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Given that biomedical research in the field of molecular and cellular foundations of pathogenesis has
been actively developing in the last two decades, there is a need for active collaboration between scientific
and laboratory institutions to create new and improve existing methods of treatment to provide effective
professional care for the patient. The transition to personalized therapy, which aims to create methods of
treatment adapted to a specific group of patients or individual, became a big step in the field of
translational medicine. An important issue is the introduction of translational medicine into modern
clinical practice and its development ensuring on the basis of scientific centers and institutes.

The purpose of the article was to analyze and summarize information regarding translational
medicine and its implementation in treatment and scientific and practic activity to ensure more effective
therapy for patients.

The literature concerning the development of translational medicine, its application in clinical
practice and methods of implementation in the scientific field was reviewed and analyzed. The information
about personalized medicine was generalized.

Translational medicine contributes to the practical application of scientific advances to the
development and implementation of new methods of prevention, diagnostics, treatment and rehabilitation.
An important characteristic of translational medicine is its double-sided concept, which consists in the
collaboration of laboratory and clinical institutions in order to regularly information exchange. The
introduction of personalized medicine allows, based on the individual characteristics of the patient, to
find an effective approach to treatment.

Translational medicine is a promising area of treatment, the introduction of which in clinical practice
would enable to create and improve effective methods of various diseases therapy. The widespread use of
personalized medicine will increase the percentage of positive treatment outcomes due to the individual
approach to each patient. For the active development and spread of this type of therapy, there is a need to
create more institutes of translational medicine, to hold scientific conferences on this subject, and to
introduce into the curricula of universities the disciplines for the study of the basics of translational
medicine.

Key words: translational research, translational medicine, cancer, personalized medicine.

In the last 20 years there has been an
active development of biomedical research in
the field of genomics, molecular and cellular
bases of various diseases pathogenesis,
identification of new targets for medicines
and creation of new drugs with high efficiency.
The growing distance between practical
healthcare and theoretical information in the

field of biomedical research creates the need
for professional contact between clinicians
and scientists in order to actively transfer
(translate) modern fundumental research to
effective medical care for a specific patient, i. e.
personalized therapy [1].

This approach to treatment was called
translational medicine. Its essence is to use the
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advances of fundumental research to develop
new or improve existing methods of treatment.

The purpose of the article is to review and
analyze the literature related to translational
medicine.

The history of the concept emergence
and its essence

At the beginning of the 215 century,
the medical community of the world came
to the conclusion that, although significant
advances had been made in theoretical
biomedical disciplines, the degree of existing
developments implementation in practical
healthcare remained rather low. Despite
the fact that enormous resources have been
invested in fundumental research and the
associated great advances in understanding
the mechanisms of disease development, this
has not led to an increase in the number of
new methods of treatment and diagnostic
systems.

The term “translational research” was
introduced in 1986 to denote a medical research
that promoted the practical application of
scientific advances to the development and
implementation of new methods of prevention,
diagnostics, treatment and rehabilitation. In
the medical literature of the 1990s, there were
relatively few references to this term and most
of them concerned cancer research [1, 2].

The pharmaceutical company Pfizer was
one of the first which determined translational
medicine as a recognized discipline in the
field of medicines production. Pfizer defined
translational medicine as the integrated use of
innovative pharmacological tools, biomarkers,
clinical methods and technologies to increase
confidence in medicines, to improve the
economic solution, sustainable production of
new products [3, 4].

The impetus for conducting translational
research is usually a clinically relevant
problem [5]. The possibility of solving the
existing problem stimulates to carry out
fundumental medical researches aimed at
identification of targets for diagnostics and
therapy of the disease. Quite often, biomedical
research leads to the development of a new
medicine or technology that is being tested
in clinical settings. After evaluating the
results of the introduction of a new treatment
method, the translation cycle is closed and
the developed approach is refined using the
methods of fundamental medicine [6, 7].

There are 3 phases of translational
research.

The first phase is a scientific-research
process that examines the needs of medicine
in potential methods of diagnostics and
treatment, conducts tests on the safety
and effectiveness of developments. The
first phase is the translation of the basic
scientific discoveries into the system of public
healthcare under controlled conditions, that
is, in the course of clinical research. Many
pharmaceutical companies organize special
structures for the I phase of translational
research that facilitate the interaction between
researchers and medical practitioners[7, 8].

