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Abstract

Currently, one of the most promising areas of medicine is the development 
and implementation of new biomedical technologies in the field of human re-
production with the involvement of resources of biobanks and biocollections 
as well as modern genetic technologies. In this review, we considered the key 
dimensions of personalized medicine, such as biobanking and genomic medi-
cine. We illustrated crucial aspects in the organization of human bioresource 
collections and the difficulties arising in the interaction of specialists in the field 
of biobanking. Problems in obtaining informed consent and collecting personal 
data are described. Furthermore, the need for creating and developing com-
plex information systems for storing, processing, and analyzing data, creating 
genetic databases is emphasized. Foreign experience in consolidation of bio-
bank data and the results of genomic studies is summarized. We also describe 
D. O. Ott Research Institute of Obstetrics, Gynecology and Reproductology’s ex-
perience in creating collections of human biomaterials (today it contains more 
than 60,000 samples, including samples of blood and its derivatives (plasma, 
serum, whole blood), urine samples, placental tissue, cell cultures, DNA, RNA, 
and others) and in quality management. The main results of genetic research 
are provided. Experience in these studies served as the basis for the creation 
of Biobank “Genofond” and the unique scientific facility “Human Reproductive 
Health”. The principle of creation of the collection, its purpose, and objectives 
for future research in the genetics of reproduction are described.

Keywords: biobank, reproduction, genomic medicine, personalized medicine, 
bioresource collections

Biobank as a key element of personalized medicine

Major challenges

The rapid development of new knowledge and technologies, coupled with the on-
going large-scale changes in society, creates global challenges for humanity. They 
are dictated not only by the fourth technological revolution and demographic 
changes (population aging and a decrease in the birth rate), but also by the ac-
cumulation of large amounts of information (Big Data), including the sequence 
of the genomes of various living organisms, and, above all, humans. These factors, 
together with the increased interest of patients in taking care of their health, as 
well as the development of information technologies, artificial intelligence algo-
rithms (including decision-making systems), reinforce the need for the develop-
ment and early implementation of approaches and principles based on personal-
ized medicine in the healthcare system (Abdelhalim et al., 2022).
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Genomic medicine and biobanking

Further development of personalized medicine will be 
based on the resources of biodatabanks and the results 
obtained via genetic technologies (Trehearne, 2016; Jang 
et al., 2018). With the involvement of biocollections and 
solutions in the field of genomic medicine, scientists and 
clinicians will soon be able to move from the collection and 
storage of biomaterial to its full study and practical use in 
the interests of the health of each individual citizen (Grant 
and Maytum, 2018; Conroy et al., 2019). While as recent as 
10 years ago pharmaceutical companies did not even want 
to hear about the development of individually optimized 
drugs, now most of them seek to obtain, and some already 
have such solutions. Obviously, this trend will continue, and 
we will not only have drugs for patients with rare diseases 
but also personalized drugs for each individual (Grant and 
Maytum, 2018). Among other things, the development of 
a personalized direction in pharmaceutics will be aimed at 
developing a drug selection algorithm for the achievement 
of the best therapeutic response to the treatment of a par-
ticular individual and, at the same time, for the avoidance 
of possible adverse effects (Morganti et al., 2019). One of 
the most famous and most expensive drugs in the world is 
the gene replacement drug zolgensma for the treatment of 
spinal muscular atrophy (Mendell et al., 2021). Moreover, 
not only drugs will be personalized, but also all dietary 
supplements and foodstuffs (Vesnina, Prosekov, Kozlova, 
and Atuchin, 2020). We assume such developments will 
be based on multi-genome research: analysis of multi-
genome communities (human-microorganism(s)), new 
types of projects in the genetics of reproduction (study of 
the genomes of a mother, fetus, and their microbiomes), 
and some others. A similar fate awaits the vaccines. All of 
them will be individual. Such vaccines will not have ad-
verse effects and will be ideal for a particular person (their 
genome) (Mozz, Pontremoli and Sironi, 2018).

Not only the treatment but also the diagnosis and the 
prevention of diseases will become personalized (Khera et 
al., 2018). Prevention of genetic diseases (both of mono-
genic and common nature) is largely considered to be 
the best tool in reproductive medicine. Today, the repro-
ductive medicine is already difficult to imagine without 
the use of genetic technologies and data accumulated in 
biobanks, including the study of the genomes of future 
parents and the fetus (embryo) (Treff et al., 2020; Turro et 
al., 2020). The reproductive medicine is, obviously, about 
to become the backbone of personalized medicine and a 
leading branch of medical science since the value of bio-
logical life will only increase with time.

Features of the creation of  
human biomaterial collection

The creation of a biobank or a bioresource collection is 
a complex and time-consuming process. And the point 

here is not only in the infrastructure component (which 
requires the presence of special clean rooms, equipment 
for low-temperature storage and cryostorage of bioma-
terial, specially designed engineering systems, backup 
systems for electricity and liquid nitrogen), but also in 
the semantic content of the collection. Such content 
should be based on both the idea of biodiversity conser-
vation and the principles of resource accumulation for 
the development of new diagnostic solutions and drugs, 
the creation of unique databases, bioinformatic algo-
rithms which allow for a modeling of genetic risks, and 
decision-making systems, as well as the tasks of certain 
scientific projects that characterize the specificity of the 
collection and its size.

The creation of large representative collections of 
human biological material today is inconceivable with-
out the involvement of several organizations which have 
personnel with a certain expertise in a wide range of re-
productive medicine tasks. Such integration should take 
place within a network center which is capable of inte-
grating resource databases and may become the basis 
for the subsequent transition from network biobanks to 
family and individual ones.

Bioresource collections of patient-derived biologi-
cal samples have both general and specific characteris-
tics, which distinguish them from other types of biocol-
lections.

The general characteristics of a collection include 
the following parameters: the presence of a collection 
passport; the use of standard operating procedures 
(hereinafter referred to as SOPs) at all stages of the sam-
ple life cycle; the availability of the specialized (but in 
many ways common) equipment for biomaterial stor-
age; the connection of each sample with the correspond-
ing genetic information and/or data.

