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REVIEW | LABORATORY DIAGNOSTICS

LABORATORY DIAGNOSTICS AS A BASIS FOR 5P MEDICINE
Shcherbo SN &, Shcherbo DS
Pirogov Russian National Research Medical University, Moscow, Russia

As public health systems are being modernized across the world, conventional medicine is undergoing a serious transformation and new medical models are
emerging based on personalized, predictive, preventive, participatory, precision, mobile, and digital approaches. So far, there is no consensus in the literature and
the medical community about the goals, objectives and applications of these models, particularly precision medicine, which is sometimes perceived as merely a
fancier term for personalized medicine. The role of laboratory diagnostics in precision medicine is also a matter of intense debate. This review analyzes the currently
available information about precision medicine and gives examples of how 5P approaches can be used in clinical practice.

Keywords: medicine 5P, clinical laboratory diagnostics, precision medicine, cancer, diabetes mellitus
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JNNABOPATOPHAA OUATHOCTUKA KAK OCHOBA MEOVUWHDI 511
C. H. LLepbo =, . C. LLlepbo
Poccuiickuin HaumoHanbHbIA MCCReoBaTenbCKNA MEAULIMHCKIA YHUBepcuTeT nmenn H. V1. Muporosa, Mockea, Poccus

B pamkax MofepH13aLmMm CUCTEMbI 3LPaBOOXPaHEHNS B HACTOSILLIEE BPEMSI MPOUCXOAST M3MEHEHME CTapbIX U CTAHOBMNEHVE HOBbIX HANPAaBEHN COBPEMEHHOW
MeaMLMHbI: NMEePCOHANIM3NPOBAHHON, NPEANKTUBHOW, NMPEBEHTVBHOM, NapTUCUMATVBHOM, MPELW3VIOHHON, MOBUNBHON 1 LMdpoBO. BMecTe ¢ Tem, B Hay4HOW
nUTepaType 1 MeULIMHCKOM COOOLLECTBE MMEIOTCS PasnyHble MHEHKS O LiensiX, 06nacTy NPUMEHEHMS N 3afia4ax yKasaHHbIX HanpaBneHuii 34paBOOXPaHEHs 1
PO B HWX N1abopaToOpPHON ANarHOCTVKM. Tpexzae BCero aTo OTHOCUTCS K MPELW3VOHHON MeAMLIMHE, KOTopasi BOCTIPUHUMAETCS TOMBKO Kak 6oee COBPeEMEHHOe
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As the new wave of innovations driven by powerful technologies
heralds a shift in the scientific paradigm expected to reach
its maturity in the 2040s, we are witnessing the fast-paced
evolution of nature and the human society. In these times
of rapid progress, it is becoming crucial to identify major
healthcare trends and to assess their potential. It is important
to understand how conventional medical approaches and the
medicine of the future will co-exist and interact. In 2015, the
authors of this article proposed a concept of 5P medicine
[1, 2] based on the analysis of the evolution of medicine and
biology in the preceding 10 years. The concept was inspired
by the precision medicine initiative that was intended to cover
a wide range of public health aspects and to integrate genomic
breakthroughs with the achievements of the communication
revolution, cellular medicine and omics technologies (such as
diagnostic panels of biomarkers measured at different levels
of biological organization). Precision medicine approaches are
mindful of the shifts in philosophical beliefs, ethical norms and
the economic situation in a society. The long-reigning medical
paternalism is now giving way to participatory medicine that
encourages active interaction between the doctor and the
patient. The concept of 5P medicine emerged in the wake
of failed expectations imposed on genome-wide association
studies (one of their challenges being the missing heritability
problem) and reflects the current state of the medical and
biological sciences. At the moment, there is some confusion
about the terms describing the components of 5PM, their
relationships and the directions 5PM may take. Will the medicine
of the future be 4P (predictive, preventive, participatory, and
personalized) or 5P, introducing precision medicine as the 5"
component? Failure to understand the fundamental principles
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and objectives of precision medicine may lead to it being
perceived as merely a fancier term for personalized medicine
[3]. Although each of the components constituting 5P medicine
certainly has a value of its own, together they complement and
reinforce each other (hence the term “predictive preventive
medicine”). The adoption of the 5PM concept allows us to
clearly delineate the goals and objectives of contemporary
medicine. This is particularly important in educating and
training medical staff. Previously, we showed that the evolution
of laboratory medicine would take the direction determined
by the goals of emerging healthcare areas. Depending on the
objective, laboratory medicine can deal with different types and
arrays (panels) of biomarkers at different levels of biological
organization [4-6].

Predictive medicine

The problems of early diagnosis, prognostication and
assessment of risks for developing a pathology constitute
one of the most promising areas of contemporary molecular
medicine that relies on laboratory diagnostics. Preventive
medicine makes predictions about the probability of a certain
disease based on a patient’s data, including the results of omics
tests. The Nobel laureate Jean Dausset (1980) who proposed
the term “predictive” commented that prevention is the main
goal of the medical science. He realized it after discovering
associations between the alleles of the HLA genetic locus
and a few multifactorial diseases (diabetes mellitus, bronchial
asthma, etc.). Predictive medicine seeks to notice change in
patients’ general health before they develop clinical symptoms.
It is a diagnostic branch of medicine that exploits laboratory
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and functional tests, various imaging modalities, bioinformatics,
etc. Disease prediction can be aided by genetic testing, which
has been instrumental in discovering genetic predisposition
to somatic and infectious diseases (TB, viral hepatitis, HIV,
etc.). Preventive testing involves identification of the hallmarks
of pathogenesis. For example, Michael Snyder carried out a
laborious expensive experiment allowing him to catch the
onset of diabetes signaled by abrupt changes in the levels of
biomarkers that had never been linked to diabetes before [7].
Using omics technologies, Snyder was able to obtain a highly
accurate integrative personal omics profile (iPOP) containing
information about his genomic sequence, blood biochemistry,
and the levels of mMRNA, proteins and other biomolecules
measured repeatedly (20 times) over the course of 14 months.
The experiment yielded a database of 3 billion records in total.
At present, exhaustive iPOP-profiling is not available for the
majority of patients. However, smaller profiles built from dozens
of the most informative parameters instead of hundreds of
thousands can still be very useful. It’s unrealistic to believe
that a healthy individual will be eager to give their blood for
tests every hour or pay frequent visits to a doctor’s office for a
checkup. Therefore, we need rapid and cost-effective methods
for studying biological specimens. For example, instead of
proteomic testing, which lasts for 30 to 200 minutes, one can
analyze protein metabolites; the latter can be measured in as
little as 30 seconds. A team of researchers has tested the ability
of whole-genome sequencing to predict the risk of 24 relatively
prevalent diseases. Based on the sequencing data, they were
able to predict predisposition to at least one disease in the
majority of patients [8]. Contemporary medicine has embraced
the importance of early diagnosis, which improves treatment
outcomes and reduces its costs. The use of highly sensitive
and highly specific diagnostic tools is vital for early diagnosis.
So are regular medical examinations and checkups.

Preventive medicine

Preventive care (from French préventif) is a branch of medicine
that aims to delay the onset of a disease, mitigate its severity
or treat its first manifestations, such as unhealthy weight gain,
decline in physical activity, etc. The National Institutes of Health
(USA) describe preventive care as one of 5 prioritized areas of
medicine that needs to be actively supported and developed in
order to provide customized care for patients aiming to improve
their quality of life and extending the life span to its natural limits.

Participatory (patient-oriented) medicine

As the name suggests, participatory medicine encourages
a patient to be involved in the medical process and actively
interact with their doctor. Participatory medicine is intimately
related to predicative and preventive medicine and draws on
philosophy, deontology and psychology. Cooperation and
sympathy have always played a crucial role in the doctor-patient
relationship. A physician and writer Abu’l Faraj who lived in the
13" century appealed to his patient: “There are 3 of us here:
you, the iliness and myself. If you join the illness, the two of you
will overpower me. If you join me instead, the illness will have no
one to turn to, and together we will defeat it”. However, it was
not until the 16" and 17" centuries that European physicians,
such as John Gregory and Thomas Percival, started to admit
that a patient has a right to voice their own opinion about the
medical process. The legal term “informed consent” dates back
to 1957. Even today, there are situations when full informed
consent cannot be obtained, as is the case with unconscious

patients. But under any circumstances, a doctor should treat
their patients with respect and not look down on them. The
patient has a right to ask questions and make their own choice.
Unfortunately, treatment guidelines and standards of care
formulated by expert organizations unintentionally become the
source of medical paternalism, although it is stressed that they
should not be followed blindly and individual characteristics of
a patient should be taken into account. In the not so distant
past, a patient had no access to their medical records made
during a short physical examination, and the doctor-patient
interaction was best described as silent [9]. In contrast,
participatory medicine recognizes that a patient knows his/her
body better than anyone else and is interested in maintaining
good health; therefore, the patient should actively participate in
generating the vast array of medical data related to their health.
These data originate from a medical history, diagnostic images,
instrumental readings, results of omics and other types of tests.
Integrated medical records will soon be available to patients
via cloud database services, a supercomputer or telemedically.
The state-of-the-art technologies allows patients to obtain
health-related information on internet forums or in expert
internet communities, from mobile applications, including
medication reminder apps, electronic diaries, and medical
devices for self-testing. Thus, the accumulated information will
be communicated between the doctor and the patient.

