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ISSUES OF TRANSLATIONAL MEDICINE
IN THE FIELD OF MOLECULAR GENETIC
RESEARCH IN YAKUTIA

The issues of translational medicine in implementation of the results of molecular genetic research into the practical medicine of Yakutia are
discussed. The process of gradual implementation of its main directions is noted: ‘Discovery’, ‘Population studies’, ‘DNA diagnostics’, ‘Bioethical re-
search’, ‘State programs for the prevention of hereditary diseases’. The translation of scientific achievements into clinical practice is a long process,
as it turned out, in the conditions of the Sakha Republic, it lasted for about 20 years. On the one hand, the use of new technologies has raised the
healthcare of the Republic of Sakha (Yakutia) to a qualitatively new level, on the other hand, it has brought many intractable problems of an ethical,
legal and informational nature. It is necessary to raise the issue of the importance of implementing state programs for the prevention and treatment
of hereditary diseases in the Republic of Sakha (Yakutia).
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Introduction. The concept of transla-
tional medicine (TM) implies the imple-
mentation of the latest achievements of
fundamental science and biotechnology
into clinical practice. In many cases, this
is due to the use of modern methods in
the field of genomics, gene therapy and
transcriptomics, bioinformatics and pro-
teomics, the introduction of biobanks and
repositories of large clinical databases.
It is an integration between researchers,
clinicians and health care providers. At
the same time, the "old" models of med-
ical care are being improved in areas
such as oncology, surgery, therapy, ob-
stetrics and gynecology, pediatrics, etc.
The patient receives standard or exper-
imental therapy, the boundaries between
experiment and treatment are blurred
[9.10, 28.32].

Particularly important and break-
through discoveries have occurred in the
field of molecular genetics and molecular
medicine, and research already touched
upon the subtle regulatory mechanisms
of genes, for example, the study of the
effect of variation in the number of copies
of DNA sites and methylation of regula-
tory sites of genes, as well as the search
for approaches to identify new regulators
and mechanisms in the cellular nuclear
organization, regulation of gene tran-
scription, spatio-temporal genome devel-
opment and assembly [29, 35,36].

Despite the impressive discoveries
of recent years, experts note a number
of significant problems and disappoint-
ments from the expectations of trans-
lational medicine. The main ones are
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the speed of introduction of scientific
achievements into clinical practice, bio-
ethical problems and the need for sig-
nificant financial support not only for re-
search, but also for the process of effec-
tive application of scientific achievements
by the healthcare system of states and,
ultimately, improving the life and health
of the patient. The study by loannidis
et al, 2004 analyzed the publications of
fundamental works from 1979 to 1983 in
leading journals (Science, Nature, Cell,
Journal of Biological Chemistry, Journal
of Experimental Medicine and Journal of
Clinical Investigation). He showed that at
least 101 articles made clear promises
of clinical application of the results, but
only after 20 years 5 of these published
results were licensed. The authors also
conclude that the development of sim-
pler, more practical and safer interven-
tions may be an equally important goal
for translational research, and the profit
motive is unlikely to be sufficient to ad-
vance biomedical research to genuine
progress [13,18].

The purpose of the article is to discuss
the problems of translational medicine in
implementation of the results of molecu-
lar genetic research in the practical med-
icine of Yakutia.

Let's consider our proposed scheme
of translational medicine in the field of re-
search of hereditary diseases (HD) and
describe some aspects of the practical
implementation of its stages in Yakutia
Fig. 1.

I. The first stage of translational medi-
cine is "Discovery". For example, the dis-
covery of a mutation of the gene respon-
sible for the development of the disease
or polymorphisms of the genome regions
responsible for the high risk of develop-
ing the disease. The clinical and trans-
lational discovery turns the decoding of
the sequence, structure and function of

DNA into a clinical application for predict-
ing and diagnosing specific symptoms of
human diseases.