The specific characteristics of a patient-based col-
lection include the presence of an informed consent 
for sample donation (see details below), approved local 
Ethics Committee decision; the presence of SOPs which 
allow for the quality control of the biomaterial suitable 
for its “return” into the recipient’s body; the presence of 
anamnestic, clinical, and instrumental-laboratory in-
formation obtained during the examination of a donor; 
the standardization and validation of equipment and 
methods; the licensing of certain types of activities of 
departments and organizations which collect, store, and 
use biosamples; the presence of a unique encoding for 
biosamples (e.g., SPREC); the specific biosamples (Dill-
ner and Andersson, 2011; Norlin et al., 2012; Campbell 
et al., 2018).

The unique encoding for biosamples (Standard 
PREanalytical Code) allows for an accurate documenta-
tion of procedures and capture of the most important 
preanalytical parameters of various types of human bio-
material (Lehmann et al., 2012). The encoding of biosa-
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mples allows for the quick and accurate work with any 
specimens.

Today, the most widely used samples of human bio-
material collection include samples of organs and tissues 
(in reproduction, the main material is the placenta), liq-
uid samples (whole blood, serum, plasma, cord blood, 
urine, sperm, etc.), embryos, eggs, stem cells, cell cul-
tures (primary and secondary from various patients), 
blood on filter paper, DNA, RNA (Fig. 1).

Most human biomaterials are to be stored at  
–70/–80 °C, e.g., liquid biomaterials, RNA; tissues, em-
bryos, all types of cells are stored in nitrogen or its va-
por; DNA is stored at higher temperature (–20 °C); dried 
blood spots are kept at room temperature.

The main unsolved issues of  
the human material biobanking

The exchange of information is an important issue in 
the interaction of specialists in biobanking, including 
those involved in reproductive health. The creation of 
specialized glossaries is required to reduce inaccura-
cies and inconsistencies in the interpretation of certain 
terms in the interaction between people or organiza-
tions, to facilitate the work of specialists and research-
ers of related fields, and to speed up the process of in-
troducing this terminology into practice (Fransson, 
Rial-Sebbag, Brochhausen and Litton, 2015). The need 
for a glossary is dictated by the fact that biobanking in-

cludes work with both biological samples and informa-
tion associated with them. Specialists in this field need 
to master the basic concepts in various fields: firstly, the 
biological terminology for the description of the bio-
logical samples’ properties, all sample processing, and 
research; secondly, the medical terminology for the 
annotation and interpretation of clinical information; 
thirdly, the basics of information technology for large 
volumes of data management, including their analy-
sis; and, fourthly, the legislative terminology, including 
the knowledge of the main federal and regional laws, 
as well as by-laws in the field of personal data protec-
tion and compliance with all legal norms. Considering 
international experience (Norlin et al., 2012; Frans-
son, Rial-Sebbag, Brochhausen, and Litton, 2015; Bio-
bank Sverige…; Ellis et al., 2017; Campbell et al., 2018), 
such a glossary, which included seven main sections 
(Biobank, biosamples; Audit, quality control; General 
workflow terms; Legal and ethical terms; Cryobiol-
ogy; Information technology; Equipment), was created 
and published in 2020  in Russia by the experts from 
the National Association of Biobanks and biobanking 
specialists (NASBIO) (Mikhailova et al., 2020). Today, 
this glossary is the only guide on biobanking in the 
country, although it requires certain corrections and 
additions as a part of the development of new technolo-
gies and solutions in the field of human reproduction 
and in other areas which involve bioresource collec- 
tions.

Fig. 1. Human sample types.
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However, the nuances in the collection, storage, and 
distribution of human samples are associated not only 
with the need to introduce a common language of com-
munication but also with a number of unresolved ethical 
and legal issues and tasks in the field of informatization 
of collections and data, including genetic information.

The complexity of approaches to meeting the ethi-
cal challenges requires separate scientific research. In 
this publication, we will focus on the main issue: an in-
formed consent (IC). The presence of this document is 
crucial in the work with human biomaterials. The ethi-
cal and legal appropriateness of different models of the 
IC is one of the hottest topics where there is a lack of 
consensus among academics, research regulations, and 
opinion poll results (Master, Campo-Engelstein and 
Caulfield, 2015). The specificity of the IC for the do-
nors of biobanks is due to the fact that the biomaterials 
are most often initially obtained as a part of diagnostic 
procedures, and only in the aftermath do they become 
the object of research. Thus, the possible change in the 
characteristics of biomaterials (especially in genetic re-
search) is an additional area of ethical tension associ-
ated with the concept of the IC development. Therefore, 
there is a steady trend in biobanks towards the use of the 
“extended informed consent” and the informed consent 
forms as close as possible to that for optimization of the 
research activities. However, this trend is fraught with 
the risk of complete loss of control over the samples and 
information for the donor (Baranova, Fedulova, Glotov 
and Izhevskaya, 2022).

Of great importance for the activities of the biobank 
is the policy on the processing and protection of per-
sonal data. In the Russian Federation, on the one hand, 
such a policy should be based on the provisions of ar-
ticle 18.1 of the Federal Law “On Personal Data” dated 
July 27, 2006 No. 152-FZ, but on the other hand, to com-
ply with the goals and objectives of a particular institu-

tion or organization while ensuring the protection of the 
rights and freedoms of a person and citizen in the pro-
cessing of his personal data (Federal Law No. 152-FZ). 
It should be noted that the processing of personal data 
itself poses an ethical dilemma: either the biobank re-
liably protects the patient’s right to anonymity (but, at 
the same time, the information received cannot be used 
for therapeutic benefit of the donor or their relatives), 
or the biobank develops and operates a certain mecha-
nism of anonymization/deanonymization of data, which 
carries an increased risk of personal information leak-
age. Data depersonalization in general includes not only 
anonymization but also the coding of biosamples. This 
procedure is mandatory for the functioning of any bio-
bank; familiarization with it makes the donor confident 
of maximizing security procedures when working with 
their personal data (Baranova, Fedulova, Glotov and 
Izhevskaya, 2022).