Personalized medicine

The term “personalized medicine” (PM) was first used in 1998
[10]. Sometimes, PM is defined as pharmacogenomics (genomic
medicine, genotype-based therapy, customized healthcare,
information-based medicine, integrated healthcare, rational
prescribing, etc. [2]). The Personalized Medicine Coalition
(Washington, USA) stresses that PM uses “new methods of
molecular analysis to better manage a patient’s disease or
predisposition toward a disease. It aims to achieve optimal
medical outcomes by helping physicians and patients choose
the disease management approaches likely to work best in the
context of a patient’s genetic and environmental profile” [11].
Hopes are high that personalized medicine will improve the
quality of healthcare services and significantly reduce their costs.
US Food and Drug Administration (FDA) sees PM as an arsenal
of therapeutic techniques that “consider a patient’s genetic,
anatomical, and physiological characteristics” providing “the
right patient with the right drug at the right dose at the right time”
[12]. PM can also be regarded as a novel healthcare model that
exploits diagnostic, prevention, and therapeutic tools that are
economically or ethically feasible for a given patient and best
cater to their needs. PM objectives include elucidating molecular
mechanisms underlying a pathology, identifying its most
important biomarkers, and designing personalized therapeutic
drugs (TD) that can effectively modify or eliminate the targets
associated with pathology [13]. PM attempts to categorize
pathogenetic mechanisms associated with the development of
a disease into types and subtypes (here, cancer research is a
good example); it looks for effective therapeutic targets and
seeks to improve patient stratification. It should be born in mind
that PM is a branch of healthcare that deals with diseases that
have already set in and manifested themselves through clinical
symptoms and signs [6]. The UNESCO International Bioethics
Committee defines personalized medicine as “the tailoring of
medical interventions to the specific characteristics of each
patient, realized through pharmacogenomics and genotype-
based treatments”. The majority of experts agree that better
patient stratification will produce better outcomes in terms of
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treatment efficacy and good tolerance. A team of researchers
has published an analysis of 683 medical articles from PubMed
containing definitions of “personalized medicine”. It turned
out that this term was present in 2,457 articles (at the time
of publication); 60.4% of the papers issued before 2009 and
devoted to the problem of treatment customization contained
a definition of this term. The authors concluded that PM seeks to
improve patient stratification and healthcare timing by using data
on the molecular pathways of a disease and its biomarkers [14].

The balance between standardization and personalization
is very important. In a man-made environment standardization
has become the cornerstone of industrialization, allowing no
space for differences that did not fit into the accepted model.
This principle was later applied to healthcare to establish
standards for drug-based therapies, surgical intervention,
etc. The post-industrial society has taken a different course
of development, defying standardization. The mass media are
getting demassified and focus on smaller niche audiences.
This process is linked to the spread of Internet. The principle
of differentiation is replacing standardization. Concentration
gives way to decentralization, maximization is taken over by
the principle of adequate scales, etc.

The first large-scale application of PM approaches occurred
in the context of blood types discovery [15]. To date, intelligent
systems for decision making have been developed to help
physicians select the right medication for their patients. These
systems warn the doctors of the adverse effects that may
occur in patients with certain genotypes, suggest conducting
a pharmacogenomic test and provide accurate clinical
interpretations of its results. Preemptive pharmacogenomic
testing is being actively promoted across the world. A few
years back, the University of Chicago launched a project that
demonstrated the feasibility of pharmacogenomic testing in the
clinical setting. The physicians received alerts about patients’
genotypes, which ultimately improved efficacy and safety of the
prescribed treatments [16].

Precision medicine

The birth of precision medicine (PrM) is associated with the
development of medical, biological and information technologies
and frustration that invaded the scientific community in 2010
when it became clear that human genome sequencing and
GWAS had not lived up to the expectations [2]. In 2012, it
was proposed to give up the term “personalized medicine”
that did not reflect the situation in the medical science. The
term “precision medicine” first appeared in the book by
C. Christensen and J. Grossman The innovator's prescription
(2009) and then was adopted in the report Toward precision
medicine prepared by the Institute of Medicine of the National
Academy of Sciences (2011). In 2015 the National Precision
Medicine Initiative was launched [17]. The initiative aimed to
collect medical data from a cohort of 1,000,000 Americans and
arrange them into a database [18]. Such studies are resource-
consuming [19] yet instrumental in elaborating effective
treatment algorithms. Precision and personalized medicines
have a lot in common. But although the term “personalized”
has long been used to refer to precision medicine, the National
Research Council (USA) advises against it. Among the short-
term objectives of PrM is its application in cancer research; it is
hoped that in the long run precision medicine will find its way
into all areas of healthcare. Biological specimens, genetic data,
information about lifestyles, the environment and general health
provided by the volunteers constituting the cohort can be used
to study a wide range of diseases [15, 20].
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Let's take a look at the potential benefits of the PrM
initiative. Note that the objectives faced by 5PM are given in
brackets. Under this initiative, novel approaches will be applied
to protect the privacy of study participants and ensure the
confidentiality of their data (this pertains to the legal aspect
of participatory medicine); novel tools will be designed to
build, analyze and use the vast arrays of medical data;
quality of clinical trials will improve, as well as control over
drug manufacturing. New opportunities will appear facilitating
cooperation between researchers with different expertise,
patient communities, universities, pharmaceutical companies,
etc. Millions of people will be able to make their personal
contribution to scientific research (participatory medicine).
Among the long-term goals of the project are extensive use
of genetic and other information about biological molecules in
clinical routine; accurate prediction of treatment outcomes in
individual patients (predictive medicine); deeper understanding
of the mechanisms underlying pathology (a challenge faced
by medical and biological sciences); improving approaches
to prevention, diagnostics and treatment of a wide range of
diseases; deep integration of electronic medical records into
clinical routine to simplify access to patients’ records for
medical personnel.

PM and PrM share a number of tasks: they both aim to
promote the use of omics technologies and targeted TD
and are supposed to account for the role of external factors
in treatment. Precision medicine also faces new challenges,
including promotion of electronic medical records, artificial
intelligence and digital databases in healthcare facilities, as
well as the use of mobile applications (24/7 health monitoring,
telemedicine). The evolution of PrM will contribute to a more
accurate classification of pathological conditions, help to
effectively distinguish between patients’ subpopulations and
improve clinical outcomes. Personomics is a word that is often
used when it comes to discussing the objectives of PM and
PrM [21]. Genomics, proteomics, metabolomics, epigenomics,
pharmacogenomics, and other omics are tools exploited
by both PrM and PM [2]. Personomics can be recruited by
precision medicine to describe the 5P approaches. According
to the principles of personomics, differences between people
are not limited to biological variability, but also comprise
personal traits, attitude to healthcare, activity in social media,
wealth, and other unique characteristics that have a strong
impact on how and when patients will react to treatment [21].
5P medicine is a milestone in the evolution of PM and PrM,
and personomics is its missing link. In fact, transition from PM
to PrM is the evolution from healthcare to health caring: “What
do | need to know about you as a person to give you the best
care possible?” [22].

5P medicine seeks to create diagnostic and therapeutic
models in which the central focus is on the variability of
symptoms determined by the individual characteristics of a
patient [23]. Theranostics (therapy + diagnostics) could be
a handy tool for 5P medicine. It is a diagnostic therapy that
allows tailoring a treatment strategy to an individual patient
in cases when standard therapeutic options cannot be used
[24]. Obviously, precision medicine dictates the need for
leaders with fundamental knowledge of genomic medicine and
molecular diagnostic methods (NGS, interpretation of whole-
genome sequencing data) who will introduce PrM approaches
into conventional healthcare [24]. It is expected that electronic
records and genomic studies will contribute to the spread of 5P
medicine. In 2007, the eMERGE network was launched. It is
essentially a consortium for genomic research and discoveries
that advocates the use of biorepositories connected to the
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systems of electronic medical records [25]. Development of
5PM is dependent on the efficient IT infrastructure capable of
storing, maintaining and transmitting vast arrays of genomic
data to facilitate their use in the treatment of individual patients
and scientific research [26].

Application of PrM and 5PM in diagnostics and therapy

At present, PrM is enjoying a somewhat limited application in
public healthcare. PrM approaches are popular in oncology
where they are employed to treat metastatic melanoma,
breast, brain and lung malignancies, and leukemia. The most
ambitious PrM project was started in Germany in 2013 (the
German National Cohort or GNC). It is a nation-wide long-term
study planned to last 25-30 years. Another study revealed that
tumor molecular panels and personal genomic profiling had
limited benefits for patients with cancer in terms of prognosis
or quality of life. In a randomized controlled SHIVA study [27]
samples of solid tumors were collected and subjected to
molecular profiling using a special algorithm; based on the
obtained profiles, targeted medication therapy was selected,
and then its efficacy was assessed. SHIVA demonstrated that
the median progression-free survival was almost similarly low
in both groups (2.3 and 2.0 months, respectively). This does
not mean, though, that PrM practices should be discontinued,
especially in oncology. The negative results could be explained
by the heterogeneity of tumors and the ongoing evolution
of their cells [28]. Tumor cells circulating in the peripheral
blood hold promise for early cancer detection and liquid
biopsy (monitoring of relapse in patients with colon and lung
cancers); they can be used to analyze a tumor’s resistance to
drugs and assist selection of adequate therapy. Tumor cells,
exosomes and circulating free DNA are convenient diagnostic
and prognostic markers that can be measured using minimally
invasive techniques [2, 29].

