. Borisova was a supervisor of numerous undergraduate students who finished
their academic education and many of them pursued a carrier of researchers with her guidance and

support.

3 Scope of Research

The primary scientific topic of Assoc. Prof. Ekaterina Borisova was the optical techniques for
diagnostics and development of laser and optical systems for biomedical and clinical application. The
scope of her research included fluorescence and diffuse optical spectroscopy (DOS), application of
novel photosensitizers and photodiagnosis, photodynamic therapy, opening of the blood brain-barrier,
Raman spectroscopy of biological tissues, photoinactivation of pathogens, application of polarized light

techniques in fluorescence spectroscopy and in tissue polarimetry for cancer detection.

3.1 Skin optical biopsy

In the last 10 years she worked persistently on one of her ultimate research goals — the development of
a clinical device for objective diagnosis of cutaneous lesions. Her pioneering work was focused on
detailed investigations of the fluorescence and DOS optical properties of skin ex vivo and in vivo
[1-22]. The main fluorophores and chromophores, as well as their diagnostic value for differentiation
of skin lesions versus normal tissue have been evaluated [23, 24]. The applicability of different
approaches for data processing was also investigated [25-28]. From then on, she had been patiently
gathering spectral data for the development of a robust algorithm for tissue classification [26, 28]. These
studies resulted in the creation of a prototype device for diagnosis of cutaneous lesions that goes now
through the clinical trials stage. She further focused on optical biopsy of skin with the study of new
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optical modalities and combinations of complementary techniques for the diagnosis of pathological
tissue alterations [29-35].

A cooperative work between Assoc. Prof. Ekaterina Borisova and Prof. Petya Pavlova from
Technical University Sofia, branch Plovdiv, started in 2004, when significant efforts were spent to
find suitable method for automated classification of skin diseases using spectra and extracting some
etalon distributions. The first result was presented at IX national conference of “Biomedical physics
and engineering”, Sofia, 2004. Assoc. Prof. Ekaterina Borisova showed a part of this work at
Conference on Lasers and Electro-Optics Europe (2007) [25]. Non-traditional techniques were used
for testing similarity by applying mathematical transformations from colorimetry. This method
provided options to connect the spectrums with the digital images of lesions. The results were
presented at XVII International Laser Physics Workshop, (LPHYS’09) in Barcelona [19] and were
included in the specialized book “Melanoma in the Clinic — Diagnostics, Management and
Complications of Malignancy” [36]. We also tried to involve scientists from other areas expanding
the comparative analysis with use of neural networks and presenting the results at technical
conference of IFAC “Technology, culture and international stability” [28].

Assoc. Prof. Ekaterina Borisova was always ready to embrace new ideas and scientific
horizons, for instance, by adopting multimodal techniques, including multispectral, fluorescence
lifetime and Raman imaging/spectroscopy for skin diagnosis/analysis [37-38] and autofluorescence

spectroscopy of cutaneous neoplasia under different spectral domain excitation wavelengths [39].

3.2 Autofluorescence and photodiagnosis, photodynamic therapy of gastrointestinal tract

Assoc. Prof. Ekaterina Borisova was also directing her efforts to the improvement of gastrointestinal
cancer diagnostics by using endogenous and exogenous fluorescence imaging and spectroscopy. A
detailed study on the endogenous fluorophores in the lower part of the gastrointestinal tract investigated
with the fluorescence spectroscopy was carried out in the framework of this topic [40—42]. The
implementation of a novel technique for tissue investigation — synchronous fluorescence spectroscopy,
resulted in better addressing of the endogenous fluorophores observed in tissues [43—46]. The biological
origin of the fluorescence contrast between cancerous and healthy gastrointestinal tissue was one of the
main investigated areas [47], to determine more sensitive and specific optical markers for tissue
differentiation and early detection of gastrointestinal cancer with autofluorescence diagnostics.

Moreover, Assoc. Prof. Ekaterina Borisova also worked on photodiagnosis and photodynamic
therapy of gastrointestinal tract. Her work included the investigation of novel photosensitizers and
the optimal parameters for their irradiation and photodynamic activation [48-57]. As a result,
significant amount of her work was dedicated to the photodynamic diagnosis [48, 58], photodynamic
efficacy [59] and therapy as well [60—63].
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3.3 Photodynamic opening of blood-brain barrier

Another significant scientific scope of research was extensively studied by Assoc. Prof. Ekaterina
Borisova and colleagues — the photodynamic opening of the blood-brain barrier [64] and evaluation of
pathways for brain clearing [65], also including the use of different photosensitizers [66], optimizing
laser technologies for targeted opening of the blood-brain barrier and targeted drug brain delivery
[67, 68].