Informatization in biobanking

For implementation of the main goal of the biobank’s ac-
tivity — to make the collection available for distribution 
and scientific research — a system of access to the stor-
age units and data should be organized.

The information system of a biobank is understood 
as the totality of the information contained in the da-
tabases and the information technologies and techni-
cal means that ensure its processing (Mikhailova et al., 
2020). Such a system may include the creation and avail-
ability of certain databases (information about the pa-
tient, the sample, studies performed with the sample), 
the sample processing, the data processing algorithms, 
the decision-making systems, including artificial intel-
ligence technologies (Fig. 2).

Digitalization is the only effective tool for enabling 
the registration and exchange of information between 

Fig. 2. Biobank informatization.
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different structures within the same organization or be-
tween different institutions, the creation of collective use 
centers, the unique scientific facilities, the conduction of 
joint scientific research, etc. Indeed, the informatization 
of biobanks should take into account the specifics and 
tasks of a particular biobank associated with its scientific 
or clinical activities, educational component, features of 
the organizational structure, and legislative nuances re-
lated to a certain collection.

It is necessary to mention that all the largest biobanks 
in Europe and the USA use information platforms in their 
work. The vast majority of these designs were developed 
in the USA (Agilent SLIMS (https://explore.agilent.com/
Agilentslims), CloudLIMS (https://cloudlims.com/in-
dustries/biobanking-lims-software.html), LabCollector 
(https://labcollector.com/lp-biobanking-lims-software/), 
BSI (https://www.bsisystems.com/bsi), LabVantage 8 
(https://www.labvantage.com/lims-technical-infra-
structure-exploring-labvantage-8), BiobankPro (https://
www.brookslifesciences.com/products/biobank-sample-
management-system), Matrix Gemini Biobank Manager 
LIMS https://www.autoscribeinformatics.com/resources/
press-releases/enhanced-capabilities-formatrix-gemini-
biobank-management) (in cooperation with the UK and 
the Czech Republic)) The listed solutions are used in vari-
ous types of biobanks (state, private), within research in-
stitutes and universities, thereby solving the problems of 
research, diagnostic and therapeutic biobanks.

Examples of the successful use of biobanks for 
implementation of the genomic medicine tasks

As mentioned above, genomic medicine and biobanking 
are closely intertwined. Such an overlap is largely con-
nected with the fact that the costs incurred for the ex-
pensive genetic (often population) research are so large 
that the loss of such samples and the obtained genomic 
information is an unjustified wastage. Well-character-
ized genetic banks of biomaterials are of great interest 
in the development of new diagnostics, in the search for 
biomarkers, and in solving problems of personalized 
medicine (Grant and Maytum, 2018).

The largest biobanks greatly vary in the size of the 
collection, the amount of available phenotype and geno-
type data. Nevertheless, all of them are extensively used 
in genomics, providing a rich resource for genome-wide 
association analysis, genetic epidemiology, and statisti-
cal research into structure, function, and evolution of 
the human genome. Recently, multiple research efforts 
were based on trans-biobank data integration, which in-
creases sample size and allows for the identification of 
robust genetic associations (Trehearne, 2016; Jang et al., 
2018; Turro et al., 2020).

One of the most successful examples of an interac-
tion between biobanks and genetic technologies is the 

experience of the Genomics English project (https://
www.genomicsengland.co.uk). The project is based on 
the large prospective population-based database and pri-
mary data from 500,000 UK residents aged 40–69 years 
(Rusk, 2018). Baseline questionnaires were designed to 
accommodate cutting-edge research questions. During 
the interview, hearing and cognitive functions were as-
sessed. In research centers participants underwent an-
thropometric measurements, hand grip strength test, 
spirometry, and densitometry. Additionally, blood and 
urine were tested for biochemical parameters.

The goal of Genomics England is a genetic card for 
every citizen, individual therapy, introduction of ge-
nome editing technology, early and more accurate diag-
nosis (Grant and Maytum, 2018).

Through this project, serious changes occurred in 
public health: the work of more than 100  clinics was 
consolidated; 13 genomic medicine centers (gmcs) were 
established by the end of 2018; the GENE consortium 
was created as a mechanism for interaction with the in-
dustry (through membership fees for access to data); the 
diagnostic efficiency of rare diseases (every third patient 
received a diagnosis) increased 4–5-fold; the detection 
rate of oncological diseases reached 65 % (Grant and 
Maytum, 2018).

The data of Genomics England helps to find new 
treatments and possible cures for a wide range of health 
conditions. Researchers might use the data to try and 
find new, faster ways to analyze large amounts of data. 
Researchers may also share their findings with other sci-
entists and doctors through publications or meetings to 
help research advance as quickly as possible. New drugs 
and diagnostic tests may be developed by the NHS, uni-
versities, and companies across the world. Researchers 
will be able to find opportunities for you, and others like 
you, to take part in relevant research projects or clinical 
trials (https://www.genomicsengland.co.uk).