Prevention, screening and diagnosis of prostate cancer
still poses a medical dilemma [30]. Prostate cancer is the
most prevalent malignancy in men. It is a heterogenous
group of pathologies with unique genetic and proteomic
profiles. Molecular genotyping has helped to identify at least 7
molecular subtypes of prostate cancer that differ in their ability
to metastasize [31]. According to some estimates, heritability
of prostate cancer reaches 42% (95% CI). Genome-wide
association studies have reported over 70 different SNPs that
can predict the risk of this disease [32]. Genetic data, such
as information about the BRCA genotype, can considerably
facilitate selection of an adequate screening strategy and stop
overtreatment of men at low risk for prostate cancer. Genotyping
also serves to identify patients with a potentially good response
to 5-alpha-reductase inhibitors, nonsteroidal anti-inflammatory
drugs, selective estrogen receptor modulators, and statins [33].
PrM approaches could be beneficial for patients with benign
prostatic hyperplasia [34], another heterogenous group of
diseases with unique molecular profiles, varying in their growth
rate and severity [35]. So far, GWAS have detected associations
between certain SNPs and the risk for/severity of benign
prostate hyperplasia. Knowledge of these associations opens
new possibilities for stratifying patients based on the results of
pharmacogenomic testing in groups at risk or those receiving
treatment [36]. Better understanding of the mechanisms
regulating the contractility of prostatic smooth muscles through
a,-adrenergic receptors and androgen signaling expands the
list of the available treatment options (in about 30% of men
inhibition of 5AR2 methylation is associated with resistance to
finasteride).

Precision diabetes mellitus (DM) is a disease manifested
as a broken balance between the body’s need for insulin and
the actual amount of insulin produced or the resistance to
this hormone in the backdrop of normal secretion. Diabetes
is triggered by many factors, including obesity. There is
little doubt that in the future DM will be managed using the
principles of precision medicine. The current classification
of diabetes into types 1 and 2 relies on the detection of
antibodies against pancreatic B-cell antigens; more than
80% of diagnosed cases are type 2 diabetes. The latter can
be broken down into a number of subtypes. For example,
by 2018, a few new subtypes had been described, including
latent autoimmune diabetes of adults (LADA) affecting patients
over 18 years of age, maturity onset diabetes of the young
(MODY) striking teenagers under 18, and some others. In
2017, Swedish researchers showed that type 3c (diabetes of
the exocrine pancreas) is often mistaken for type 2 DM. Studies
of glutamic acid decarboxylase antibodies (GADA) and genetic
polymorphisms demonstrate that DM is very diverse, and early
diagnosis and therapy are crucial for minimizing its sequelae,
preventing chronic complications and reducing mortality
associated with this disease. Omics technologies have been
very instrumental in discovering promising diabetes biomarkers,
such as microRNA. This molecule is involved in insulin secretion,
the growth and differentiation of pancreatic B-cells, and the
regulation of glucose and lipid metabolism. It is also implicated
in obesity and secondary complications of diabetes. The list of
microRNA types that affect production and secretion of insulin
by pancreatic B-cells includes microRNA-375, -9, -96, and
-124a. MicroRNA-375 of pancreatic B-cells regulates insulin
secretion in response to stimulation with glucose. Specifically,
its overexpression inhibits insulin secretion [2, 37].

Researchers from Lund University (Sweden) have proposed
a new classification of DM in adults: instead of types 1 and 2,
5 subtypes should be distinguished. They are characterized by
unigue progression patterns and different risks of complications.
The classification was proposed upon analyzing the data
collected from 14,000 individuals. The data came from 5 different
sources: the ANDIS project, which recruited more than 8, 000
participants over the course of 8 years (2008-2016), the Scania
Diabetes Registry, ANDIU, Baaca (DIREVA), and the Cancer
Cardiovascular Arm of Malmo Diet. The researchers analyzed
the results yielded by laboratory tests, patients’ age at the time
of diagnosis and the first manifestations, BMI, levels of GADA,
glycated haemoglobin HbA1c and C-peptide, HOMA-IR, and
insulin resistance. The proposed classification has a potential
to become a powerful tool for tailoring treatment strategies to
individual patients and for the identification of people at risk
for complications. Under this classification, patients are divided
into 5 clusters [38]: severe autoimmune diabetes (6-15%) with
early onset, corresponding to classic type 1 DM and LADA;
severe diabetes with insulin deficiency (9-20%) characterized
by elevated HbA1c levels, rapid progression of retinopathy
and negative GADA; severe diabetes with insulin resistance
(11-17%) diagnosed in overweight patients with BMI > 25
(in this cluster nephropathy and retinopathy were the most
prevalent); moderate diabetes associated with obesity (18—
27%) occurring in young patients with BMI > 30-34; moderate
diabetes of adults (33-47%) with moderate metabolic changes.
This type occurs much later in life in comparison with other
diabetes types and its course is milder. Patients with severe
forms of the disease need aggressive therapy. Patients from
cluster 2 are diagnosed with type 2 DM, because the disease is
not autoimmune; this type is presumably caused by defective
pancreatic islets and not obesity. In this case therapy must be
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based on the regimens typically prescribed to patients with
type 1 DM; Such patients suffer from ocular pathology more
often, while patients from group 3 tend to develop a kidney
disease. This must not be overlooked when deciding on the
adequate screening procedure. Perhaps, there are hundreds
of diabetes subtypes in the world shaped by various genetic,
ethnic or environmental factors. People of South Asian origin
are at a higher risk for DM. Diabetes is diagnosed in one of 6
Native Americans and Alaskan Inuit.

Although DM is not a monogenic hereditary disease, its
risk increases in children born into the families where one or
more relatives already have diabetes and carry predisposition
genes (HLA-DR3 and HLA-DR4 haplotypes) [39]. Type 2 DM is
characterized by carbohydrate metabolism disorders caused
by insulin resistance or insulin deficiency. The risk of this disease
is as high as 40% if one of the parents has it, and reaches
70% if both parents are affected [40]. Type 2 DM displays a
considerable variability in its progression patterns, response to
treatment and the risk of complications. Type 2 is believed to be
a polygenic condition with up to 20 genes involved, including
those coding for the structure of insulin molecules, insulin
receptors, glucokinase, glycogen synthase, and mitochondrial
components. There are genes accountable for insulin
resistance (PPARG, THADA, ADAMTS9, and others), B-cell
dysfunction (KCNJ71, HNF1B, HNF4A, JAZF, etc.), obesity
(FTO), and defective incretin hormone secretion (TCF7L2).
Because insulin resistance is heterogeneous, traditional drugs,
such as metmorfin or thiazolidinedione are often ineffective
in patients with type 2 DM. At present, the arsenal of anti-
diabetes therapies includes 8 classes of glucose-lowering
drugs that target different components pathogenic pathways
implicated in type 2 DM. Another 5 novel drug classes
are now undergoing preclinical studies. At the moment, we
cannot accurately distinguish between diabetes subtypes
based on their molecular etiology and have to rely on patients’
response to treatment. The initial differentiation should be
carried out using the available clinical data (sex, BMI, age
at diagnosis) or biomarkers that are easy to measure. So far,
this approach has been successfully used to identify female
patients with positive response to thiazolidinedione (obesity) or
sulphonylurea [41].

[t took the medical community some time to recognize the
MODY subtype. Genetic testing for DM will soon be available
in most countries. In 2016, 5, 000 studies were conducted in
the UK and clear diagnostic guidelines were proposed [42].
No sophisticated probability computations are required to
assess the risk for MODY; the diagnosis can be established
using a statistical calculator and the available clinical data. The
MODY probability calculator is free and can be accessed at
www.diabetesgenes.org and in the “Diabetes” application for
IOS and Android [43]. It works best for patients who do not
receive insulin. This popular calculator (> 6,000 downloads)
has become an important step toward precision diabetology.
It is a good example of how a complex diagnostic task can be
solved using a simple tool that analyzes the available clinical
data. Next generation sequencing has made genetic testing
easier. But there has to be pre-screening to select patients with
possible monogenic diabetes for the test. Modern technologies
allow rapid and effective analysis of classic genes implicated
in diabetes using a genetic panel [44] and are capable of
identifying 25% of patients with monogenic diabetes caused
by less popular genes.

Neurological diseases are a rewarding object for PrM
application due to the rapid accumulation of genetic knowledge,
extensive phenotypical classification, discovery of biomarkers,
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and development of potentially promising treatments [45].
A good example here is Parkinson’s disease [46]. Precision
psychiatry (the term was coined by Vieta et al. [47]) is one of
the most advanced PrM branches [48]. The pathophysiology
of neurological disorders remains understudied: the symptoms
of different conditions often overlap or vary significantly
between patients affected by the same disease [49]. A new
approach to the classification of psychiatric disorders has
been proposed that relies on neurobiological research [50].
Today, we are bestowed with an unprecedented opportunity
to build vast databases from large-scale biological data that
can be submitted using electronic devices (smartphones).
This facilitates the analysis and allows identifying specific
characteristics of an individual patient [51]. Considering that
none of known biomarkers is likely to signal a psychiatric
disorder on its own [52], theoretical and practical approaches
to data acquisition are needed to delineate complex profiles
of biomarker combinations accounting for the heterogeneity
of manifestations of psychiatric diseases. It is important
to recruit panomics and employ computational modeling
of biological systems that could shed light on the major
biological pathways involved in the development of psychiatric
pathologies. Neurobiological data can be incorporated into
the corresponding behavioral profiles that can be acquired
using mobile technologies [53]. We believe that in the years to
come, the new precision paradigm will lead to the discovery of
biomarkers that can simplify decision making about a treatment
strategy and predict response to the most widely used
medications, such as antidepressants and antipsychotic drugs.
This is already happening: C-reactive protein is exploited as
a differential predictor of a patient’s response to escitalopram
and nortriptyline [54].