3.4 Polarization-sensitive optical techniques

Additionally, polarized light-based techniques were also implemented as label-free diagnostic
modalities for biomedical applications. Firstly, the polarization effects in autofluorescence spectra were
reported [69], later on this work was extended to obtain polarization sensitive excitation-emission
matrices for colorectal tumor detection [70]. In 2017 an international scientific “POLHIS” project was
initiated with the LPICM, Ecole Polytechnique, France, for digital histology of tissues with Mueller
matrix microscopy. Thereafter, the polarimetric diagnosis of tissues became a focus of another
cooperation with the Institute of Optical Materials and Technologies, “Acad. J. Malinowski” —
Bulgarian Academy of Sciences, yielding several proceedings papers [71-73], one of which was
recognized with Best Student Paper Award from the SPIE [74]. Further, a memorandum for cooperation
between the IE-BAS and the University of Oulu, Finland, was useful to produce other prolific results
in the field of tissue polarimetry [75—77], where one of the manuscripts was awarded with a Cover Page
in the Journal of Biophotonics [75]. A currently ongoing project between the IE-BAS and the
Department of Biophysics from Manipal School of Life Sciences and Manipal Academy of Higher
Education, India, has also demonstrated the important scientific findings on polarimetric detection of
the malignant lesions of the digestive system [78] within the framework of the Machine-Learning
approach [79]. Also, a review article is submitted and entitled as “Types of spectroscopy and
microscopy techniques for cancer diagnosis: a review” to Lasers in Medical Sciences [80]. In memory
of Assoc. Prof. Ekaterina Borisova, we are editing a book entitled “Optical Polarimetric Modalities for

Biomedical Research” in Springer-Nature [81].

3.5 Modelling and Monte Carlo simulations

During the last few years, in a collaboration with Prof. Igor Meglinski (Oulu, Finland) and Dr. Tatiana
Novikova (CRNS, France), Assoc. Prof. Ekaterina Borisova expressed her interest to their pioneering
studies dedicated to propagation of cylindrical vector laser beams through turbid tissue-like scattering
medium [82—-84]. Assoc. Prof. Ekaterina Borisova provided tissue samples to the team and, therefore,
the ground-breaking experiments of transferring shaped light carrying orbital angular momentum
through the cancerous and non-cancerous tissues [84—86] became possible. Thus, with Katia’s input we
expect further revolutionary developments in Biomedical Optics and Biophotonics with so-called
twisted light.
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4 Prolific international collaborations

For many years, together with Alexander Priezzhev and Valery Tuchin, Assoc. Prof. Ekaterina Borisova
led the Biophotonics section at the world-famous International Conference Laser Optics (ICLO) in
St. Petersburg, was the editor of special issues of the world's leading journals in the field of biophotonics
and biomedical optics, collaborated with many scientific groups, including several groups at Saratov
State University (in addition to the already mentioned joint publications see more [65, 68, 87-98]),
Moscow State University and the Polytechnic of Porto.

In a very prolific way, Ekaterina Borisova had been successfully gathering scientists from
different countries and institutions to work together. Recently, in Saratov through the efforts of the
Institute of Electronics, Bulgarian Academy of Sciences, together with SSU, SSMU, Institute of
Biochemistry and Physiology of Plants and Microorganisms and Precision Mechanics and Control
Institute of the Russian Academy of Sciences, the development of a new strategy for the combined
treatment of a tumor has begun, namely, the plasmon photothermal and photodynamic anticancer
therapies using nanocomposites of gold nanoparticles with a novel type photosensitizer. The first
results showed the effectiveness of the approach [98], but unfortunately, they were suspended.
Ekaterina was the link between scientific groups from Bulgaria and Russia that synthesized agents
and nanocomposites and conducted animal tests. For all of us, the loss of Assoc. Prof. Ekaterina
Borisova is very painful. We hope to be able to continue research in memory of her.