For instance, English investigators used whole-
genome sequencing (WGS) in a national health system 
to streamline diagnosis and to discover unknown aetio-
logical variants in the coding and non-coding regions of 
the genome. They generated WGS data for 13,037 par-
ticipants, of whom 9,802  had a rare disease, and pro-
vided a genetic diagnosis to 1,138  of the 7,065  exten-
sively phenotyped participants (identified 95  Mende-
lian associations between genes and rare diseases). By 
generating WGS data of the UK Biobank participants, 
it was found that rare alleles can explain the presence 
of some individuals in the tails of a quantitative trait for 
red blood cells. They demonstrated a synergy by using 
WGS for diagnosis and aetiological discovery in routine 
healthcare (Turro et al., 2020). The results of this proj-
ect could provide an opportunity to expand newborn 
screening from the present 9 conditions offered in the 
UK to many more rare diseases (https://www.genomic-

https://explore.agilent.com/Agilentslims
https://explore.agilent.com/Agilentslims
https://cloudlims.com/industries/biobanking-lims-software.html
https://cloudlims.com/industries/biobanking-lims-software.html
https://labcollector.com/lp-biobanking-lims-software/
https://www.labvantage.com/lims-technical-infrastructure-exploring-labvantage-8
https://www.labvantage.com/lims-technical-infrastructure-exploring-labvantage-8
https://www.brookslifesciences.com/products/biobank-sample-management-system
https://www.brookslifesciences.com/products/biobank-sample-management-system
https://www.brookslifesciences.com/products/biobank-sample-management-system
https://www.autoscribeinformatics.com/resources/press-releases/enhanced-capabilities-formatrix-gemini-biobank-management
https://www.autoscribeinformatics.com/resources/press-releases/enhanced-capabilities-formatrix-gemini-biobank-management
https://www.autoscribeinformatics.com/resources/press-releases/enhanced-capabilities-formatrix-gemini-biobank-management
https://www.genomicsengland.co.uk
https://www.genomicsengland.co.uk
https://www.genomicsengland.co.uk
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sengland.co.uk/). The aims of the research pilot, accord-
ing to Genomics England, are to expand the number of 
rare genetic diseases screened for in early life to enable 
research into new therapies, and to explore the potential 
of having a person’s genome be part of their medical re-
cord that can be used at later stages of life. Building on 
the principles of the newborn screening program, up to 
200,000 babies’ genomes will be sequenced and analyzed 
for a set of actionable genetic conditions which may af-
fect their health in early years, including reproduction. 
This aims to ensure timely diagnosis, access to treatment 
pathways, and enable better outcomes and quality of life 
for babies and their families (Bick et al., 2022).

Preconception carrier screening program providing 
genetically at-risk families with a chance to have healthy 
children was started. Where the risk is high, it facilitates 
access to testing, such as IVF with pre-implantation ge-
netic screening, to ensure the health of future children. 
For families with a known history of a serious genetic 
disorder, if it is shown there is a low risk of recurrence, it 
can restore reproductive confidence. This is a remarkable 
step forward from current practice where a majority of 
families, even those with a family history of a serious ge-
netic disorder, have no well-informed advice of the risk 
to their future children. The project captures the impacts 
for government and provides much needed evidence, 
which will ultimately improve the lives of children and 
their families. Data from the 100,000 Genomics Project 
provides an opportunity to collect high-quality health-
care utilization and associated costs within the largest 
genome sequencing program in the UK, in an NHS set-
ting. The estimates can then be used as an input parame-
ter in purposeful constructed economic models to assess 
where the use of WGS is most likely to represent value 
for money for the NHS (https://www.genomicsengland.
co.uk/research/academic/research-projects?page=1&p-
term=repro&p-category=&p-domain=&p-order=).

UK Biobank GWAS results for thousands of phe-
notypes (including reproduction health and pregnancy 
complications) were made publicly available to the sci-
entific community. Aggregation of such publicly avail-
able data allows for phenome-wide association studies 
(PheWAS), as well as identification of genes that affect 
several traits or diseases in the phenotype (Watanabe 
et al., 2019; Shikov, Skitchenko, Predeus and Barbitoff, 
2020). Besides, the results of these studies enable the de-
velopment and evaluation of polygenic risk scores (PRS) 
into clinical practice for prediction of an individual 
risk, which is a cornerstone of present-day personal-
ized medicine (Khera et al., 2018). Since 2015, a group 
of academic geneticists have developed an online open 
access genetics platform which utilizes this DTC data 
to produce PRS scores for various health traits and dis-
eases. The platform touches on an uncharted territory 
at the forefront of current debate about PRS utilization 

in clinical practice, including how genetic data can be 
presented best to the public, and what the lasting effects 
of knowing one’s genetic profile might be (Folkersen et 
al., 2020).

The range of benefits of biobanking in various pop-
ulations in both research and clinical applications can be 
further expanded by taking into account the ever-grow-
ing number of trans-biobank collaborative research.

In summary, it should be noted that the enlarge-
ment of genomic studies by merging biobank data en-
abled the researchers to investigate both common and 
population-specific genomic patterns of health and dis-
ease across various populations and to solve previously 
undecidable tasks.

Personalized medicine and reproduction

Genetics in the system of human reproduction

The importance of genetic research in human reproduc-
tion increases year by year. Firstly, this is connected with 
the fact that the main causes of global problems of hu-
man reproduction in the present and future (postponed 
childbearing, an increase in the frequency of somatic 
diseases of future parents, an increase in the negative an-
thropogenic impact on the environment) are associated 
with a high and demographically significant incidence 
of infertility or miscarriage, an increase in the number 
of assisted reproductive procedures, an increase in the 
number of severe pregnancy complications, maternal 
and infant mortality. Secondly, the number of hereditary 
diseases grows every month and already approaches 
10,000 (including 6454  phenotypes with known mo-
lecular basis, 1512 phenotypes with unknown molecu-
lar basis, and 1752  other phenotypes with suspected 
Mendelian basis) (https://omim.org/statistics/entry). 
For 8120 of them, there are known or suspected disease 
gene relationships (https://www.orphadata.com). Third-
ly, genetic diseases are a common cause of abortion or 
the development of congenital malformations (CM) 
of the fetus. An estimated 6 % of babies worldwide are 
born with a congenital anomaly, resulting in hundreds 
of thousands of associated deaths (https://www.who.
int/health-topics/congenital-anomalies#tab=tab_1). 
Congenital malformations today occupy a leading place 
among genetic pathologies, reaching 2.7 % in some Eu-
ropean countries (https://eu-rd-platform.jrc.ec.europa.
eu/eurocat/eurocat-data/prevalence_en), in Russia  — 
from 1.9 to 7 % (Baranov, Vakharlovskiĭ and Aĭlamazian, 
1994; Nagorneva, Prokhorova, Shelaeva, and Khudove-
cova, 2018). To reduce the risk of reproductive loss, vari-
ous genetic technologies are used at all stages of human 
reproduction. Assessment of the risk of chromosomal 
pathologies or monogenic diseases is possible at the 
stage of pregnancy planning (preconception screening), 

https://omim.org/statistics/entry
https://www.orphadata.com
https://www.who.int/health-topics/congenital-anomalies#tab=tab_1
https://www.who.int/health-topics/congenital-anomalies#tab=tab_1
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en