Immunotherapy is an optimal model for PrM as it describes
the symptoms, functions, and molecular etiology of the
disease; it can also be tailored to the needs of an individual
patient [55]. Allergen immunotherapy remains one of the best
candidates for the application of PM approaches. Today we
understand what major immunologic and molecular events
underlie the symptoms of allergies [56]. There are sensitive
diagnostic tests for the detection of IgE-mediated reactions;
molecules are known participating in allergic reactions; purified
and standardized products are manufactured to ensure safe
and effective treatment of allergies. 5PM remains a defining
aspect in the treatment of “difficult and expensive” diseases,
such as COPD [57] and asthma [58].

We need computational models to predict the risk
of pathology for healthy people, prognosticate disease
progression and design effective treatments with minimal
adverse effects [59]. The “virtual patient” is one of such
models based on the integration of molecular, physiological
and anatomic data of humans collected under the ITFoM
initiative. ITFoM is one of 6 technologies of the future
funded by the European Commission. It has attracted over
150 academic and industrial partners from 34 countries.
The initiative will promote the development of functional
genomics and computer technologies to create a model of
a virtual patient suitable for the use in the clinical setting.
Genome profiles will be integrated with proteome and
metabolome data generated by powerful chromatography,
mass spectrometry and nuclear magnetic resonance
technologies. The model will be used to analyze the current
situation and predict a patient’s response to therapy,
including intolerance to therapeutic drugs. Successful
clinical application of laboratory tests requires identification of
healthy populations whose characteristics could be used as
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a reference. Organized into biorepositories, such data will
play a key role in determining reference ranges needed to
improve treatment outcomes.

CONCLUSIONS

5P medicine is an evolving area of public healthcare. Many of
the technologies required to accomplish its ambitious goals are
still in the early stages of development or yet to be designed.
Researchers have to find a way to standardize collection of
clinical data, create databases for the convenient storage of
vast data arrays and promote biorepositories. 5PM raises
important ethical, social and legal questions. Patients’
privacy and confidentiality of their medical records must
be protected. Patients should be informed of the risks and
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ASSESSMENT OF DIASTOLIC FUNCTION IN PATIENTS WITH CHEST PAIN AND ANGIOGRAPHICALLY
NORMAL CORONARY ARTERIES USING ECG-GATED SPECT

Khachirova EA' = Samoylenko LE?, Shevchenko OP!

" Pirogov Russian National Research Medical University, Moscow, Russia

2 Russian Medical Academy of Postgraduate Education, Moscow, Russia

The diagnosis and treatment of patients with angiographically normal or near normal coronary arteries remains a clinically relevant problem. The aim of this study
was to assess diastolic function in patients with chest pain and normal/near normal coronary arteries (NECA) using ECG-gated SPECT/CT. The study recruited
49 patients presenting with chest pain, a positive cardiac stress test and normal coronary arteries, as demonstrated by coronary angiography. All patients were
ordered a myocardial SPECT/CT scan, which was performed according to a two-day protocol. After the scan, the patients were divided into 3 groups. Group
1 consisted of 17 patients with microvascular angina. Group 2 was composed of 22 patients with borderline-high blood pressure or stage | hypertensive heart
disease associated with secondary microvascular dysfunction. Ten seemingly healthy individuals constituted the control group. According to coronary angiography,
the controls had no cardiovascular pathologies accompanied by coronary artery disorders or impaired myocardial perfusion (SPECT). The majority of patients from
groups 1 and 2 were found to have impaired diastolic function. The impairments were more pronounced in group 2 tended to exacerbate with stress. The most
sensitive parameter of diastolic function, MFR/3, was outside the reference range in almost all patients in groups 1 and 2. MFR/3 characterizes the mean filling rate
of the left ventricle in the first third of diastole. The control group showed no symptoms of diastolic dysfunction. Thus, the patients with chest pain, a positive stress
test and NECA had signs of left ventricular diastolic dysfunction exacerbated with stress. Such patients are at risk for heart failure with preserved ejection fraction.

Keywords: single-photon emission computed tomography, microvascular angina, diastolic function, angiographically normal or near normal epicardial coronary
arteries, myocardial perfusion
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OLEHKA OUACTOJINYECKOWN ®YHKLIMM MUOKAPIA Y NALMEHTOB C EONNEBbIM CUHOPOMOM
B rPYAHOWN KNETKE N AHTMOTPA®UYECKN HEM3MEHHbIMU KOPOHAPHBLIMU APTEPUAMW METOQOM
CUHXPOHU3NPOBAHHOW C 9K 0OAHO®OTOHHON 3MUCCUOHHOWN KOMMbIOTEPHOW TOMOIPA®UN

3. A. Xauvposa'=, J1. E. CamorneHko?, O. M. LLleB4eHko'

" Poccuinckumin HaLMoHanbHbIN CCneaoBaTensckuii yHepenteT umenn H. . TMuporosa, Mocksa, Poccust
2 Poccuickas MeauupmHeKas akaemuist TocTaAUnIoMHoro obpasoBaHus, Mockea, Poccus

Ha NpoTshKeH MHOTVX NET OCTAETCA aKTyaslbHOM TeMa ANArHOCTVIKN U TaKTUKM BEAEHUS NaLMEHTOB C aHMMOrpadmHeCcKin HEN3MEHEHHBIMN VN MaNOU3MEHEHHBIMM
KOpoHapHbIMK apTepusamn (KA). Lienbto nccnenoBanns Ob110 OLEHUT AMACTONMHECKYD (DYHKLMIO Y MauUmMeHTOB ¢ O0MEBbIM CUHOPOMOM B MPYAHOW KNeTke
1 HenaMeHeHHbIMU/ManonameHeHHbIM KA (H/MKA) no gaHHbIM CUHXPOHM3MpoBaHHON ¢ OKIT 0gHOMOTOHHON 3MUCCUOHHON KOMMBIOTEPHOW TOMOrpadun
(C-O3KT/KT). B nccneposatve BoLLm 49 naumeHToB ¢ 601eBbIM CUHAPOMOM B 061aCTV MPYAHOM KNETKM, NONOXUTENBHBIMU PEe3ySisTaTaMi Harpy304HOro TecTa
1 H/MKA no faHHbIM kopoHapoaHrorpadmmn (KAT). Beem naupeHtam seinonHunm C-O9KT/KT myokapza no AByxAHEBHOMY NMpoTokony. [Nocne neenenosaHns
naumeHTbl Oblav pasdaeneHsl Ha TPy rpyMnbl: 17 NauUeHTOB ¢ MUKPOCOCYANCTOM CTEHOKapAMen cocTaBmnm rpynny 1; 22 naumeHTa ¢ norpaHnyHoN apTepuanbHOi
runepTeHauen (A, nmm runepToHmn4eckon 6onesHeto (MB) | cTagmm, accoumMmMpyOLLENCS ¢ BTOPUHHOM MMKPOCOCYAMCTON ANCAYHKUMENn — rpynny 2. Tpynny
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The use of echocardiography (EchoCG) in clinical diagnostics
shed light on the actual prevalence of heart failure (HF) with
preserved left ventricular (LV) systolic function (gjection fraction
(EF) > 45%), which turned out to be a very widespread condition.
According to the Framingham Heart Study (1948-2012), the
Rochester Epidemiology Project (1960-1984) and some other
research studies, patients with preserved LVEF make up over
one-third of all individuals with HF, and their number is growing
steadily [1, 2]. Diastolic dysfunction (DD) is believed to be one
of the possible causes of HF in such patients [3-5]. Isolated
DD is more often diagnosed in patients with angiographically
normal or near normal epicardial coronary arteries (NECA) [6].

In spite of the obvious advances in the understanding
of DD in patients with NECA, there are questions about the
etiology and pathogenesis of diastolic impairment that still
need to be answered [7, 8]. The underlying causes of DD
and DD-associated HF named in the literature include LV
hypertrophy, metabolic shifts, myocardial fibrosis, and coronary
microvascular dysfunction (CMD) that many authors also regard
as a risk factor for adverse cardiovascular events [9, 10].

Clinical data corroborating the role of CMD in triggering
DD in patients with normal epicardial coronary arteries come
from limited sources. For example, there was an extensive
retrospective study in which the medical histories of 376
patients with LVEF > 50% and without signs of obstructive
coronary artery disease were analyzed [11]. Cardiac PET
imaging revealed that all patients with HF, preserved LFEF
and signs of DD had reduced coronary flow reserve, which,
according to the authors of the study, may have indicated an
association between a microvascular pathology, DD and HF.
Myocardial hypertrophy (MH) is another possible reason of
DD in patients with NECA. A transesophageal Doppler study
assessing diastolic function in 30 patients with left ventricular
hypertrophy (LVH) found that 16 participants had symptoms
of ischemia and angiographically normal CA whereas in 14
patients LVH was asymptomatic. Signs of DD were present in
both groups, but tended to be more pronounced in group 1 [12].

Ectopic fat deposition referred to as myocardial steatosis
may also increase the risk of DD. A team of researchers measured
myocardial triglyceride content and assessed diastolic function in
13 women with intact CA using proton magnetic resonance
spectroscopy and magnetic resonance tissue tagging [6]. Five
women were shown to have signs of CMD and subclinical DD
correlated with high triglyceride content in the myocardium.
The authors concluded that myocardial steatosis has a distinct
association with diastolic dysfunction in the studied cohort of
patients.

At the same time, there are reports that such patients do
not develop DD. For example, ECG revealed no significant
impairment of diastolic function in 99 patients with syndrome X
confirmed by a stress test [13].

Given that the literature reports are controversial, research
into DD should be continued in order to work out criteria for
this condition and to prevent diastolic heart failure in patients
with angiographically normal or near normal epicardial coronary
arteries. Today, echocardiography remains the most available
and popular method for the assessment of systolic and diastolic
myocardial function. However, its reproducibility is quite low
and depends largely on the operator who performs the scan.
In contrast, cardiac radionuclide imaging is characterized by
higher reproducibility and high accuracy, and its results only
slightly depend on the operator’s skills.