Molecular genetic research in Yakutia
began in 1993 as part of an internation-
al scientific program to study Vilyuisk
encephalomyelitis and spinocerebellar
ataxia type 1 (SCA1), the most common
autosomal dominant disease in the Yakut
population [20]. This was the first discov-
ery in the field of molecular genetics and
quite naturally, SCA1 became the most
studied hereditary pathology and the first
genomic technology introduced into clin-
ical practice[2]. Over the next 20 years,
a number of studies were carried out to
detect genes that are the cause of other
frequent hereditary diseases in Yakuts
Table 1.

Il. The second stage of TM molecular
research includes the study of the popu-
lation characteristics of HD and the fre-
quency of heterozygous carriage of au-
tosomal recessive diseases, which is of
great importance for the organization of
preventive measures in medical practice.

As is known, established popula-
tions are characterized by differences in
the total burden of hereditary diseases,
the sum of the frequencies of autoso-
mal dominant, autosomal recessive and
X-linked diseases can vary from 1.5 to
3.5 per 1000 people. For example, the
number of patients with phenylketonuria
and cystic fibrosis, frequent for the Eu-
ropean population, is significantly lower
in Yakutia [1,4]. The frequency of certain
forms of hereditary diseases due to pop-
ulation reasons may vary more in cases
of ethnospecific diseases [3,6]. Such dis-
eases in Yakutia as SCA1, myotonic dys-
trophy, 3 M syndrome, etc. are ten times
more frequently diagnosed than around
the world. The accumulation of some
nosologies of HD in Yakutia occurred for
population reasons, the main of which
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are the founder effect, gene drift and the
passage of the population through the
"bottleneck" due to wars, epidemics, fam-
ine [7,25].

lIl. The third stage of TM is the devel-
opment of algorithms for DNA diagnostics
of HD based on molecular genetic stud-
ies and the introduction of DNA testing
of patients from burdened families into
practical medicine. Currently, more than
30 different nosologies of hereditary dis-
eases are available for DNA diagnostics
in the Republic of Sakha (Yakutia).

Molecular genetic methods (DNA di-
agnostics) are a diverse group of meth-
ods that allow detecting violations and/
or variations in the structure of a DNA
molecule, up to the decoding of its nu-
cleotide sequence (sequencing). The
simplest to perform in routine clinical
practice are direct and indirect (indirect)
methods of DNA diagnostics based on
the search for pathological mutations
leading to the disease or on the analysis
of polymorphic markers closely linked to
the pathological gene. Direct methods
of DNA diagnostics are the most infor-
mative, can be used to confirm a clin-
ical diagnosis, for asymptomatic and
differential diagnosis. In the Republic of
Sakha (Yakutia), direct DNA diagnostics
is used for spinocerebellar ataxia type
1, Charcot-Marie-Tutt type 1A neural
amyotrophy, Duchene-Becker myodys-
trophy, oculopharyngeal myodystrophy,
etc.; direct method using PCR-RFLP is
used for DNA diagnostics of 3M syn-
drome, autosomal recessive deafness
type 1A, a congenital autosomal reces-
sive form of cataract. Indirect DNA diag-
nostics based on marker alleles linked
to a damaged gene is used for such
hereditary diseases as hemophilia A, B
[2,11,12,19,21,22].
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The main problems of using DNA di-
agnostics of HD as a routine analysis in
clinical practice are:

- confidence in the clinical diagnosis
and a clear justification for the molecular
genetic diagnosis of HD, since the search
for a mutation without a diagnosis can
turn into a useless procedure with the ex-
pense of costly reagents;

- availability of the necessary fami-
ly members for analysis, and, as a rule,
proband genetic material is required for
research;

- increasing the personal responsibility
of persons involved in the process of mo-
lecular genetic diagnosis of HD, respon-
sible for the reliability of the results of the
examination, as well as the qualification
of a laboratory assistant performing the
actual analysis;