292 BIOLOGICAL  COMMUNICATIONS,  vol. 67,  issue 4,  October–December,  2022 | https://doi.org/10.21638/spbu03.2022.404

at the stage of embryonic development (preimplantation 
genetic testing), during pregnancy (non-invasive pre-
natal screening, invasive prenatal diagnostic), in a new-
born (neonatal screening), or in the family (diagnosis of 
a hereditary disease) (Fig. 3).

Prospects for the use of human biomaterials in 
reproduction

Biobanking in reproduction is essential for solving 
problems in two focus areas. On the one hand, special-
ists collect unique biomaterial for biomedical tasks that 
are directly involved in the stages of human reproduc-
tion; on the other hand, they take biosamples for genetic 
research. Sometimes these approaches may overlap.

The purposes of using the samples may vary in the 
first case, not necessarily related to the genetic compo-
nent. For example, the collection of tissues of the placen-
ta, including the amniotic membrane isolation, allows 
for the creation of new drugs for medical use in cardiol-
ogy, neurology, immunology, hepatology, cosmetology, 
etc. Additionally, these samples can be used in regenera-
tive medicine, as well as for the foundation of a platform 
for developing a human placental barrier model (pla-
cental drug transfer from mother to fetus), and models 
of pathological placental development. Umbilical cord 
blood samples and those of umbilical cord tissue are 
utilized as a source of hematopoietic and mesenchymal 
stem cells, and human umbilical vein endothelial cells 
(HUVEC). It also finds an application in regenerative 
medicine and hematology (for umbilical cord blood 

stem cells transplantation in order to reduce the time of 
searching for a compatible donor). Ovarian tissue serves 
as the material for cryopreservation and in-vitro matu-
ration (IVM), oncotherapy, and auto transplantation, as 
well as for the creation of a system for ovarian follicles 
cultures and for optimizing the cultivation conditions 
to obtain mature oocytes and embryos of high quality 
(Santillan et al., 2014; Schenk et al., 2017).

In the second case, the tasks of biobanking are fo-
cused on the use of samples from bioresource collections 
to solve both individual problems of a particular fam-
ily and common issues in the area of genetic research. 
For instance, samples of whole blood, buffy coat, DNA, 
RNA from the donor are preserved when performing 
molecular genetic or molecular cytogenetic tests. This 
biomaterial can be used both for future genetic studies 
in the patient, and for the search for new biomarkers of 
the disease of interest on the population scale. The ge-
netic causes of the disease found based on the results of 
testing may indicate the need for the use of donor bio-
material (donated sperm, oocytes, and embryos), stored 
in a reproductive biobank. In some cases, samples with 
rare variants serve as the material for the development 
of new diagnostic test systems or for the search for new 
targets. Genetic data associated with available samples 
allows for the creation of patient registries and new 
genetic databases, as well as the development of math-
ematical algorithms for modeling the risk of reproduc-
tive diseases on this basis (Trehearne, 2016; Grant and 
Maytum, 2018; Jang et al., 2018; Treff et al., 2020; Turro 
et al., 2020; Bick et al., 2022).

Fig. 3. Genetic reproduction technology
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D. O. Ott	Research	Institute	of	Obstetrics,	
Gynecology and Reproductology as 
a platform	for	research	in	the	field	of	
human reproductive genetics

Genetic collections

D. O. Ott Research Institute of Obstetrics, Gynecology 
and Reproductology was founded 225 years ago. Today, 
the institute is the leading research center in reproduc-
tion, obstetrics, and gynecology in the Russian Federa-
tion. Fundamental, applied, and exploratory research is 
carried out in the areas of pathological pregnancy, com-
plications of labor, delivery and the postpartum period, 
perinatology, human reproduction, and women’s health 
care in the institute.

The institute has paid great attention to the human 
genetics studies and translation of the results of genetic 
research into clinical medicine for more than 35 years. 
In 1987, a corresponding member of the Russian Acad-
emy of Sciences Vladislav S. Baranov founded the first 
prenatal diagnostic laboratory in Russia. The purposes 
of the laboratory were the investigation of genetic causes 
of gynecological disorders and obstetric conditions, the 
development of new methods for diagnosis and preven-
tion of hereditary diseases and congenital anomalies, the 
creation and implementation of new biochemical, mo-
lecular genetics, and cytogenetics techniques in practi-
cal medicine, the exploration of the scientific basis for 
gene therapy, and the application of genetic approaches 
and methods to human reproduction. In addition, the 
laboratory staff has always paid particular attention to 

the collection of DNA samples from families with rare 
hereditary diseases (Baranov, 2017).

The experience in conducting genetic research and 
the established scientific school became the basis for the 
development of genetic knowledge at a new level and the 
transition to the creation of bioresource collections.

The Department of Genomic Medicine was estab-
lished on the basis of the laboratory in 2019, and soon 
became the platform for all the reproductive medicine 
genetic research conducted at the institute. The depart-
ment consists of three laboratories (genomics laboratory 
with a group of bioresource collections, laboratory of 
molecular genetics and gene therapy, and laboratory of 
cytogenetics and cytogenomics of reproduction) and the 
Biobank “Genofond” (established in 2021) (Fig. 4).