Considering the abovesaid, the aim of this study was to
measure the left ventricular function in patients with chest
pain and normal or near normal epicardial coronary arteries

using cardiac single-photon emission computed tomography
(C-SPECT).

METHODS

The study recruited 49 participants (24 men and 25 women)
aged 43 to 77 years (the mean age was 62.6 = 8.9 years)
with chest pain (CP) and a positive stress test. All patients
were examined and received treatment at the facilities of the
Department of Cardiology, Pirogov Russian Medical Research
Medical University.

The following exclusion criteria were applied: hypertension
(systolic blood pressure = 180 mmHg and diastolic blood
pressure =110 mmHg), cardiac lesions, LVH, hypertrophic and
dilated cardiomyopathies, acute myocardial infarction within
6 months preceding our study, LVEF < 45%, persistent flutter
and atrial fibrillation, arrythmias, impaired conductivity, valvular/
endocrine/neurological/ disorders, kidney or liver failure, and
other diseases leading to impaired myocardial perfusion or
affecting systolic and diastolic functions of the myocardium.

A detailed medical history was taken from all participants;
a full blood count and a blood biochemistry test were also
performed. The patients underwent a physical examination,
a standard 12-lead ECG, Holter monitoring, a cardiac stress
test on a stationary bicycle (CST), coronary angiography, and
a C-SPECT/CT scan at rest and with stress. Angiography
identified 37 patients with intact coronary arteries and
12 patients with stenosis (<40%) in one artery and normal
systolic function (as assessed by EchoCG). Twenty-two
participants had borderline-high blood pressure or stage |
hypertensive heart disease with a LV mass index of 132 + 21; the
blood pressure was lowered to an average of 125/80 mmHg by
the prescribed medication therapy. Seventeen patients had no
comorbidities (the LV mass index was 128 + 27). Twenty-one
patient had hypercholesterinemia: total cholesterol levels were
5.4 + 1.68 mmol/l, concentrations of low-density lipoproteins
were 3.3 + 1.0 mmol/l. Ten participants who did not have any
cardiovascular disorders constituted the control group. Clinical
characteristics of the patients are given in Table 1.

All patients underwent a myocardial SPECT/CT scan at
the Department of Radionuclide Diagnostics. The scans were
ordered to assess the systolic and diastolic functions of the
heart. Antianginal therapy was temporarily discontinued before
the scan for the period of > 5 elimination half-lives of the
used drug.

A 2-day C-SPECT/CT protocol was applied. On the first
day, the scan was performed at rest; on the second day,
stress images were obtained following the exercise ECG test.
During the test on the Ergoline bicycle ergometer, the blood
pressure was monitored. The test was conducted according
to the standard protocol. The initial workload was 25 W; it was
increased by 25 W every 3 minutes. Once the maximal workload
was achieved, the patients received an intravenous injection
of a radiopharmaceutical and then continued exercising for
another minute.

The radiopharmaceutical selected for our study was
Technetium (**™Tc) sestamibi (Russia). It was administered
intravenously via a 444-555 MBq bolus injection. Images
were recorded using a gamma camera. Stress images were
obtained 45-60 min after the injection administered during the
exercise test, whereas rest images were obtained 60-90 min
after the injection at rest.

ECG-gated SPECT/CT imaging was assisted by the dual-
detector gamma camera Symbia T-16 (Siemens; Germany)
connected to a low-dose scanner for computed tomography
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equipped with a SMARTZOOM collimator for cardiac studies.
Image acquisition was triggered by the R wave. During the
scan, the patients were lying in the supine position. The
detectors were positioned at 90° to each other and were
rotating 180° around the patient’s body. In total, 32 projections
(16 per detector) were obtained for each patient.

Myocardial perfusion and diastolic function were analyzed
in QPS\QGS, AutoSPECT (Quark Inc., version 8.5) using a
17-segment model of the left ventricle. The following systolic
and diastolic parameters were assessed.

1. Systole:

— EF > 50% at rest and with stress;

— PER (the peak ejection rate of the LV, expressed as end-
systolic volume per second, the normal range is from 2 to 3) at
rest and with stress.

2. Diastole:

— PFR (the peak filling rate of the LV, expressed as end-
diastolic volume per second, the normal range is from 2 to 3);
characterizes myocardial diastolic function;

— MFR\3 (the mean filling rate of the LV during the first-third
of diastole, expressed as end-diastolic volume per second, the
reference range is from 1.5 to 2);

— PFR2 (secondary peak filling rate, not observed in healthy
patients); in patients with two or more filing peaks, the peak
filling rate during the second peak was calculated;

— TTPF (time from end systole to peak filing, the normal
range is 100-150 ms).

If at least parameter of diastolic function fell outside the
reference range, DD was presumed [10].

The obtained data were processed in Statistica 6.0
(StatSoft; version 6.0) and are presented in this work as M + SD
(mean =+ standard deviation). Qualitative parameters were
compared using the Pearson’s chi square test. If the number of
observations in one of the compared groups was less than 11,
the Yates correction was applied. If the number of observations
was below 5, the two-sided Fisher’s test was used.

Table 1. Clinical characteristics of the study participants

ORIGINAL RESEARCH | CARDIOLOGY

Quantitative data were compared using nonparametric
tests, including the Mann Whitney U for 2 independent variables
and the Kruskal-Wallis for 3 or more independent variables.

RESULTS

The study participants were examined and divided into 3 groups.
Group 1 consisted of 17 patients with microvascular angina
(MA) who complained of chest pain but had no comorbidities
that could lead to impaired myocardial perfusion; their coronary
arteries appeared intact during the coronary angiography, and
C-SPECT/CT verified transient myocardial ischemia. Group 2
was composed of 22 patients with borderline-high blood
pressure or stage | hypertensive heart disease confirmed by
the results of 24-h blood pressure monitoring. The patients
in group 2 had no LVH (LV mass index was 132 + 21) and
no cardiac lesions; their blood pressure was lowered to the
desired values, and C-SPECT/CT verified transient myocardial
ischemia associated with secondary CMD. The control group
included 10 seemingly healthy individuals with no cardiovascular
conditions, intact coronary arteries and normal myocardial
perfusion. In each group, the patients were comparable in terms
of age, BMI, heart rate (HR) and blood pressure measured at
rest. No significant differences were observed between the
groups regarding heart rate, blood pressure, ESD, and EDD
(measured by echocardiography) determined at rest (Table 1).
In the controls, the systolic and diastolic parameters of the left
ventricle fell within the normal reference range both at rest and
after exercise.

No significant differences were found in the parameters
characterizing the systolic function of the LV between the
patients with NECA. EF and peak ejection rate at rest and after
the stress test did not differ significantly between groups 1 and
2. At rest, EF was 58.5 + 6.6 and 59.5 + 6.8 (p > 0.05) in
groups 1 and 2, respectively, whereas after the stress test, it
reached 65.6 + 7.8 and 66.4 + 8.8 (p > 0.05), respectively. In

Parameter Group 1 (MVA), n=17 Group 2 (CMD), n=22 Group 3 controls, n= 10
Age 62.7 + 7.8 (50-77) 60.6 + 8.1 (44-75) 63.2 (43-74)
Sex, male/female 6/11 12/10 6/4
BMI (kg/m2) 25.8+3.6 26.7 +3.2 25.7 + 3.47
Duration of disease, years 3.4+2 3.8+1.9 32+17
Systolic blood pressure (mmHg) 122 £ 9.2 130+ 6.8 126 + 6.4
Diastolic blood pressure (mmHg) 73+5.8 74 +4.0 72 +£6.0
LV mass index 128 + 27 132 + 21 127 +18
Resting heart rate 67 +8 72+6 66 + 8
Pain type:
Nonanginal (localized, lasting for several hours or more.
not relieved by nitroglycerin) 5 7 10
Anginal 12 15 0
Holter monitoring results:
NORM 6 11 10
ST depression = 2.0 mm 4 5 0
ST depression < 2.0 mm 7 6 0
EchoCG of LV:
EF (biplane Simpson’s method), % 64.5+9.5 60.7 + 4.0 67.4 +10.2
ESD, cm 3.5+03 3.6 +0.3 27705
EDD, cm 48+0.3 49+04 465+0.2
PWT, cm 1.0+ 0.06 1.04 + 0.08 0.98 +0.15

Note: MVA stands for microvascular angina; ESD is end-systolic dimension; EDD is end-diastolic dimension; PWT is posterior wall thickness; HR is heart rate.
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group 1, PER at rest was 2.5 + 0.2, increasing up to 2.7 + 0.3
after the stress test. In group 2, PER was 2.4 + 0.3 and
2.7 + 0.4 (p > 0.05) at rest and after the stress test, respectively.

Left ventricular systolic function was normal in both groups.

Diastolic abnormalities were detected in the majority of
the patients with NECA both at rest and with stress. At least
one measured parameter fell outside the normal range in all
patients from group 1 and 17 patients from group 2, indicating
DD. MFR/3 was aberrant almost in all participants. However,
deviations from the norm were more often observed for
more than one measured parameter. At rest, 5 patients from
group 1 had abnormal MFR/3 only; 6 patients had abnormal
MFR/3+another parameter; in another 5 patients 3 parameters
fell outside the reference range; and in 1 patient 4 measured
parameters deviated from the norm. After the stress test,
deviations from the normal range affecting only 1 parameter
were observed in 3 patients; 2 parameters, in 4 patients; 3
parameters, in 7 patients; and 4 parameters, in 2 patients. To
sum up, after the stress test the majority of the patients had
abnormal values of 3 to 4 parameters characterizing myocardial
function, as compared to the same parameters measured at rest.