IV. Translational medicine provides a
stage of research of bioethical problems
of molecular genetic diagnostics of HD.

Differences in the manifestation of
phenogenotypic signs of HD cause dif-
ferences in the medical and social con-
sequences of HD. Ethical issues are re-
solved through the adoption of laws and
regulations concerning the use of genetic
information of an individual/family. For
example, presymptomatic testing for in-
curable NC raises a number of ethical
and psychosocial problems, including
possible discrimination of carriers of a
pathological gene, deterioration of the
quality of life of a person who received
such information, etc. The most acute of
the existing problems is the possibility of
severe emotional trauma with a positive
result of DNA testing at the preclinical
stage without psychological preparation
of the patient. This means that a person
may be doomed to an incurable disease
that gradually destroys his personality,
leading to deep disability and inevitable
death in 10-15 years from its onset [8].

Frequent hereditary diseases in the Yakut population

. . frequency Frequency I
Hereditary disease in the Yakut population Gene (OMIM) of heterozygous carrier citation

* Spinocerebellar ataxia . . Lunkes A., Goldfarb L.G., Platonov
Type 1 38,6 : 100000 SCAI (164400) | * Autosomal dominant F.A. etal.,1994 [20]
Short stature syndrome . Maksimova N, Hara K, Miyashia A et
3 M syndrome 12,72 : 100000 CUL7 (273750) 3% al, 2007 [21]
Short stature syndrome
characterised by optic nerve . Maksimova N, Hara K, Nikolaeva I et
atrophy and Pelger-Huét anomaly 9,95 : 100000 NAG (614800) 1% al.,2010 [22]
(SCOP)
Autosomal recessive deafness 1A . Barashkov NA, Dzhemileva LU,
(DFNB1A) 16,2:100000 | GJB2 (220290) 11,7% Fedorova SA et al., 2011 [11]
A new type of .
mucopolysaccharidosis with 8,3 : 100000 VPS334 2,1% Kondo H, Maksimova N, Otomo T et

. (617303) al.,2017 [19]
severe systemic symptoms
Autosomal recessive cataract . FYCOI1 Barashkov NA, Konovalov FA,
(CTRCT18) 3,0 : 100000 (610019) 7.9% Borisova TV et al.,2021[12]




The articles describe cases of affective
behavior and suicidal attempts in similar
situations [15,33]. For example, Hunting-
ton's chorea (HC), as well as SCA1, re-
fers to HD with dynamic mutations and
late onset of clinical signs. Studies of the
issue of patients' attitude to the presymp-
tomatic and prenatal DNA testing of Hun-
tington's Chorea showed a low percent-
age (5-20%) of those wishing to undergo
such a survey [ 23,24,34].

No less controversial ethical issues
are contained in the prenatal diagnosis
(PD) of late-manifesting diseases, such
as HC and SCA1. There is no consensus
on which hereditary disease should be
considered serious enough for PD. Some
experts believe that the late onset of the
disease after a long period of healthy and
fulfilling life may make it possible to at-
tribute the condition to frivolous for the
decision to terminate the pregnancy of a
fetus with a mutation [14,26].

Organizational and bioethical ap-
proaches to the prevention of socially
significant hereditary diseases remain
undeveloped in the healthcare system
of Yakutia. Approaches to solving ethical
problems in different countries are relat-
ed to the cultural and religious character-
istics of peoples, there are differences in
the regulatory documents of the organi-
zation of medical and genetic services.
The generalized nature of international
guidelines on ethical problems of medical
and genetic counseling requires concret-
ization taking into account national char-
acteristics [5].