The second phase of translational research
examines the results of clinical developments,
assesses the effectiveness and safety of the
scientific approaches used in the first phase
of translational research. Thus, the possibility
of new developments usage in clinical practice
through patient-based research is evaluated.
The second phase of translational research
informs about the needs, acceptability,
effectiveness and cost-effectiveness of new
developments under real political conditions
and facilitates their promotion in the
healthcare system.

The third phase of translational research
contributes to the implementation of
prospective clinical trials into the healthcare
system [9].

Currently, translational medicine is a
comprehensive system of scientific research,
practical and social activities that are closely
linked. Organizational aspects of this area
development include further scaling up of
scientific research in this field, attracting
broad financial support from the state and
private investors, reviewing and developing
of legal and ethical standards in the light
of new advances in translational medicine.
In scientific research and applied fields,
the priority of translational medicine is the
creation of new medical technologies.

Double-sided concept
of translational medicine

The double-sided concept is the
collaboration of the laboratories where the
experiments are conducted and the clinical
institutions. It must be ensured that the flow
of information flows in both directions, from
laboratory to hospital and from hospital to
laboratory.

This concept was developed in 1999,
when the total volume of biomedical research
started to be more and more dependent
on multidisciplinary biomedical, clinical,
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fundamental scientists and engineers, and new
technologies. Subsequently, in 2001, adequate
funds were earmarked for the study of human
diseases [10].

The double-sided concept of translational
medicine can be reflected by defining the
following interactions between research and
medical institutions (Figure):

Benchside to Bedside;

Bedside to Benchside.

Benchside to Bedside — from lab to
patient. This interaction aims to increase
the effectiveness of clinical trials of new
therapeutic strategies developed in the course
of research.

Bedside to Benchside — from patient
to lab. The purpose of this interaction is to
provide feedback on the use of new methods
of treatment and opportunities for their
improvement [6, 9].

The purpose of this concept is to identify
and avoid common obstacles, barriers and
problems in the way of scientific breakthroughs
in the clinic. It envisages the return of clinical
research to laboratory research in order to
refine or create new hypotheses that can lead
to innovative discoveries [7].

Transition to personalized medicine, bio-
medicine and medical biotechnology

Until recently, it was assumed that
patients with the same disease have the same
causes of the disease. The same treatment was
prescribed them. However, clinical experience
shows that the organism of different patients
may respond differently to treatment.

Basic
biological

In most patients with the same disease, its
causes may differ. Therefore, the development
of medicines and treatment methods that
are adapted to specific groups of patients or
individuals has been started. This type of
treatment is called personalized medicine.
The term “personalized medicine” was first
introduced in 1998.

Personalized medicine is a highly
specialized focused approach to the prevention,
diagnosis and treatment of a disease, based
on the individual characteristics of the
patient.

Over the past six decades, there has been
a great deal of evidence that a significant
proportion of variability in response to
medicines is genetically determined by age,
nutrition, health, environmental effects, and
epigenetic factors. To achieve individual drug
therapy, it is necessary to take into account
the different patterns of medicines response
among geographical and ethnic populations.
Pharmacogenomics is a science that helps
to identify genes that affect a patient’s
response to medication and, thus, to identify
genes that are potential targets for certain
drugs[11].

One of the directions of translational
medicine is the identification of specific
biomarkers and bioprocesses that allow clinicists
to choose the optimal treatment for a specific
patient. Analysis of personal biomarkers of a
definite disease is based on databases. Thanks
to such databases, it is possible to develop
treatment regimens for different diseases,
that is, to identify drugs that act on several
mechanisms of the investigated pathology. The

research

Bilateral concept of translational medicine
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results obtained can be used to develop the most
effective individualized treatment approach that
will be based on the analysis of experimental
data related to a particular pathology. Such
databases can help to find certain combinations
of drugs that will provide the most effective
impact on molecular targets of the disease and to
analyze the possible side effects of the medicines.
Development of databases with information
about possible biomarkers of known pathological
conditions will allow to correct the diagnostics
and create the most effective therapy for each
individual patient [12].