In group 2, one parameter measured at rest fell outside
the normal range in 2 patients; 2 parameters, in 7 patients;
3, in 5 patients; and 4, in 3 patients. In another 5 patients all
studied parameters were perfectly normal. However, after the
stress test, only one patient still had only one abnormality in the
measured parameters; 2 abnormal parameters were detected
in 7 patients; 3, in 6 patients; and 4, in 4 patients.

Mean values characterizing myocardial function in patients
with normal or near normal epicardial coronary arteries and
healthy controls are presented in Table 2.

There were significant differences between groups 1
and 2 in the values of PFRrest, MFR/3stress, TTPFrest, and
PFR2stress. At rest, secondary filling peaks were detected in 3
(17%) patients from group 1 and 5 patients (23%) from group
2; after the stress test, secondary filling peaks were present in
4 (23%) and 7 (32%) patients from groups 1 and 2, respectively.
No significant difference in MFR/3 at rest and with stress was
observed between groups 1 and 2. Perhaps, this is because in
both groups this parameter was initially abnormal both at rest
and with stress.

When comparing groups 1 and 2 with the controls, we
discovered significant differences in all parameters except for
PFRrest in group 1. Importantly, EchoCG identified DD signs
in 11 (65%) patients from group 1 and 14 (82%) patients from
group 2. Echocardiographic criteria for DD include a decline

in peak early-diastolic velocity €' (€ < 9 cm/s on average), an
increased ratio of early to late diastolic annular velocities (> 15),
and a combination of a few other parameters [12]. All cases of
diastolic dysfunction suggested by EchoCG were confirmed by
C-SPECT.

Below we describe a clinical case of a female patient aged
69 who presented with chest pain and shortness of breath
lasting for up to 25 min that appeared following emotional
stress and could not be relieved by nitroglycerin. The coronary
arteries were intact. The established diagnose was class |l
effort angina. The patient had had this condition for about 2
years, with almost daily episodes of pain. The patient had no
history of familial cardiovascular diseases or addictions.

The patient was in a satisfactory condition at admission.
BMI was 20. Blood count and biochemistry, as well as thyroid
hormone levels, were within the reference range. ECG revealed
normal sinus rhythm and HR of 68 beats/min. EchoCG findings:
EDD = 4.6 cm, ESD = 3.2 cm, PWT = 1.0 cm. EF was > 60%,
local contractility was without abnormalities. The stress test
revealed episodes of ST depression of up to 1.5 mm. Coronary
angiography showed that the coronary arteries were intact.

According to C-SPECT scans (Fig. 1, 2) performed at rest
(1) and with stress (2), left ventricular systolic function was
intact: EF was 67% at rest and 76% after the exercise test. No
LV wall motion abnormalities were observed; LV PER was 2.7
at rest and 2.94 after the stress test.

LV PFR was within the reference range: 2.71 at rest and
3.04 after the stress test; MFR/3 was 0.77 at rest and 0.91
after the stress test. LV TTPF was impaired (286 at rest and
287 after the stress test). Additional LV filling peaks were not
detected.

The patient exhibited signs of diastolic dysfunction
suggested by abnormal MFR/3 and TTPF. Perfusion myocardial
SPECT registered signs of transient myocardial ischemia in the
upper and medial regions of the anterior wall.

DISCUSSION

[t was established that the majority of patients with NECA
participating in our study had diastolic dysfunction. What
factors can contribute to the impairment of the diastolic cycle
in such patients? One of the causes named in the literature
is myocardial fibrosis accompanied by changes in cardiac
contractility [3, 6]. All patients recruited in our study did not
have problems with their left ventricular systolic function; EF
and PER measured at rest and after the cardiac test were within

Table 2. Quantitative parameters of diastolic function in the studied groups of patients

Parameters of diastolic function Difference between the groups (p-value)
Groups 1 and 2, Group 1, Group 2, Group 3 (controls),
Parameters n=39 n=17 n=oo n=10 Columns | Columns2 | Columns | Columns
] > 3 n 1and 4 and 3 2and 4 3and 4
PFRstress, EDV/s 1.89 £ 0.21 1.93+£0.17 1.86 + 0.24 2.75 +0.31 0.000001 0.5 0.00002 | 0.000009
PFRrest, EDV/s 1.97 £ 0.27 2.12+0.28 1.86 + 0.20 2.32 +£0.32 0.002 0.003 0.14 0.0001
MFR/3stress, EDV/s 1.12 £ 0.22 1.01 £0.23 1.20 £ 0.17 1.77 £ 0.14 0.000001 0.009 0.00002 | 0.000009
MFR/3rest, EDV/s 1.26 + 0.24 1.26 +0.24 1.26 + 0.25 1.60 £ 0.15 0.0003 0.9 0.0008 0.001
TTPFrest, ms 164.1 + 18.1 156.0 + 13.1 170.4 £ 19.2 138.4+9.5 0.000047 0.015 0.001 0.00005
TTPFstress, ms 172.3 £ 24.9 166.3 +13.5 | 176.9 + 30.5 153.0 + 6.8 0.01 0.3 0.009 0.04
E;E:;gif;s f“:]rr:eb;sf% 14 (35.9%) 3(17.6%) 11 (50.0%) 0 - 0.049 - -
SfF s:trif;tt's f‘:g‘sk?irumben % 8 (20.5%) 1 (5.9%) 7 (31.8%) 0 - 0.1 - -

Note: significant differences are shown in bold; stress stands for the measurements done after the stress test; rest stands for the measurements at rest.
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Study Myocardial Perfusion
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Fig. 1. A resting C-SPECT scan of a female patient aged 69 who presented with chest pain and intact coronary arteries (class Il effort angina)

[amw Myocerdiol Porfusion
Dataset  Stress I-Gated [Recon]
Date 2015.02-26 12:32:55
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Volume (ml) and Filling (mU's)
:

A
j 200
150
501+ 100
40 4 T80

-50
-100
-150
-200

0 e +
el T e

PER  -284EDVIS[1.1]
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Fig. 2. A stress C-SPECT scan of a female patient aged 69 who presented with chest pain and intact coronary arteries

the normal reference range. No local impairment of LV wall
motion was observed. Therefore, we conclude that diastolic
dysfunction in our patients is not associated with impaired
contractility (myocardial fibrosis).

LV hypertrophy is another possible cause underlying DD.
Patients with myocardial hypertrophy were not included in the
present study. LV mass index was within the reference range
in all patients, reaching 128 + 27, 132 + 21 and 127 + 18 in
groups 1 and 2 and the controls, respectively.

Metabolic shifts can also be regarded as a factor
contributing to DD. However, our study did not include patients
suffering from the conditions associated with metabolic
shifts, except for those accompanying transient myocardial
ischemia.

The most probable cause of DD in the studied cohort of
patients is microvascular dysfunction. Although coronary
arteries were intact in all examined patients, C-SPECT/
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CT verified the diagnosis of transient ischemia in groups
1and 2.

Patients from group 2 had abnormal left ventricular PFR and
TTPF. Those deviations from the norm were more noticeable
in group 2 than in patients from group 1 who did not have
hypertension. MFR/3, the most sensitive parameter of diastolic
function, was abnormal at rest in groups 1 and 2, as compared
with the controls, but did not differ significantly between the
groups. The abnormalities became more pronounced after
the stress test in the absence of any LV wall motion pathology.
This could be explained by reduced myocardial perfusion and
transient myocardial ischemia.

Besides, a secondary filling peak was detected in some
patients from both groups at rest; the number of peaks
increased in response to physical exercise.

Our findings are consistent with other studies of diastolic
function in patients with intact coronary arteries. For example, an
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echocardiographic Doppler study demonstrated that diastolic
function was impaired in female patients with microvascular
angina [14]. In another study, diastolic function was assessed
using C-SPECT, EchoCG and heart MRI [15]. Importantly,
those C-SPECT findings are consistent with the results of the
present study. In [15] EchoCG suggested DD in more than
60% of patients with DD detected by C-SPECT, which also
concurs with our findings (65% and 82% in groups 1 and 2,
respectively). According to YW. Wu et al, C-SPECT is less
sensitive to DD than Doppler echocardiography. At the same
time, the authors point to high sensitivity of 64-slice computed
tomography in the assessment of DF [15].
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INVESTIGATING A CORRELATION BETWEEN THE LEVELS OF PERIPHERAL BLOOD CYTOKINES AND THE
RISK FOR CARDIOVASCULAR COMPLICATIONS IN PATIENTS WITH STAGE Il ESSENTIAL HYPERTENSION
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2 State Research Institute of Highly Pure Biopreparations, FMBA, St. Petersburg, Russia

