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BUKJIAJJAHHSI BUBIPKOBOI'O KYPCY «KJIITUHHI TEXHOJIOT'Ti
B MEJJUIIHI»

Abstract. Significant progress in biomedical science over the past decades has led to the rapid development of regenerative medicine.
Skillful use of the therapeutic potential of stem cells creates opportunities for treating a range of previously untreatable diseases. Today,
the number of regenerative medicine centers is constantly increasing worldwide. Regenerative medicine is rightfully considered the
medicine of the future. To provide students with the opportunity to master advanced scientific knowledge in this field, the elective course
“Cell Technologies in Medicine” was developed at I. Horbachevsky Ternopil National Medical University. This article is dedicated to
analyzing the content of this course and the experience of teaching it to the students of Training Program “General Medicine”, specialty
222 “Medicine”. The aforementioned elective course includes 20 hours of training sessions and 70 hours of independent student work.
It consists of 10 comprehensive topics covering various aspects of cell technologies, gene therapy, transplantation, bioengineering, and
their applications in medicine. Based on a retrospective analysis of elective course data, it is evident that this subject has experienced a
significant rise in popularity among students, as indicated by the steady annual increase in the number of students choosing to study “Cell
Technologies in Medicine”. This trend underscores the growing recognition of the course relevance and attractiveness, highlighting its
effectiveness in imparting valuable scientific knowledge and practical skills to future medical professionals. The course curriculum is
built on a competency-based approach to education and aims to engage students in innovative activities and develop their critical think-
ing skills through a combination of training sessions and the use of online resources. Feedback from students has been predominantly
positive, attesting to the elective course ability to provide comprehensive insights into advanced cell technologies and their application
in modern clinical practice. In the future, our research efforts will focus on exploring opportunities for collaboration and knowledge
exchange with other universities, both national and international, to further enhance medical education in the field of regenerative
medicine. The current possibility for students to create their individual educational trajectories through the elective component paves
the way for forming a new generation of qualified and highly knowledgeable medical professionals.