Furthermore, Ekaterina Borisova had good collaboration with many Russian groups. During
3 years she has joint projects with Oxana Semyachkina-Glushkovskaya’s team in Saratov State
University. Assoc. Prof. Ekaterina Borisova was PI of the project from Russian Foundation of Basic
Research (2017-2018) “Development of new optical technologies for improvement of diagnostics
quality of gastric cancer”. The aim of the project was to develop innovative technologies for sensitive
diagnosis of the initial stages of gastric cancer and ways to prevent the development of metastases,
as well as preventive methods to reduce the incidence of this pathology in risk groups. In 2021,
Ekaterina received the grant from Russian Science Foundation. The idea of this project was to develop
the specific antibodies for fluorescent gastroscopy and detection of malignant changes in stomach.
Assoc. Prof. Ekaterina Borisova was also co-PI of project “Development of a pilot technology for
early diagnosis of gastric cancer based on fluorescent gastroscopy using immune antibodies to
PD-L1*. The project solves the urgent and complex problem of early diagnosis of gastric cancer based
on the application of pioneering discoveries in the field of immunology of malignant tumors and the
development of a new direction in the molecular diagnosis of cancer based on the use of antibodies
to PD-L1 — the ligand of programmed death. Russian-Bulgarian collaboration was very productive,
including organization of exchange of students, training courses and publication more than 30 articles
in the peer review journals (see Refs. [64—68, 87-99]) as well as preparation of several thesis of
candidate of science. She kindly allowed us to publish for the first time the maps of autofluorescence

emission of normal skin in vivo measured by her in the monograph (Fig. 5.5) [93] and was very proud
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about that. The ideas of Ekaterina will be continued in further research at Saratov State University
with the sunny memory about the best friend and bright scientist.

In 2019, Luis Oliveira invited Ekaterina Borisova and Irina Larina from the Baylor College
of Medicine in Texas, USA, to organize a biophotonics session in the PHOTOPTICS conference,
which was held in Malta on February 2020 [100]. Although COVID-19 was starting to spread by that
time, their joint efforts brought many worldwide known speakers to Malta to participate in this
session, turning it a success. Also, in mid-2019, Ekaterina Borisova invited Luis Oliveira, so that they
could both serve as co-editors of a special issue of the Journal Electronics (MDPI), with the title
“Advanced Laser Technologies for Biophotonics”, which was open for submissions until June 2021
[102].

Another close collaboration between Assoc. Prof. Ekaterina Borisova and Samara National
Research University started in 2019 with a joint project “Multivariative Raman and fluorescence
diagnosis of cutaneous tumors”. Within this project, scientists from Sofia and Samara tried to
combine optical techniques in order to increase the efficiency of skin cancer diagnosis. This
collaboration provided an opportunity to perform joint studies of ex vivo tumors [102] and analyze
the in vivo data collected both in Sofia and Samara [32], including data that helped to detect such rare
tumor as amelanotic melanoma [103]. During her short visit to Samara (November 2019)
Assoc. Prof. Ekaterina Borisova presented a number of lectures in Samara State Medical University
and in Samara National Research University devoted to fluorescent diagnosis of tumors. One of
Ekaterina’s lectures was prepared for the junior scientists in the course of XVII Conference on optics
and laser physics (run by Samara branch of Lebedev Physical institute of RAS). Collaborators from
Sofia and Samara have extensive plans to continue the joint research and experimental work together.

Over the last decade, a number of Assoc. Prof. Ekaterina Borisova’s activities involved
collaboration with researchers of the Biophotonics Laboratory at University of Latvia led by
J. Spigulis. After meetings and discussions at several international conferences (including SFM-2012
in Saratov), Ekaterina’s PhD student Alexandra Zhelyazkova participated at the first Biophotonics-
Riga conference in August 2013. Good working contacts were established, and next year both
Bulgarian ladies came to Riga, this time to the AOMD-8 conference where Ekaterina Borisova
presented an invited talk [27]. This conference involved also a working group’s meeting of the COST
BM1205 action “European network for skin cancer detection using laser imaging” where both Riga
and Sofia groups were represented. Regular meetings of this action took place at various European
cities (Brussels, Leeds, Sheffield, Floriana, Amsterdam, Porto, Split, Angers, Bari), which made
possible to meet Assoc. Prof. Ekaterina Borisova several times a year and to exchange the latest
research news of Riga and Sofia groups. Personal exchanges have started (Alexandra to Riga and
Dr. Ilona Kuzmina to Sofia) which resulted in a joint paper [29] presented in Ekaterina’s invited talk
at the Biophotonics Riga — 2017 conference. The next, maybe most important step in our
collaboration was the joint Bulgarian-Latvian research project “Multispectral and fluorescent
imaging of skin tumours” initiated by Katia late 2017 in the frame of collaboration agreement between

Bulgarian and Latvian Academies of Sciences. It included personal exchanges, so opening a
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possibility for J. Spigulis to present results of the Riga group at the ICSQE—-20 conference in Nessebar
[104] and to visit Katia’s lab in September 2018. In summer 2019 two researchers from Riga (1.
Lihacova and A. Lihacev) visited the colleagues in Sofia, and Katia paid a return visit to Riga in
frame of this project in November 2019. Soon after that her student Deyan Ivanov visited Riga where
joint measurements of the ex vivo skin lesion samples (brought from Sofia) were taken; the results
were reported in the SPIE BIOS’2020 conference [37]. After the Covid—19 pandemic started in March
2020, only virtual meetings were allowed; two of them included the Ekaterina’s invited talk at the
Biophotonics Riga — 2020 conference in August [33] and the invited talk of J. Spigulis at the
ICSQE-21 conference [105] in September, 2020. Assoc. Prof. Ekaterina Borisova chaired the virtual
session in this conference, full of optimism as usually.