Essential hypertension (EH) is one of the most common modifiable risk factors for cardiovascular diseases and death. The aim of this study was to investigate a
correlation between the levels of some cytokines (interleukins, adhesion molecules, tumor necrosis and growth factors, etc.) in the peripheral blood of patients with
stage Il EH and the rate of complications (myocardial infarction, acute cerebrovascular events, and transient ischemic attacks) occurring in a 5-year follow-up period.
Twenty-eight cytokines were measured using ELISA, including IL1B, IL1a, IL1ra, IL18, IL18BP, IL37, IL6, sIL6r, LIF, sLIFr, IGF-1, IGFBP-1, TNFa, sTNF-RI, sVCAM-1,
IL17,1L2, IL4, IL10, TGF-B1, IL8, CX3CL1, CXCL10, INFy, M-CSF, IL34, VEGF-A, and erythropoietin, and a few vasoactive peptides, including NO, iNOS, eNOS,
ADMA, SDMA, Nt-proCNP, and Nt-proBNP, in the peripheral blood samples of 200 patients with stage Il EH who had been suffering from this condition for 10 to
14 years and were receiving comparable therapies to bring their blood pressure down. The patients were followed up for 5 years to keep track of complications.
The retrospective analysis revealed that the group of patients who developed complications during the 5-year follow-up period exhibited a decline in the levels of
IL1ra (p < 0.001) and IL10 (p < 0.001) and a rise in IL1B (o < 0.001), TNFa (p < 0.001) and M-CSF (p < 0.001) in comparison with the group of those who did not
develop any complications. The multivariate Cox regression analysis was applied to the following parameters: IL13 > 18.8 pg/ml; IL1ra < 511 pg/ml; IL6 > 23.8 pg/m;
IL10 < 26.3 pg/ml; 389 pg/ml < M-CSF < 453 pg/ml; ADMA > 0.86 pmol/L; total cholesterol > 4.9 mmol/L; LDL> 3.0 mmol/L; HDL in men < 1.0 mmol/L; HDL
in women < 1.2 mmol/L. The analysis revealed that M-CSF in the range from 389 to 453 pg/ml (o < 0.001) and LDL above 3.0 mmol/L (o < 0.01) correlated with
an increase in the risk for end-organ damage in stage Il EH. Changes in the cytokine levels can be regarded as a predictor of myocardial and cerebral damage in
patients with stage Il EH. Measurement of peripheral blood M-CSF can be included into the classic risk assessment schemes for the cardiovascular complications
in the studied cohort of patients.
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AHANN3 KOPPENALMN COOEP>XAHUA LIUTOKUHOB NEPUPEPUYECKOW KPOBU

C PUCKOM PA3BUTUSA CEPAEYHO-COCYAUCTbIX OCJTOXXHEHUW Y BOJIbHbIX

9SCCEHUNANBHOW APTEPUAJIbHON MTMNEPTEH3UEN 1| CTAOUN

O. A. Papaesa' =, A, C. CumbupLies?

" MopOoBCKMiA rocyaapcTBeHHbIN yHBepcuTeT uMenn H. M. Orapesa, CapaHck, Poccus

2 ToCyOapCTBEHHbIN HAYYHO-MCCNENOBATENBCKIMIA MHCTUTYT 0CO00 YMCTbIX BuronpenapaTtos denepansHoro Meavko-61onormyeckoro areHTcTea, CaHkT-Metepbypr, Poccus

OcceHumanbHas aptepuanbHas runepteHsuns (DAlN ocTaetca Hambonee pacnpoCTpaHeHHbIM MOANMULMPYEMbIM (DaKTOPOM pUCKa CEepAEHHO-COCYANCTbIX
3aboneBaHuin 1 cMepTu. Llenbio ncenenoBanns Obl10 BbISBUTL KOPPENSALMIO COAEPKaHNS LIUTOKMHOB (MHTEPENKHOB, MONeKyn aareavm, (pakTopoB HeKpo3a
OMyxoAW, pocTa v Ap.) B CbIBOPOTKE NEPUDEPUHECKON KPDOBU 1 HaCTOTbl OCIOXKHEHWI (MHDapKTa MMoKapaa, OCTPOrO HapyLLEHMS MO3rOBOro KPOBOOOPALLEHNS)
B nocnepytowme 5 net y 6onbHbix SAI Il ctagum. Y 200 naumeHtoB ¢ SAT Il ctagum ¢ anutensHOCTbO 3abonesanHns 10-14 neT, nonyyaBLUKX CONMOCTaBUMYHO
rMNOTEH3VBHYHO Tepanmio 1 nokasasLUMX LeneBble ypoBHM ALl ¢ nomoLpio VDA B CbIBOPOTKE NepUdeprHeckon KpoBIM Onpeaensiv coaepxanme 28 LINTOKMHOB
(IL1B, IL1a, IL1ra, IL18, IL18BP, IL37, IL6, sILér, LIF, sLIFr, IGF-1, IGFBP-1, TNFa, sTNF-RI, sVCAM-1, IL17, IL2, IL4, IL10, TGF-B1, IL8, CX3CL1, CXCL10, INFy,
M-CSF, IL34, VEGF-A, sputponostuHa) 1 BagoaktveHbIx nentuaos (NO, iINOS, eNOS, ADMA, SDMA, Nt-proCNP, Nt-proBNP). B Teverne nocnegytowmx 5 net
hUKCHpOBaNM Cy4Yan pasBUTUSE OCNOXHEHWIA. PETPOCNEKTBHBIN aHanM3 Nokasas, YTo AN rpynnbl C Pa3BUTUEM OCNOXKHEHUI B MOCNEAyOLLIME 5 neT XxapakTepHo
npeagaputenbHoe CHkeHve yposHel ILira (o < 0,001) n IL10 (o < 0,001) Ha choHe noBbiweHus copepkaqnsa IL1B (o < 0,001), TNFa (p < 0,001) n M-CSF
(o < 0,001) B CbIBOPOTKE KPOBM MPW CPABHEHMM C FPYMNMON 6€3 0CNOXHEHMA. MHOrogakTOpHbI aHan3 C BKIKOHYEHVEM B PErPECCHOHHYIO MOAeNb Kokea psaaa
nokazateneit: IL1B > 18,8 nr/mn; IL1ra < 511 nr/mn; IL6 > 23,8 nr/mn; IL10 < 26,3 nr/mn; 389 nr/mn < M-CSF < 453 nr/mn; ADMA > 0,86 MKMOb/1; 06LLmiA
xonectepyH > 4,9 mmvone/n; JIMHIM > 3,0 mvone/n; JINBM y My>k4mH < 1,0 MMONB/N; Y XKEHLWMH < 1,2 MMOSb/N BbISBUS HE3ABVCUMbIA XapakTep «BAUSHIIS»
Ha MOBbILLEHNE HaCTOTbl MOBPEXAEHVST OpraHoB-muLeHel npu SAT Il ctagun cnepylolmx nokasatenein: cogepxanns M-CSF B ananasone 389-453 nr/mn
(o < 0,001), a Takxke yposHst JTMHIT 6onee 3,0 Mvonb/n (o < 0,01). VI3MeHeHWe ypOBHSI LMTOKUMHOB SBMSIETCS NAaTOreHETUYECKY 0O0CHOBaHHbIM MPEANKTOPOM
MOBPEXAEHNS MYOKapAa 1 roNOBHOMO Modra y 60sbHbIX SAT Il cTaamn, a onpepeneHmne yposHs M-CSF B KpOBY MOXXET AOMOMHUTL KITACCUYECKME CXeMbl pacyeTa
puUcKa pasBUTUSt CepAEHHO-COCYANCTLIX OCNOXHEHWIA Y AaHHOW KaTeropum 601bHbIX.

KnioueBble cnoBa: LMTOKMHbI, SCCeHLManbHas aptepuanbHas rnepTeH3nst, MHMapKT Myokapha, OCTPOe HapylUeHWe MO3roBOro KpOBOOOPALLEHNS,
KOMOHNEeCTUMYNMpYtoLLmMiA hakTop Makpodaros M-CSF
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Essential hypertension (EH) is one of the most common
modifiable risk factors for cardiovascular diseases and death.
According to some estimates, more than 1 billion adults suffer
from EH. Their number is expected to have reached 1.5
billion in 2025 [1]. It was long thought that end-organ damage
resulted from the increased hydrostatic pressure against
blood vessel walls. However, recently a few research studies
have been conducted [2-10] into the cytokine pathways in
EH complications, including myocardial infarction (Ml), acute
cerebrovascular events (ACVE), and transient ischemic attacks
(TIA), that pose a significant risk of death and morbidity to the
working-age population. It is hardly disputable that end-organ
damage is the ultimate sequela of chronic inflammation in the
presence of elevated blood pressure and atherosclerosis.
However, it is still unclear whether certain cytokines have a
prognostic potential in the assessment of long-term risks for
cardiovascular disorders in patients with stage Il EH. The aim
of this study was to investigate a correlation between peripheral
blood concentrations of some cytokines in patients with stage
Il EH and the rate of cardiovascular complications (Ml, ACVE,
TIA) developed during the 5-year observation period.

METHODS

The study was carried out at the facilities of the Regional
Vascular Center of Mordovian Republican Clinical Hospital
No. 4, Mordovian Republican Clinical Hospital No. 3 and the
Department of Immunology, Microbiology and Virology of
Ogariov Mordovian State University in 2013 through 2018.
The study recruited 490 participants with stage Il EH. Of them,
200 patients were prescribed comparable antihypertensive
therapies and then followed up for 5 years. Among them were
100 females and 100 males with the mean age of 57.5 + 1.2
years at the beginning of the study.

The following inclusion criteria were applied: stage I
EH lasting for 10-14 years; working age (females under 60,
males under 65); comparable treatment regimens prescribed
(monotherapy with ACE inhibitors or ACEls+ diuretics); informed
consent to participate. Patients with comorbidities, type |
diabetes mellitus, metabolic syndrome, allergies, autoimmune
conditions, secondary hypertension, infections or mental health
problems 1 month before the study, alcoholism/drug abuse,
and those who refused to participate were excluded from the
study. The following cytokines were measured in the peripheral
blood samples of 100 female and 100 male patients with
stage Il EH in order to assess their potential in predicting long-
term cardiovascular complications (Ml and ACVE): IL1, IL1q,
IL1ra, IL18, IL18BP, IL37, IL6, slL6ér, LIF, sLIFr, IGF-1, IGFBP-1,
TNFa, sTNF-RI, sVCAM-1, IL17, IL2, IL4, IL10, TGF-B1, IL8,
CX3CL1, CXCL10, INFy, M-CSF, IL34, VEGF-A, erythropoietin,
and a group of vasoactive peptides including NO, iINOS,
eNOS, ADMA, SDMA, Nt-proCNP, and Nt-proBNP. These
proteins were selected because they are either synthetized by
vascular cells or the end organs have receptors recognizing the
listed cytokines. Their concentrations were determined using
immunoassays. In the 5-year follow-up period, the patients
were surveyed on the phone using the original questionnaire;
complications (MY, ACVE, TIA) were noted down and later
correlated to the patients’ medical records.