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Amnoranis. 3HauHuii iporpec 6ioMeAUYHOT HayKY 3a OCTaHHI e CATUITITTS] 3yMOBUB CTPIMKHI PO3BUTOK PereHepaTuBHOT MeAULIMHU.
BMiJle BUKOPUCTaHHSI TeparieBTHYHOIO MOTEHL{iany CTOBOYPOBUX KJ/IITHH CTBOPIOE MOXK/IMBOCTI [ijisl JIIKYBaHHSI HU3KHM HEBUJTIKOBHHX
paHinie 3axBoptoBaHb. HuHi y CBIiTi MOCTiMHO 3pOCTae KibKIiCTh LIeHTPIiB pereHepaTUBHOI MeJULIMHY, SIKa 110 [1paBy BBXKAE€ThCS MeJU-
LiHOIO MaibyTHboro. I1106 HagaT 3700yBayaM BUILO] MeAIMUHOI OCBITH LIIAHC OBOJIOZITH MepejOBUMH HAyKOBUMH 3HAHHSIMU B JJaHiN
rajysi, y TepHOMiIbCbKOMY HalliOHaIbHOMY MeuuHOMY yHiBepcuTeTi imeHi 1. §1. TopbaueBcbkoro MO3 Ykpaitu po3po6/ieHo BUbipkoBy
nucuuriiny « KmiThHHI TexHomoril B MeULIMHI». [laHy CTaTTIO MPUCBSYEHO aHasi3y 3MiCTy L€l JUCLUIIIIHU Ta 0CBi/ly BUK/IaZlaHHS
rpejMeTa Jijisl CTY/IeHTIB, 110 HABYalOTLCS 38 OCBITHBOIO NpOrpamoro «JIikyBasbHa cripaBa» crieLjianbHOCTI 222 «MeanuyHa». Buite-
3rajaHa BKOipKOBa HaBYasIbHa JUCLUIUIIHA MiCTUTD 20 TOZ ayUTOPHUX MPAKTUYHUX 3aHATh Ta 70 rofi caMoCTiiHOT poOOTH CTY/eHTIB i
CK/IaA€eThCst 3 10 KOMIUIEKCHUX TeM, sIKi OXOTUTIOIOTh Pi3Hi aCreKTH KT THHHUX TeXHOJIOTiH, reHOTepartii, TPaHCIUIaHTOoIoT i1, 6ioiHKeHepii
Ta IXHbOT'0 3aCTOCYBaHHS B MeJMLIMHI. Ha OCHOBI peTpOCIeKTUBHOIO aHaJIi3y /JaHUX TIPO BHOiIPKOBI AUCLIMIUIIHU OUEBH/HO, 1110 JaHUH
TIpe/iMeT MepeskKUB TTOMITHHH ITiIHOM TIOMy/ISIPHOCTI cepef 37,00yBauiB BUIOT OCBiTH, MPO L]0 CBifUNTH cTabinbHe 1jopiuHe 3p0CTaHHs
KisIbKOCTi Oakarounx BUBYATH «KiTHHHI TexHomorii B MeAulvHi». LIs TeHAeHList MiZIKpeC/II0e 3pocTaroue BU3HAHHS aKTyaIbHOCTI
Ta MpuBabIMBOCTI JUCLIUIUIIHHU, sIKi € MOKA3HUKAaMHU HOTro e)eKTUBHOCTI y Tepesaui L{iHHUX HAyKOBHX 3HAHb Ta MPAaKTUUYHUX HABUUOK
MaiibyTHIM MearyHUM ¢axiBusm. [Iporpama gucHuTiHg 11o0y0BaHa Ha KOMITETeHTHICHOMY TiZXOZi 0 HaBUaHHS i CripsiMOBaHa Ha
3a/1y4eHHs CTYZ[eHTIB /10 IHHOBAL|ilHOI [Jifi/IbHOCTI Ta PO3BUTKY Y HUX KPUTMUHOI'O MUC/IEHHS 3a [JOTIOMOTO0 [TO€HAaHHS MPaKTUUHUX
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3aHATh | BUKOPUCTaHHS OHJIaHH-pecypciB. 3BOPOTHHH 3B’S130K Bif| 3700yBauiB BUILOi OCBiTH OYB TIepeBa’KHO MO3UTUBHUM i CTyTyBaB
CBi[JueHHsIM 3/1aTHOCTi BUOipKOBOro Mpe/iMeTa Ha/JaBaTH IPYHTOBHI YsIBJIEHHS TIPO TePe/I0Bi KJIITHHHI TeXHOJIOTI] Ta IXHE 3aCTOCYBaHHS B
CyuacHii KiHiuHif mpakTuil. Y MalOyTHROMY Hallli JOC/TiAHUIBKI 3y CUIUIs OyAyTh CIIPSIMOBAHI Ha MOIIYK MOXK/TUBOCTEH /151 CITiBITparii
Ta 0OMiHy 3HAHHSIMH 3 iHILIMMU YHIBEpCUTETaMH, SIK Hal{iOHaIbHUMH, TaK i MDKHAapOJHUMH, /s TIO/I/IbILIOT0 BOCKOHAIEHHST MeIUUHOI
OCBiTH B rajy3i pereHepaTUBHOI MeJULIMHN. HUHIIITHS MOX/IUBICTH 37100yBauiB BUIIIOI MeJMUHOI OCBiTH CTBOpoBaTH cobi iHAMBIAY-
a/llbHy OCBITHIO TPA€EKTOPIO 3a PaxyHOK iHBapiaHTHOI CKJ/1aZloBOl BiIKpUBaE MUISIX 10 (hOPMyBaHHs HOBOTO MOKO/iHHS KBami)ikoBaHUX