The Department of Genomic Medicine employs 
60 staff members, including 27 scientists and research-
ers, laboratory assistants and engineers, each of whom 
participates in the creation and maintenance of the in-
stitute’s bioresource collection. The core of the collection 
was constructed on the basis of already existing biocol-
lections of the department. The collections’ replenish-
ment is carried out not only by the department staff but 
also by researchers and clinicians from other clinical and 
scientific departments, i.e., the Department of Obstet-
rics, the Department of Gynecological Endocrinology, 
maternity wards, the Department of Assisted Reproduc-
tive Technologies, and others.

To date, the Biobank “Genofond” stores more than 
60 thousand samples, including blood and its derivatives 
(plasma, serum, buffy coat); urine; placental tissues; cell 
cultures; DNA; RNA; and other human biological ma-

Fig. 4. Department of Genomic medicine as a basis for the implementation of genetic studies in reproduction.
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terial from population control individuals and patients 
with monogenic diseases, autoimmune disorders, en-
docrine pathologies, obstetrics and gynecological con-
ditions, cardiovascular diseases (Fig. 5). In particular, 
there are primary cell cultures from patients with spi-
nal muscular atrophy and leiomyoma. The bioresource 
collection is annually replenished with 15–20 thousand 
new specimens.

To maintain a bioresource collection, particular at-
tention should be paid to the quality management sys-
tem for the collection of biosamples (see details below), 
to the creation of genetic testing results databases, as well 
as to the search for biomarkers of human disorders, to 
the disease risk prediction modeling, and to algorithms 
for bioinformatic analysis of genomic data. A separate 
area of research with the use of samples from the bio-
resource collection is the analysis of genetic causes of a 
disease in particular families with an aggravated family 
history.

Quality management

The main condition that guarantees an effective accu-
mulation of specimens for the creation of bioresource 
collection of human samples is the quality management, 
which involves prediction of potential errors and thor-
ough planning at all the stages of the process. The risk 
of samples or data loss can be managed with a clear lo-
gistics system, precise algorithms, and standardized pro-
cesses. The ways to address important logistic features 
and problems were developed at the institute to create 
a collection of biosamples from donors and from the 
most difficult group of study participants to collect  — 

pregnant women (Illarionov et al., 2020; Pachulia et al., 
2021).

The most challenging and significant stage which 
ensures a 70 % of success rate in future interaction with 
patients, is the participant recruitment. The interest and 
active involvement of a participant depends on the reli-
ability of the information provided about goals, advan-
tages, and shortcomings of the study, on the understand-
ing of provided information, on establishing a safe and 
trusting connection between a patient and a doctor. In 
2020 and 2021, the main reasons for patient’s refusal to 
participate in research were the COVID-19 pandemic 
and the reluctance to visit hospitals due to concerns 
regarding the risk of contact with infected people and 
contracting COVID-19 (29.4 % of all refusals and 5.1 % 
of the total number of study participants). Among other 
common reasons for refusal were concerns about the 
safety of the study itself for the pregnant woman and 
fetus, and doubts regarding the safety of personal and 
clinical data storage (11.8 % for each reason). The big-
gest patients’ fears were anemia (decreased hemoglobin 
level) due to collection of a significant amount of blood, 
and dissemination of personal information (Pachulia et 
al., 2021).

The next challenging step, associated with about 
60–75 % of errors, is the preanalytical phase, including 
all the procedures starting from the moment of patient’s 
recruitment to the sample delivery to the laboratory 
(Lippi et al., 2015). The accuracy of paperwork, elec-
tronic databases, correct entry of comprehensive data, 
reflecting complete clinical picture and request forms 
for the laboratory tests required for the study determines 
the quality and completeness of the information associ-

Fig. 5. Structure of the bioresource collection of the Department of Genomic Medicine.
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ated with the sample and, therefore, the possibility of us-
ing the sample for different research purposes. Correct 
collection of biological material, its proper storage and 
transfer are also of great importance. Failure to comply 
with the requirements of standard operating procedures 
for sample collection leads to a specimen destruction 
and loss. Improper data entry and management is the 
main reason for the loss of data concerning the study 
participant and laboratory analysis, which in turn, most 
significantly, leads to the unreliability of the study re-
sults. According to our data, sample collection errors 
occur in 5 % of cases (Pachulia et al., 2021).

Therefore, quality management with a clear logistic 
system, proven algorithms, and validated SOPs must be 
provided at each step to minimize risks of errors in the 
research process.

The main results in genetic technologies 
conducted with the use of  
bioresource collections

Over the past 5 years the team of D. O. Ott Research In-
stitute conducted research on the role of epigenetic fac-
tors in the development of preeclampsia with the use of 
samples from the bioresource collection. The results in-
dicate that the increased levels of multiple microRNAs 
(miR-515–3p, miR-31–5p, miR-210–3p, miR-518a-3p, 
miR-524–3p, miR-518c-3p, miR-520a-3p, miR-515–5p, 
miR-516a-5p, miR-519e-5p, miR-193b-3p, miR-4532, 
miR-518f-3p, miR-518a-5p, miR-518e-3p), and de-
creased levels of other ones (miR-135b5p, miR-195–5p, 
let-7f-5p, miR-34c-5p, miR-1–3p, miR-98–5p, and 
miR-223–3p) may serve as markers of preeclampsia in 
patients with arterial hypertension (Vashukova et al., 
2016). Pilot studies were performed to analyze genomic, 
transcriptomic, and proteomic markers of preterm birth 
(Gerasimova et al., 2019; Barbitoff et al., 2020) These 
studies made it possible to identify the new risk factors 
for obstetric diseases: amyloid-like proteins determine 
the risk of preeclampsia, and miR-210 expression dys-
regulation determines various mechanisms for pre-
eclampsia development.