Through the adaptation to each patient,
opportunities to obtain early diagnoses, risk
assessments and optimal treatment methods,
personalized medicine aims to improve
healthcare and reduce treatment costs [13].

Personalized medicine can be considered
a continuation of traditional approaches to
understanding and treating diseases, but with
greater accuracy. The variation profile of the
patient’s gene may be guided by the choice
of medicines or treatment protocols that
minimize adverse side effects or provide more
successful outcomes. Personalized medicine
can also indicate a person’s predisposition to
certain diseases before they occur, allowing
doctors and patients to develop a monitoring
and prevention plan [11].

Implementation of translational medicine
in the diagnostics and treatment of human
diseases: the role of medical
biotechnologies

Translational medicine plays an important
role exactly in the field of oncology. Decoding
of the human genome and the development
of genomics made it possible to obtain
information about the association of individual
proteomic disorders with the probability of
certain diseases occurrence.

Futreal conducted research on human genes
involved in oncogenesis in 2004. He found 291
known at that time genes, which was 1% of
the complete human genome. It has been found
that the most of these genes are associated
with leukemia and lymphoma, although the
prevalence of these cancers accounts for only
10% of all cancer cases. As a consequence, the
Catalog of Somatic Carcinogenic Mutations
(COSMIC) (Catalog of Somatic Mutations in
Cancer) was created on the basis of these data.
It has been expanded due to the results of a
genomic cancer project in the UK (Wellcome
Trust Sanger Institute, UK). By 2008, this cell
catalog included 4800 genes. The catalog is

updated every two months [14].

Over the past three decades, more than 200
potential biomarkers of ovarian cancer have
been identified. During the 1990s, studies
focused more on diagnostic markers, but in
the last 20 years, attention has gradually
shifted towards prognostic markers that help
to evaluate the effectiveness of treatment
[16]. For example, a series of studies
conducted at a cancer institute in the United
States found that high immunohistochemical
expression of cyclin E is associated with
unfavorable prognosis of the disease. And
the low expression of BRCA1l, a malignant
suppressor gene, is associated with a reduced
risk of disease progression and mortality. The
postgenomic era provides new opportunities
for individual (personalized) cancer therapy,
which will not only predict the prognosis of the
disease but also reveal the individual response
to medicines [16, 17].

Simultaneously with the search for
biomarkers in oncology, translational medicine
pays great attention to the development of
medicines whose action is aimed at specific
molecular targets, which are key receptors,
enzymes, or specific centers for ligands to
their receptors binding [1].

Another problem in oncology that
translational research can solve is to increase
the effectiveness of analgesic therapy
for metastases based on the study of the
mechanisms of pain syndrome in bone tissue
and the subsequent introduction of developed
medicines into clinical practice.

Long-term therapy with anticancer drugs
may be accompanied by the development
of heart failure. Therefore, translational
studies of signaling mechanisms associated
with abnormalities in myocardial cells in
cardiovascular disease need to be correlated with
the processes that accompany anticancer therapy.
An interdisciplinary seminar was organized in
Brussels in 2009 by the European Cardiology
Community in order to monitor the researches
in this area. Specialists in the field of cardiology
and oncology, translational and pharmaceutical
science participated in the seminar [18].

Much attention is paid to the search for
protein markers in the proteome and low
molecular weight metabolites in the blood
serum. In patients with heart failure, changes
in the expression of protein genes have been
identified, which are involved in the processes
of inflammation, growth, differentiation,
intracellular signaling, organization
of channels and receptors, myocardial
remodeling. The metabolites 2-oxoglutarate
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and pseudouridine were identified as markers
of heart failure. Such studies of heart diseases
can identify indicators that are associated
with arrhythmia and should help in the choice
of therapy and reduce the risk of unexpected
death caused by this syndrome [1].

Translational medicine is also used in
the treatment of bone diseases. In the US,
about 10 million people (8 million women and
2 million men) suffer from osteoporosis, while
about 34 million people have osteopenia and
are prone to osteoporosis.