Ta BUCOKOOOi3HAHUX MeJUUHUX (axiBLIiB.

KU1rouoBi c/10Ba: K/TiTHHHI TEXHOJIOTIT; MeJiuHa OCBiTa; BUOipKOBa AUCLIMIITIHA; BUK/IA/IaHHSI.

Introduction. In the rapidly evolving landscape of
modern medicine, the integration of cutting-edge tech-
nologies has become paramount in addressing complex
healthcare challenges. Among these advancements, cell
technologies stand out as a pivotal field with immense
potential to revolutionize diagnostics, therapeutics,
and regenerative medicine [1, 3]. With its ability to
harness the power of cells for disease modeling, drug
discovery, and tissue engineering, cell technologies of-
fer promising avenues for improving patient outcomes
and advancing medical practice [2, 4, 5].

Recognizing the significance of staying abreast of
such innovations, educational institutions worldwide
are redefining their curricula to equip aspiring health-
care professionals with the requisite knowledge and
skills. In Ukraine, our education system has embraced
this paradigm shift by affording students the opportu-
nity to tailor their learning experience through elec-
tive disciplines. This approach empowers students to
delve deeper into areas of interest, thereby fostering a
more personalized and enriching educational journey.

In response to the growing demand for specialized
training in emerging biomedical fields, our univer-
sity has introduced an elective discipline titled “Cell
Technologies in Medicine”. Specifically designed for
third-year students, this course aims to provide com-
prehensive insights into the principles, methodologies,
and applications of cell technologies within a medical
context. By offering this elective, we aim to cater to
the diverse interests and career aspirations of our stu-
dents while ensuring they acquire essential competen-
cies aligned with the evolving healthcare landscape.

The aim. In this article, we delve into the rationale
behind the establishment of the elective discipline
“Cell Technologies in Medicine”, highlighting its im-
portance in modern healthcare education and the role it
plays in empowering students to shape their academic
journey according to their interests and professional
goals. Through this exploration, we aim to underscore
the significance of incorporating innovative disciplines
into medical education and showcase the value of
providing students with opportunities for specialized
learning in emerging biomedical fields.

Theoretical framework. The syllabus of the course
“Cell Technologies in Medicine” is drawn up for
Ukrainian students studying at I. Horbachevsky Ter-
nopil National Medical University, Training Program
“General Medicine”, the second (Master’s) degree of
higher education, branch of knowledge 22 “Health
care”, specialty 222 “Medicine”. The objective of
studying the discipline is to formulate comprehen-
sive knowledge and understanding of the conceptual
foundations of regenerative medicine, gain insight into
modern biotechnological developments, comprehend
the legislative regulations governing the application
of cell technologies in medicine.

The course “Cell Technologies in Medicine” ensures
the acquisition of the following competences and pro-
gram learning outcomes by students:

1. General competences: ability for abstract think-
ing, analysis and synthesis, ability to learn and acquire
modern knowledge, ability to search, process and ana-
lyze information from various sources.

2. Professional competences: ability to determine the
required list of laboratory and instrumental studies and
evaluate their results, ability to assess the impact of
the environment, socio-economic and biological fac-
tors on the health of an individual, family, population.

3. Program learning outcomes: to understand and know
the basic biomedical and clinical sciences at the level suf-
ficient to solve professional problems in the field of health
care, to possess specialized conceptual knowledge, which
is the basis for research, implementation of innovative
methods of diagnosis and treatment in the field of health
care; to critically comprehend problems in the field of
medicine and related interdisciplinary problems.

The course “Cell Technologies in Medicine” is based
on basic knowledge of disciplines such as “Histo-
logy, cytology and embryology”, “Medical Biology”,
“Biological and Bioorganic Chemistry”, “Molecular
Biology with medical genetics”, “Physiology with
Bioethics”, and “Microbiology, Virology and Immu-
nology”. It provides relevant knowledge, competences
and program learning outcomes for further mastering
such specialized clinical disciplines as obstetrics and
gynaecology, surgery and immunology.
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As aresult of studying the course “Cell Technologies
in Medicine” the student must know types and mecha-
nisms of body structure regeneration, identification and
classification of stem cells, sources and methods of ob-
taining and storing stem cells, methods of cell phenotyp-
ing, equipment and principles of cell laboratory opera-
tion, principles of biological sample cryopreservation,
methods of cell genetic modification, basics of cell trans-
plantation, principles of cell and tissue engineering. The
student must be able to classify the body’s stem cells,
adhere to the principles of sterility in the cell culture
laboratory, use a laminar box, CO, incubator, autoclave
and inverted microscope, use a haemocytometer to count
the number of cells in the suspension, determine the cell
type by molecular markers (CD molecules), choose cor-
rect methods for cell phenotyping, apply the acquired
knowledge to analyse the cause-and-effect reactions of
the organism during cell transplantation, independently
conduct selection and analysis of modern medical and
biological scientific information.

The course “Cell Technologies in Medicine” includes
10 topics. The course consists of 20 hours of training
sessions and 70 hours of independent student work.
The course teacher utilizes problem-based questions
on specific topics, illustrations, photographs of equip-
ment, excerpts from educational videos, and online
tours of university cell culture and PCR laboratories.
Table 1 presents the structure of the elective educa-
tional discipline.

To prepare for classes, students use the Moodle
platform, where educational materials are available in

electronic format. The course syllabus and academic
programs, materials for training sessions, as well as
methodical guidelines and a list of recommended li-
terature, are freely accessible to students.

The knowledge of the learned material is assessed
not only through oral questioning during classes but
also through online testing using the Moodle Learning
Management System. Grades for training sessions are
recorded in the electronic grade book of the TNMU
automation management system. Consultations for stu-
dents and retakes of the missed classes are conducted
within the allotted time slots, according to the sche-
dule of faculty rotations. Upon successful completion
of the course, students receive credit.