Methodological approaches to the search for new 
biomarkers of common diseases were developed by com-
bining the data from whole genome sequencing (WGS) 
and genome wide association studies (GWAS), which al-
lowed for the identification of the most significant can-
didate genes for obstetric complications (IGF2, PPARG, 
NOS3, FBLN7, STK32B, ACTR3B, KAZN, TLE1) (Barbi-
toff et al., 2020). In addition, a unique miRNA database 
for annotation and interpretation of data from molecular 
genetic studies in obstetrics and gynecology was created 
(miRNAPregnancyDB). The department also carries out 
the research on the genetics of type 2 diabetes mellitus 
using high-throughput sequencing technologies. A mul-

tilevel approach to the analysis of small samples was de-
veloped and introduced in order to find biomarkers of 
the common diseases from exome sequencing data. Bio-
informatic analysis of the whole-exome sequencing data 
from patients with type 2 diabetes and obesity made it 
possible to identify rs328  (LPL), rs11863726  (HBQ1), 
rs112984085  (VAV3) associated with type 2  diabetes 
and obesity, rs9379084  (RREB1), rs2233984  (C6orf15), 
rs61737764  (ITGB6), rs17801742  (COL2A1), and 
rs685523  (ADAMTS13) associated with type 2  dia-
betes, and rs6271  (DBH), rs62618693  (QSER1), 
rs61758785  (RAD51B), rs34042554  (PCDHA1), and 
rs144183813 (PLEKHA5) associated with obesity (Bar-
bitoff et al., 2018; Nasykhova et al., 2019). Seven dif-
ferentially expressed miRNAs (hsa-miR-490–3p, hsa-
miR-6760–3p, hsa-miR-6507–3p, hsa-miR-6788–3p, 
hsa-miR-6505–3p, hsa-miR-4700–3p, hsa-miR-4670–
3p) were found in patients with type 2  diabetes when 
compared with healthy controls. The rare allele of the 
rs12208357 variant in the SLC22A1 gene was found to 
be a marker of the reduced therapeutic response to met-
formin treatment, both in independent analysis and in 
combination with phenotypic parameters (gender, fam-
ily history of type 2 diabetes, waist-hip ratio). 

An algorithm for the design of personalized ge-
netic test systems was developed and introduced for 
the identification of pathogenic variants responsible for 
the hereditary diseases, in particular for the purposes 
of prenatal or preimplantation diagnosis in the depart-
ment. More than 300 families were examined with the 
use of these laboratory test systems. The preimplanta-
tion genetic test (PGT-M) for more than 20 monogenic 
diseases is also performed in the department.

A unique bioinformatics algorithm was created to 
assess the risk of chromosomal pathologies in the fetus 
by analyzing the peripheral blood of a pregnant woman. 
To date, more than 4500 individual tests were performed 
with more than 70 cases of chromosomal abnormalities 
identified. For the first time the efficiency of genome-
wide non-invasive prenatal testing (NIPT) use for the 
analysis of mtDNA mutations and determination of the 
ethnicity of a pregnant woman was demonstrated (Mor-
shneva et al., 2021).

An iRGD-ligand-conjugated peptide carrier RGD1-
R6 was developed for gene therapy of uterine fibroids. 
The delivery of the plasmid encoding HSV-1 thymidine 
kinase into primary uterine fibroids cells demonstrated 
a significant therapeutic effect (Egorova et al., 2022).

Finally, a unique project for neonatal screening of 
spinal muscular atrophy was launched at the depart-
ment at the end of 2021. This project was made possible 
through the collection of DNA samples from families 
with spinal muscular atrophy, which became the basis 
for the development of a new screening test (Maretina 
et al., 2022).
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Bioresource collection  
“Human reproductive health”

Unique scientific facility (USF)

In present-day Russia there are four scientific centers that 
deal with genetic issues of human reproduction and have 
certain biological collections. These are the V. A. Kulakov 
National Center of Obstetrics and Gynecology (Mos-
cow), Tomsk National Medical Center (Tomsk), Research 
Cente for Medical Genetics (Moscow) and the D. O. Ott 
Institute of Obstetrics, Gynecology and Reproductology 
(Saint Petersburg). Currently, two of them have joined 
forces in creating the bioresource collection “Human re-
productive health”, which was launched in 2021  on the 
grounds of the Biobank “Genofond” and includes unique 
biological samples from healthy control individuals and 
patients with common and monogenic diseases signifi-
cant for reproduction. This collection was designed as a 
unique scientific facility created for the interdepartmental 
use of human biomaterial (USF “Human Reproductive 
Health”, registration number USU_3076082). Our USF 
collection fund consists of organizations-members of the 
Russian Network Center of Bioresource Collections “Hu-
man reproductive health”: the D. O. Ott Research Institute 
of Obstetrics, Gynecology and Reproductology (Saint 
Petersburg), the Research Center for Medical Genetics 
(Moscow), and the Surgut State University (Surgut). 

Each organization has its own role. The Ott Institute is 
responsible for the overall organization of network collec-
tion and pays great attention to women’s health issues, the 
Research Center for Medical Genetics has more experience 
in analyzing the male factor of reproductive health, and 
colleagues from Surgut State University are responsible for 
the regional arrangements for the creation of the collec-
tion. Despite the fact that the collection size of the biore-
source collection, the standardization, and the number of 
unique samples from patients with rare diseases, USF “Hu-
man reproductive health” today already has no equivalent 
in the Russian Federation (https://ott.ru/science/structure/
bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-che-
loveka), we believe that its expansion due to new partici-
pants (in accordance with the network principle) will sig-
nificantly expand the possibilities of using the collection.

The structure of the USF includes systemic collections 
of biological samples of various types (whole blood and its 
derivatives, DNA, sperm, and fixed preparations of somat-
ic cells and gametes) stored in the network center organiza-
tions. In addition, the bioresource collection is constantly 
updated with biomaterial samples (maternal and fetal 
whole blood, serum, plasma, buffy coat; placental biop-
sies; DNA and RNA samples; urine samples; seminal fluid 
(ejaculate), seminal plasma; fixed sex and somatic cells; go-
nadal biopsies) from patients with gynecological, obstetric, 
and reproductive disorders and individuals of the control 

group (https://ott.ru/science/structure/bioresursnaya-
kollekciya-reproduktivnoe-zdorov-e-cheloveka).