New therapeutic methods are aimed at either
osteoclasts (cells that destroy bone) or osteoblasts
(cells that form bone). Therefore, osteoporosis
treatment methods can be divided into two
categories: antiresorptive medicines (osteoclastic
agents) and anabolic drugs (osteoblastic agents).
The main current types of osteoporosis therapy
use estrogens, selective estrogen receptor
modulators, parathyroid hormone (PTH),
calcitonin, vitamin D derivatives and, in some
countries, strontium. These medicines, with
the exception of strontium and PTH, slow the
destruction of bone tissue [3].

Scientific and practical implementation
of translational medicine concept

The development of translational medicine
aims at creating research centers with a defined
infrastructure that facilitates the effective use
of science achievements and their successful
implementation in practice. To achieve these
goals, it is necessary to manage the flow of
knowledge and technologies and to coordinate
the efforts of universities, scientific and
research institutes, medical institutions,
business and pharmaceutical companies.

Important place in the development of
translational medicine centers is occupied
by structures that provide the expansion of
knowledge-intensive technologies, such as
the Center for Experimental and Transgenic
Animals, the Center for Transfer and Medical
Technology, and the biobanks [12].

The first Institute in the field of
Translational Medicine in the United States
was the Institute of Translational Medicine and
Therapy (ITMaT), organized in the beginning
of the year 2005. Its main activity is focused
on clinical and translational research. Today,
it is a large organization that includes various
medical institutions, the number of which
is constantly increasing. Since its inception,
ITMaT has expanded and, as of today, includes
over 800 members and has more than 100,000
National Institutes of Health (NIH) funded

programs in the field of scientific, pre-clinical
and clinical research.

In 2011, the National Center for Advancing
Translational Sciences (NCATS) was created
under the auspices of the NIH. It helps
pharmaceutical companies and non-core
organizations find a collaborative solution that
enables prospective developments to complete
successfully the first phase of research.

Almost every major US institute has
an institute of translational medicine.
In California, 1.5 billion dollars has been
earmarked for research in translational
medicine. Similar institutions are being
created in Europe. In 2010, a grant program
called “TRANSMED” was launched at the
University of Helsinki, which funded research
in the field of translational medicine. The
main focus of the program was on the research
of genomic technologies, molecular medicine,
molecular biology of tumors and others [12].

In Ukraine, translational medicine is
being developed at the Kavetsky Institute
of Experimental Pathology, Oncology and
Radiology of the NAS of Ukraine. Through
the efforts of the staff of this institute, the
database “Diagnostics, therapy, oncogenome
and oncoproteome” was created, which contains
information about molecular processes,
regulatory factors, signaling cascade systems,
functional state of the genome, epigenetics
from individual tumor locations.

This program is designed as an easy-to-
use tool, the use of which in clinical practice
of the doctor will allow providing a high level
of diagnostics and search of the optimum
schemes of healthcare delivery in personalized
treatment [19].

The work was written as a part of the
following research work: “Scientific and
methodological justification of the principles
of biopharmaceutical products and the
organization of its production” (2017-2118,
state registration Tur 0116U007718).

Conclusion

This article summarizes information
from literary sources regarding translational
medicine and its implementation in clinical
practice. Translational medicine, combining
the successes of scientific research with the
informativeness of diagnostic approaches,
designed to promote enhancement the
efficiency and effectiveness of treatment and,
as a consequence, improve the quality of life.
It can be regarded as a process that involves
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the transfer of discoveries made through
fundumental biomedical research into medical
practice to improve diagnostics and treatment.

Recently, personalized therapy based
on an individual approach to analyzing the
occurrence and course of the disease of each
patient is spreading.

The development of translational medicine
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TPAHCJISIITHA METAIIAHA,

BIOMEJIUITNHA TA METUYHA

BIOTEXHOJIOTIS: HEPEXIJ 10
IIEPCOHAJII30BAHOI METUITTHHA

Ilepezuns O. B.
Jyuenro T. M.