Bioethical problems associated with
the latest methods of correction of hear-
ing defects are widely developed by for-
eign authors. In particular, the dilemma of
the acceptability of the modern method of
cochlear implantation (a new generation
of hearing aids implanted in early child-
hood) for hearing correction is discussed.
The main bioethical problem in this case
is obtaining the consent of both parents,
because cases are described in families
when both parents who are deaf do not
want their child to be able to hear. This
fact is associated by many researchers
with a well-developed social security sys-
tem and a sufficiently developed system
of public organizations for hearing-im-
paired people in Western countries who
do not consider lack of hearing a serious
defect and are ready to raise a deaf child
[16,17,30,31]. In Russia, the attitude of
persons with impaired sound perception
to cochlear implantation and DNA diag-
nostics has not been studied. Molecular
genetic studies of hereditary non-syn-
dromic forms of deafness in Russia are at
an early stage, the needs of the popula-

tion for DNA testing have not been deter-
mined. In Yakutia, with a high frequency
of this disease, there is a gap between
the results of scientific developments and
their application in practice due to ex-
tremely low awareness of the population
about genetic technologies [27].

When developing the ethical aspects
of TM for the prevention of HD, it is nec-
essary to emphasize the following as-
pects:

- late -manifesting character;

- vital prognosis depending on nosol-
ogy;

-methods of introducing genetic analy-
sis and the consequences of using DNA
testing;

- public perception of applied genetic
technologies;

- the need of burdened families for
prenatal diagnosis;

- ethnic characteristics in the area of
the study, etc.

V. The fifth stage of TM is the involve-
ment of the state in the process of intro-
ducing and applying scientific achieve-
ments in practical medicine to improve
the quality of medical care provided to the
population with the greatest coverage of
all those in need and a fair distribution of
financial resources to improve the health
and quality of life of patients. As a rule,
this is the adoption of state programs for
the prevention of diseases. For example,
genetic screening programs are imple-
mented by government programs taking
into account the needs of populations in
need of a particular type of screening.
The main evaluation of screening is the
effectiveness of the proposed methods
of prevention and treatment of hereditary
diseases.

An example of the successful imple-
mentation of the Republican target Pro-
gram "Development of human genodiag-
nostics in the Republic of Sakha (Yakutia)
for 2001-2005, adopted by the Decree of
the Government of the Republic of Sakha
(Yakutia) dated May 11, 2001 No. 277, is
the introduction of the results of molecu-
lar genetic studies and prenatal diagnos-
tics of HD into practical healthcare of the
Republic, as well as the expansion of the
scope of complex preventive measures
for the diagnosis of hereditary diseases
in general. During the implementation of
this program, the material and technical
base of the first molecular genetic lab-
oratory was modernized, specialists in
molecular genetics for the Republic of
Sakha (Yakutia) were trained in leading
federal genetic centers.

Conclusion. In the Republic of Sakha
(Yakutia), a new direction in science
- translational medicine - has been de-
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veloped in the field of molecular genet-
ics research of hereditary diseases. The
process of gradual implementation of its
main directions is noted: "Discovery",
"Population studies”, "DNA diagnostics",
"Bioethical research", "State programs
for the prevention of hereditary diseas-
es". The translation of scientific achieve-
ments into clinical practice is a long pro-
cess, as it turned out, in the conditions of
the Republic, it lasted for about 20 years.
On the one hand, the use of new tech-
nologies has raised the healthcare of the
Republic of Sakha (Yakutia) to a qualita-
tively new level, on the other hand, it has
brought many intractable problems of an
ethical, legal and informational nature.
The main problems of TM are medical,
social, organizational and financial. In the
field of medical and social problems, bio-
ethical ones stand out, since with the ex-
isting differences in the clinical and social
effects of hereditary diseases common in
Yakutia, differentiated approaches are re-
quired in the development of ethical rules
for DNA testing and the study of public
opinion on the genomic technologies
used. Organizational problems include
the issues of training laboratory doctors
for molecular genetic laboratories, equip-
ping laboratories with equipment and re-
agents for genetic research. Economic
problems are specific to our republic,
due to the remoteness of the region from
Central Russia, so it is necessary to raise
the issue of the importance of implement-
ing state programs for the prevention and
treatment of hereditary diseases in the
Republic of Sakha (Yakutia).
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