“I have always admired Katia's energy and optimism, as well as the fact that the difficult
position in which she had to compete with the rest of the world did not stop her from doing it anyway,”
writes Dick Sterenborg from the Academic Medical Centre in Amsterdam and the Netherlands
Cancer Institute. At her invitation, I twice traveled to Nessebar, next to the Burgas, Bulgaria, where
she created a pleasant and comfortable atmosphere at the conference, and together we tried to get a

grant, but it never came to real cooperation, her passing away prevented.

—

Fig. 2 Assoc. Prof. Ekaterina Borisova at the VII International Symposium “TOPICAL PROBLEMS
OF BIOPHOTONICS —2019” (TPB-2019) held on board of a river ship cruising along the Volga
river (Russia) from July 27 through July 31, 2019, organized by the Institute of Applied Physics of the
Russian Academy of Sciences and the Privolzhskiy Research Medical University as a continuation of
the previous TPB symposia held biannually from 2007 through 2017 that attracted leading experts in
the field of biophotonics from around the world.

Ekaterina Borisova’s capability to organize and host scientific events has resulted in the
completion of numerous international meetings in Bulgaria and all over the world. She gained
experience in hosting international scientific events being the chair of the 15" International School
on Quantum Electronics which took place from 15 to 19 September 2008 in Bourgas, Bulgaria,
established by Institute of Electronics, Bulgarian Academy of Sciences [106]. For the 23" Annual
International Laser Physics Workshop (LPHYS'14) held from July 14 to July 18, 2014 in the city of
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Sofia, Bulgaria [107] and hosted by IE-BAS Assoc. Prof. Ekaterina Borisova was leading the local
organizing committee. She was in Advisory & Program Committee of the 26th Annual International
Laser Physics Workshop [108]. In 2010, she won the invitation to hold in Bulgaria in 2011 the
19" meeting of the famous annual International Conference on Advanced Laser Technologies
(ALT’11). Her brilliantly prepared proposal successfully competed with that prepared by the Italian
colleagues. The ALT’11 meeting was held in Golden Sands resort from 3 to 8 September 2011. On
institutional level, it was co-organized by the Institute of Electronics, Bulgarian Academy of
Sciences; Prokhorov General Physics Institute, Russian Academy of Sciences; International Laser
Center of M.V. Lomonosov Moscow State University and the Center for Laser Technology and
Materials, Russian Academy of Sciences. As the Chair-person of the local organizing committee
Ekaterina Borisova succeeded in holding a very successful conference. According to general opinion
of the participants (see photo in Fig. 3) the ALT 11 meeting was among the best ones held in previous

years. Selected papers presented at the conference were published in the Special Section on Laser

Technologies for Biomedical Applications of the high-ranking Journal of Biomedical Optics [109].

.,]!,
bt e

Fig. 3 Group photo of attendees of the ALT’11 meeting (Golden Sands resort, Bulgaria, from 3 to
8 September 2011), organized by Ekaterina Borisova (first on the left).

5 Conclusion

In a recent interview to the OSA journal Optics & Photonics News [110] Assoc. Prof. Ekaterina
Borisova said: “I am already the head of the “Biophotonics” laboratory at the IE-BAS. I do have a
plenty of research plans — to raise the number of optical spectroscopic techniques and instruments that
we use now for biological tissue investigations; to train new junior scientists and students in the field
of biophotonics; to work for an enlargement of the role of spectroscopic techniques for early detection
of cancer as primary and add-on tools in clinical diagnostics.” Those words embodied her lively plans
for the future, a future she was robbed of.

All those who had the privilege to know, study, work and interact with Assoc. Prof. Ekaterina
Borisova feel the immense pain of the huge loss imposed, hence, being deprived of a wonderful
colleague, teacher, leader, supervisor, friend with smart sense of humor and competency in all aspects
of life, prolific scientist, bright and unique person (see Fig. 2). Assoc. Prof. Ekaterina Borisova’s
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great legacy is to continue the work on her ideas, reach the goals she had set and follow her
inspiration.

We are grateful for the given opportunity to knew Katia, to work with her and to be her
friends! You will stay always in our hearts, Katia...
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