HamniomanpHU TexHiuHNYN yHiBepcuTeT YKpainu
«KuiBcbKUM TONMiTeXHIUHUI iHCTUTYT
imeni Iropsa CikopcbKoro»

E-mail: tanywalytsenko@gmail.com

MeToio pob6oTu OyB aHajia Ta ysaraJbHeHHS
irgopmarlii cTOCOBHO TPAHCIAI[INHOI MEeTUITNHI
Ta Ii peaJsrizarii y JiKyBaHHI Ta HAYKOBO-IIPAKTUY-
Hill gigabHOCTI OJid 3a0e3meueHHI e(peKTUBHIMTOL
Teparrii maImieHTiB.

PosrisuyTo Ta mpoaHasisoBaHO JIiTEpPaTypy,
110 CTOCYETHCS PO3BUTKY TPAHCISIITHOI MeIUIIN-
HU, 3aCTOCYBAHHS i1 B KJIiHIUHIT npakTuUIli Ta Me-
TOMiB peaJsridalfii B HayKoBi#t cdepi. YsaraibHeHO
indopmariro 1040 IepcoHaIi30BaHOI MEeUITUHU.

Tpaucadaniiina MegUIIUHA COPUAE TPAKTUU-
HOMY 3aCTOCYBAaHHIO HAYKOBUX MOCATHEHb IJA
PO3po0JIeHHSA Ta BIPOBAIKeHHSA HOBUX CIIOCOOiB
npo(pilakKTUKU, JiarHOCTUKM, JiKyYBaHHS Ta pe-
abimiramii. BaxamBoo xapaKTepUCTUKOIO TPaH-
CIAMIHOI MEeIUIINHY € 11 TBOCTOPOHHS KOHIIEI-
1Iidg, AKa MOJATAaE y CHiBIpaIi JabopaTopHUX Ta
KJIHIYHMX YCTAHOB 3 METOIO PEeryJIAPHOT0 OOMiHY
inopmaniinuMu ganuMu. BrpoBaaKeHHS Iep-
COHAaJIi30BaHOI MeJUIIMHU A€ 3MOT'Y Ha OCHOBIi
iHIUBiAyaJbHUX XapaKTEePUCTUK IallieHTa 3Ha-
xoauTu e()eKTUBHUHU ITiAXix 10 JIiKyBaHHA.

Tpancaamniina MeguIInHA € TIEPCIEKTUBHUM
HaIIPsAMOM Yy JIiKyBaHHi, BOPOBaIKEHHSI SIKOTO
y KJIiHIUYHY IPAKTUKY YMOKJIUBUTH CTBOPEHHS
Ta BIOCKOHAJIEHHA e()eKTUBHUX METOMAiB Tepamii
pisHmx 3axBopioBaHb. IIIlupoKe 3acTOCyBaHHS
nepcoHi()iKkoBaHOI MeAUITMHU [AaCTh MOKJINBICTH
30iJIBIIUTY BiJCOTOK ITOBUTUBHUX PE3YyJIbTATIB
JiKyBaHHA 3aBOAKH iHAWMBiAyaJIbHOMY HigXomy
0 KOKHOTO martienTa. {14 aKTUBHOTO PO3BUT-
Ky Ta MOIIUPEeHHA IILOT0 BUAY Teparii icHye mo-
Tpeba CTBOPEHHSA 0iabINol KiTbKOCTI iHCTUTYTIB
TPAHCAAMIAHOI MEeIUIINHY, IPOBeJeHHA HAyKO-
BUX KOH(EPeHIIill Ta BIPOBaAKeHHA ¥ HaBUAJIbHI
OporpaMu yHiBEePCUTETIB AUCHUILIIH 3 BUBUEHHSA
OCHOB TPAHCIAIINHOI MEIUITUHUA.

Knwouwosi cnoea: TpaHCAAIIWHI TOCTimgsKeHHH,
TPaHCAAIITHA MeIUIINHA, OHKOJIOTiUHI 3aXBOPIO-
BaHHA, IIePCOHAJIi30BaHA MeIUI[NHA.

TPAHCJISIINOHHASI METHAITHHA,
BHOMETHAIINHA U MEIAITHHCKA ST
BHOTEXHOJIOTHS: ITEPEXO]],

K IEPCOHAJIU3TPOBAHHOV MEJUITHE

ITepezuns O. B.
Jyuyenro T. M.