The elective course “Cell Technologies in Medi-
cine” was first introduced during the academic year
2020-2021. In its inaugural year, 20 students opted
for the course, constituting 6.2 % of the total student
population for that academic year. The subsequent
academic years witnessed a steady increase in stu-
dent enrollment. In the academic year 2021-2022,
the number of students choosing the course rose to
26, representing 8.2 % of the student body. By the
academic year 2022-2023, 18 students enrolled in the
course, comprising 9.0 % of the total student cohort.
Remarkably, during the academic year 20232024,
student enrollment experienced a significant surge,
with 47 students selecting the course, accounting for
19.6 % of the student population. Projections for the
upcoming academic year 2024-2025 indicate a sub-
stantial rise in enrollment, with 91 students having

Table 1. Structure of the course “Cell Technologies in Medicine”

Tobics Training Students’
P sessions independent work

1. Introduction to regenerative medicine. The concept of regeneration. Types and 2.0 9.0
methods of regeneration
2. Phases of regeneration. Regulation of regeneration 2.0 5.0
3. Stem cells. Stem cells classification 2.0 8.0
4. Histo- and organogenesis. Mechanisms of histogenesis. Stem cell differentiation. 2.0 5.0
Apoptosis
5. Cell laboratory 2.0 8.0
6. Cultivation of cells. Cryopreservation of biological samples 2.0 10.0
7. Cellular and nuclear reprogramming. Methods of genetic modification of cells 2.0 8.0
8. Molecular genetic laboratory. Methods of cell phenotyping 2.0 5.0
9. Cell transplantation. Molecular bases of humoral and cellular immunity. 2.0 4.0
Molecules of the major histocompatibility complex (MHC). Rejection
10. Therapeutic cloning. Artificial organs. Cellular and tissue engineering 2.0 8.0
TOTAL 20 70
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opted for the course, constituting 25.6 % of the total
student body (table 2).

The consistent upward trend in student enrollment
over the years reflects a growing interest and popular-
ity of the elective course “Cell Technologies in Medi-
cine” among students. This increasing trend suggests
that the course is perceived as valuable and engaging
by the student community. Such a trend underscores
the relevance and significance of the course content
in meeting the educational needs and interests of the
students. Furthermore, the expanding enrollment high-
lights the effectiveness of the course curriculum in
providing relevant knowledge and skills in the field of
cell technologies, indicating their growing importance
in contemporary medical education.

Since its inception in 2020, the elective course “Cell
Technologies in Medicine” has garnered considerable
acclaim from students, who have consistently provided
positive feedback regarding its engaging and informa-
tive content. Participants have expressed appreciation
for the course’s comprehensive coverage of cuttingedge
scientific concepts and its relevance to contemporary
medical practice. Many students have highlighted
the course’s ability to provide valuable insights into
the latest advancements in cell technologies and their
applications in practical medicine. Moreover, nume-
rous testimonials underscore the course’s capacity to
foster a deeper understanding of complex biological
processes and equip students with essential skills for
future research endeavors. The overwhelmingly posi-
tive reception from students underscores the course’s
effectiveness in delivering enriching educational
experiences and underscores its significance in shaping
the next generation of medical professionals.

Conclusions and Prospects for Research. The
elective course “Cell Technologies in Medicine” has
emerged as a pivotal component of our educational
curriculum, offering students a dynamic platform to
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Table 2. Enrollment Trends in the Elective Course “Cell
Technologies in Medicine” Over Academic Years

Academic Year Number of Percentage of
Students Enrolled | Total Students, %
2020-2021 20 6.2
2021-2022 26 8.2
2022-2023 18 9.0
2023-2024 47 19.6
2024-2025* 91 (projected) 25.6 (projected)

Note. * — projected data for 2024-2025 academic year.

explore the intersection of cell biology and medical
practice. The course's growing popularity, as evidenced
by the increasing enrollment rates over the years, un-
derscores its relevance and appeal among students
seeking to deepen their understanding of advanced
medical concepts.

Moving forward, there are several promising avenues
for future research and development in this field. One
key area of focus involves conducting comparative
analyses to evaluate the efficacy of teaching “Cell
Technologies in Medicine” across different academic
institutions, both within Ukraine and internationally.
By examining pedagogical approaches, curriculum
structures, and student outcomes, such research en-
deavors aim to identify best practices and enhance the
quality of education in this rapidly evolving discipline.

In conclusion, the ongoing evolution and refinement
of the elective course “Cell Technologies in Medicine”
reflect our commitment to delivering high-quality edu-
cation and fostering a culture of scientific inquiry and
innovation. As we look ahead, we remain dedicated
to advancing the frontiers of knowledge in this field
and empowering future generations of medical pro-
fessionals.
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