The collection, processing, and storage of biologi-
cal material of the USF “Human reproductive health” is 
organized in accordance with the international require-
ments of the ISBER and BBMRI-ERIC societies. The 
quality of research and the standardization of work with 
samples were improved with the design and validation of 
the SOPs for the main processes. The long-term preser-
vation of biological material and the possibility of its use 
in other studies, including the joint projects performed 
by third-party organizations, are ensured through the 
systematization and quality control undertaken at all 
stages of work with samples, and through the availability 
of the required infrastructure in the Network Center. 

The collection brings together sample collection 
and the application of scientific knowledge in practice. 
Thanks to the network principle (there are more samples 
and data and they have become more diverse), today we 
can already note the increased interest in the collection 
from practical healthcare. Samples are required to search 
for biomarkers and conduct clinical trials of diagnostic 
molecular kits and drugs.

Goals and objectives of the collection

The bioresource collection “Human Reproductive Health” is 
used for the “Multicenter Research Bioresource Collection 
“Human Reproductive Health” project accomplishment 
(15.BRC.21.0008). The goal of the project is the creation 
and development of a bioresource collection of biomate-
rial samples from patients with common and monogenic 
hereditary diseases significant for reproduction, as well as 
the development and introduction of measures aimed at 
increasing the demand and availability of the bioresource 
collection. Within the framework of the project, we have 
been taking the measures in the four most significant areas: 
1) high-performance network biobank infrastructure, i.e., 
modernization and re-equipment of the organizations’ in-
frastructure, design of a collection technological passport, 
creation of an electronic paperwork system; 2) bioresource 
collection through inventory, systemization, update of the 
existing collections with new biosamples, and profiling the 
most valuable samples with genetic methods; 3) scientific 
and applied solutions in the field of genetic technology, i.e., 
creation of a Russian web platform for working with the 
Network Center’s biosamples catalog, creation of a software 
component for integrating data with publicly available in-
ternational scientific resources, development of an algo-
rithm for genetic examination of patients with reproduc-
tive impairment, development of a forecasting model for 
reproductive function disorders based on neural networks 
of various architecture; 4) a new educational program for 
advanced training in the field of biobanking for specialists 
working in reproductive medicine.

https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
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Network principle and tasks of  
collection organization

The bioresource collection “Human Reproductive Health” 
is based on the network principle which involves sepa-
rate storage of biosamples and personal data of donors 
on the grounds of the organizations participating in the 
project. At the same time, all the participants have ac-
cess to a united database of anonymized data of biologi-
cal samples. The participating organizations use uniform 
developed SOPs and protocols in order to increase the 
standardization of work within the Network Center. Ad-
ditionally, the training of specialists in accordance with 
the educational program created within the framework 
of the project is carried out. The work of the Bioresource 
Collection Network Center is managed through a single 
governing body — the Coordination Center. However, it 
should be noted that all three participants of the project 
follow the path of separate departments creation for their 
biosamples. At the D. O. Ott Research Institute of Obstet-
rics, Gynecology and Reproductology this is the Biobank 
Genofond (https://ott.ru/science/structure/bioresursna-
ya-kollekciya-reproduktivnoe-zdorov-e-cheloveka).

The knowledge gained within the framework of 
this project will help to: a) search for new biomarkers of 
monogenic and common diseases, b)  develop new di-
agnostic approaches and tests, c)  search for targets and 

means of gene and cell therapy, d) provide assistance to 
a specific family facing reproductive impairment, e) cre-
ate new databases and bioinformatic software products, as 
well as to solve new issues in the genetics of reproduction, 
f) monitor the prevalence of nosology in certain regions, 
to analyze the demographic data and the effectiveness of 
the introduced diagnostic, therapeutic, and preventive 
measures, to calculate the morbidity rate (genetic epide-
miology), g) build a new quality control system for all the 
ongoing research in an organization, with the biobank be-
ing the central link in the circulation of biomaterial and 
quality management of all laboratory research, including 
genetic one, and not a “freezer in the laboratory”.

The “Human Reproductive Health” bioresource 
collection thus is of great importance for the study of 
the etiopathogenesis of pregnancy complications and fe-
male/male infertility and further improves the measures 
aimed at the timely identification of patient groups with 
a high risk for hereditary diseases development.

Conclusion

Genetic research in the field of reproductive medicine 
is of interest not only for the state, society, and business, 
but also for each individual citizen (Fig. 6).

The strategic state tasks of the biobank of repro-
duction are as follows: a) shaping new attitudes towards 

Fig. 6. The level of demand for Biobank of reproduction and the results of genetic research in reproduction.

https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
https://ott.ru/science/structure/bioresursnaya-kollekciya-reproduktivnoe-zdorov-e-cheloveka
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health of the next generations, b) biodiversity conserva-
tion, c) security maintenance, d) informatization of ge-
netic data, e) usage of bioresource collections as centers 
for collective use and unique scientific facilities. At the 
level of society, tasks are divided into three categories: 
science, medicine, and education. Scientific goals in-
clude the creation of new genetic databases, modeling of 
reproductive health development risk, identification of 
early biomarkers of pregnancy pathology. Medical goals 
include genomic epidemiology, regenerative medicine, 
programs of primary and secondary genetic prevention, 
development of drugs, diagnostic tests, improvement of 
the quality of laboratory research, the creation of nation-
al registries of genetic disorders, and the possibility for 
longitudinal studies. Educational goal is the training of 
new staff. The creation of new scientific developments, 
employment generation, and the production of high-
tech solutions in the field of biomedicine (diagnostic 
systems, drugs, etc.) are important for business.

Thus, the creation and development of geneti-
cally characterized collections of biological samples in 
the field of reproduction seems to be an important and 
promising tool both for obtaining new fundamental 
knowledge and for implementing certain practical tasks.
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