HanmyonanbHBIN TEXHUYECKUI YHUBEPCUTET
Vipanusl « KueBcKuil MOIUTEeXHUUECK U
uHCTUTYT uMenu Uropsa Cukopckoro»

E-mail: tanywalytsenko@gmail.com

ITesnnbio paboThI OB aHAIU3 U 0000IIeHE UH-
dopmManuu o0 TPAHCAAIMOHHON MeNUITUHE U ee
peaqusanuy B JIEYEHUU U HAYUYHO-TIPAKTUUECKON
IeATeJILHOCTH AJA obecrieueHnsa 3 GeKTUBHOU Te-
panuu manmnueHToB.

PaccvoTpena m mpoaHanu3upoBaHa JuTepa-
Typa, Kacamlnadacad Pa3sBUTUSA TPAHCIAINOHHON
MeIUIIUHBI, TPUMEHEHUA ee B KIMHUYECKOH paK-
TUKEe ¥ METOJOB peaji3aluy B Hay4YHOU cdepe.
0606111eHa nHOOPMATIHA IO II€PCOHATN3UPOBAHHOI
MeIUITHE.

TpaucaamuonHas MeIUIIHA CIIOCOOCTBYET
MPaKTUUYECKOMY NIPUMEHEeHUI0 HAYUYHBIX JOCTH-
JKeHUH AJId paspaboTKU U BHEJPEHUS HOBBIX CIIO-
c060B TPOUIaKTUKU, AUATHOCTUKU, JeUEHUA
1 peabuiauranuu. BayXHON XapaKTepPUCTUKOI
TPAHCAAIIMOHHON MEIUITUHBI ABJISIETCA ee IBY-
CTOPOHHAA KOHIEIIUA, KOTOPad 3aKJI0UAETCS B
COTPYIAHUYECTBE JTaOOPATOPHBIX U KJINHUYECKUX
VUPEXKIeHUN ¢ IeJbI0 PeryJaspHoro oOMeHa WH-
dopMalMOHHBIMU AAaHHBIMU. BHeapeHume mepco-
HAJIU3NPOBAHHON MEeIUIIMHEI II03BOJIAET HA OCHO-
Be MHAWBUAYAJIbHBIX XapaKTePUCTUK IIaIleHTa
HaXOAUTh 3(P(PeKTUBHBIN TOAXO0/ K JIEUEHUTO.

TpaHcaAMMOHHAA MEeAUIIMHA SABJIAETCA IIep-
CIIEKTMBHBIM HAINIpaBJIeHUWEM B JIeUeHUU, BHe-
IpeHre KOTOPOTO B KJMHUYECKYIO NMPAKTHUKY
acT BOBMOYKHOCTH CO3/laBaTh M COBEPIIEHCTBO-
BaTh METOJLI TePallny PA3JIUYHBIX 3a00J€BaHUH.
IITupoxoe mpuMeHeHNe ITePCOHUPUITNPOBAHHON
MeIUITMHBI MO3BOJIUT YBEJWYUTH IPOIEHT IIO-
JIOJKUTEJIbHBIX Pe3yJbTAaTOB JIeueHUus OJsrarogapsa
UHAUBUAYAJIHLHOMY IIOAXONY K KaXKIOMY IIaIleH-
Ty. 151 aKTUBHOTO PA3BUTHUA U PACIIPOCTPAHEHUA
9TOT0 BUA TePAIllUH CYIeCTBYeT HeOOXOAMMOCTh
co3maHus OOJIBIITEro KOJWYECTBA MHCTUTYTOB
TPAHCAAIIMOHHON MeIUIIUHLI, ITPOBeIeHe Hay4-
HBIX KOH()EepeHI Uil 1 BHeJpeHne B yueOHbIe IIPOo-
rpaMMbl YHUBEPCUTETOB JUCIIUILIUH 10 U3YYEHUIO
OCHOB TPAHCJAIMOHHON MEeIUIIHEI.

Kniouesvie cnosa: TPaHCIAIIMOHHBIE HCCJIeJOBa-

HUS, TPAHCIAIMOHHAS MEIUIINHA, OHKOJOTUUYECKIe
3a00JIeBaHMs, IIEPCOHAIN30BAHHAS MEIUIHA.
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