The obtained data were processed in Statistica 8.0
(StatSoft; ver 8.0). Normality of data distribution was tested
using the one-sample Kolmogorov-Smirnoff test. In this article,
the data are presented as an arithmetic mean (M), a standard
deviation (SD) and 95% confidence interval for the mean
(95% Cl) for normal distribution. Student’s t-test was used to
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compare the main groups. Absolute and relative risks of end-
organ damage (MI, ACVE, TIA) were computed, as well as 95%
Cl for sensitivity (Se) and specificity (Sp). Uni- and multivariate
Cox regressions were calculated.

RESULTS

We correlated the levels of IL1B, IL1a, IL1ra, IL37, IL18,
IL18BP, IL6, slL6r, LIF, sLIFr, TNFa, sTNF-RI, sVCAM, IL2,
IL8, IL4, IL10, IFNy, IGF-1, IGFBP-1, M-CSF, IL34, VEGF-A,
CXB3CL1, CXCL10, TGFB1, IL17A, and erythropoietin in the
peripheral blood of 200 patients in treatment for stage Il EH
who had been suffering from the condition for 10-14 years to
the development of cardiovascular complications during the
5-year follow-up period. The retrospective analysis revealed a
declinein IL1ra (p < 0.001) and IL10 (p < 0.001) concentrations
and a rise in IL1B (p < 0.001), TNFa (p < 0.001), and M-CSF
(o < 0.001) levels in the group of 47 patients who developed
cardiovascular complications in the follow-up period, including
Ml (20 patients), ACVE (14 patients) and TIA (13 patients),
as compared to the group of patients who did no develop
any long-term complications during the study (Table 1). No
significant differences were observed in the average values
of other parameters between the groups of patients with and
without complications (p > 0.05).

Further analysis of interquartile ranges for the patients
with EH who developed complications after 6-10 years of
observation demonstrated (Table 2) that at IL1ra < 513 pg/ml,
the rate of complications over those 5 years increased 2.24
times (p < 0.05) reaching 45% (Sp was 83%, Se was 41.7%),
¥ = 5.25 (p < 0.05), C = 0,33 (@ moderate correlation); at
IL10 < 26.3 pg/ml the risk grew 1.94 times (p < 0.05), reaching
31% (Sp 54.9%, Se 66%), y> = 6.26 (o < 0.05), C = 0.17 (a
weak correlation); at IL1p > 18.7 pg/ml the risk increased 2.37
times (p < 0.05) reaching 38% (Sp 59%, Se 80%), x* = 7.59
(o < 0.05), C = 0.22 (a moderate correlation); at IL6 > 23.8
the risk grew 1.76 times (p < 0.05) reaching 30% (Sp 54%,
Se 63.8%), ¥* = 6.45 (p < 0.05), C = 0.17 (a weak correlation).
At M-CSF concentrations in the blood serum ranging from
389 to 453 pg/ml the risk of cardiovascular complications
in year 5 and in the next 5 years grew 3.87-fold (p < 0.001),
as compared to M-CSF concentrations < 389 pg/ml and >
458 pg/ml, reaching 62% (Sp 81.6%, Se 66%), x° = 32.5
(o < 0.001), C = 0.6 (a relatively strong correlation). M-CSF
was the most significant risk predictor in comparison with other
cytokines. The analysis of interquartile ranges for the patients
who developed cardiovascular complications in years 6-10
of the observation did not reveal any significant correlations
between TNFa concentrations measured in year 5 and the
analyzed risks.

The univariate Cox regression analysis confirmed a reliable
correlation between the changes in the peripheral blood
cytokine concentrations in patients with stage Il EH (IL1B >
18.8 pg/ml; IL1ra <511 pg/ml; IL6 > 23.8 pg/ml; IL10 < 26.3 pg/m;
389 pg/ml < M-CSF < 453 pg/ml) and the risk of cardiovascular
disorders during the observation period (Table 3).

The analysis of relationships between all studied parameters
and vasoactive peptides (Tables 4, 5) demonstrated that
cytokines that could be regarded as potential long-term
predictors of cardiovascular complications in patients with stage |l
EH, namely IL1ra, IL10, IL1B, TNFa, and M-CSF, correlate with
the serum levels of asymmetric dimethylarginine (ADMA), a
vasoactive peptide. Therefore, when building the pathogenic
model, we added ADMA to the list of variables subjected to the
multivariate regression analysis to assess the independence of
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the revealed risk factors. This has a pathogenic significance
and affects the diagnostic and clinical value of the recorded
changes. M-CSF concentrations in the blood serum of patients
with stage Il EH have the strongest correlation with ADMA.
The model subjected to the multivariate analysis also included
classic risk factors as recommended by the international and
Russian guidelines for the risk assessment of complications in
patients with hypertension. Based on the results yielded by the
multivariate analysis, increased rates of end-organ damage in
patients with stage Il EH reported during the 5-year observation
period correlated with M-CSF levels in the range between 389
and 453 pg/ml (p < 0.001) regardless of patients’ sex, as well
as with the classic risk factor: LDP > 3.0 mmol/L (p < 0.01)
(Table 6).

DISCUSSION
Significant correlations have been reported between EH

complications, including ACVE and MI, and the peripheral
blood concentrations of IL17, IFNy, TNFa, IL6 [2, 11], STNF-

RI'[9], IL1 [12, 13], CXC chemokines [6], LIF [14], IL12 [15],
and other cytokines. However, there have been few longitudinal
studies of this problem, and only a small range of cytokines
has been analyzed. Considering that the literature on the role
of cytokines in the pathogenesis of EH is scarce, it is important
to study the dynamics of these immunoregulatory factors in
patients who develop EH complications and to identify factors
that maintain their statistical and pathogenic significance when
other cytokines or classic risk factors are introduced into the
pathogenic model. We have found that changes in IL1ra, IL10,
IL1B, IL6, and M-CSF levels correlate with the development of
complications (MI, ACVE, TIA) during a 5-year period. In our
study, the increase in the concentrations of anti-inflammatory
IL1ra and IL10 correlated with a lower number of complications.
Correlations between other analyzed cytokines and the risk for
EH complications were not observed. Out findings are not fully
consistent with the literature reporting correlations between
LIF, IL1a, etc. and the risk for developing EH complications
[10, 14]. This could be due to different inclusion criteria
applied in different studies (the sex ratio, age, antihypertensive

Table 1. Cytokine levels in patients in treatment for stage Il EH who developed cardiovascular complications during the 5-year follow-up period and those who did not

have any complications. M (o)

Cytokine levels Patients without complications Patinates with EH and complications

(pg/ml) n=153 n=47
IL1B 14.2 (4.42) 21.3 (3.32)*no complications
IL1a () 12.6 (3.21) 13.2 (2.91)
IL1ra 650 (112) 496 (93)*no complcations
IL18 360 (64) 393 (87)
IL18BP 6790 (1170) 6440(1620)
IL6 21.7 (4.94) 4.9 (4.41)Amo compcatons
slL6r 1889 (323) 1733 (312)
TNFa 20. 2 (4.47) 26.6 (4.5)* complications
sTNF-RI 2598 (680) 2873 (699)
sVCAM-1 577 (101) 591 (90)
L2 10.6 (3.16) 10.9 (3.02)
IL8 28.7 (6.74) 30.6 (7.16)
L4 19.8 (4.11) 20.8 (4.05)
IL10 29.3 (6.99) 23.8 (7.17)*no complications
IFNy 18.4 (4.18) 18.1 (4.39)
IL37 93.2 (26.9) 90.1 (24.2)
IL17A 2.5 (0.56) 2.46 (0.49)
LIF (females) 7.28 (2.78) 7.76 (2.63)
sLIFr (females) 40500 (1120) 42100 (1600)
IGF-1 116000 (32300) 122000 (30800)
M-CSF 352 (88) 456 (69)*no complications
IL34 133 (40) 137 (36)
VEGF-A 339 (101) 344 (95)
CX3CL1 510 (105) 542 (120)
CXCL10 17.8 (4.33) 18.9 (3.92)
TGFBA1 21.8 (4.57) 22.1 (4.24)
Neopterin 8.81 (3.19) 8.23 (2.8)
Erythropoietin 11.4 (3.64) 16.6 (3.12)*no complications

Note: * —p < 0.01; * — p < 0.001 in comparison with patients without complications reported in the 5-year follow-up period.
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treatment, normalized blood pressure, etc) and indicates the
high significance of the observational group homogeneity,
which affects the pathogenic significance of the obtained data.
Importantly, our study shows that only cytokines correlating
with ADMA levels can be regarded as potential predictors of
end-organ damage in patients undergoing treatment against
stage Il EH and suffering from the pathology for 10-14 years.
ADMA is a methylated analog of L-arginine (a substrate for NO

OPUITMHAJTIbHOE NCCJIEQOBAHUE | IABOPATOPHAA OVATHOCTUKA

synthesis) that competitively inhibits the functional activity of
eNOS [16], curbing the NO synthesis and leading to its poor
availability for vasorelaxation and vasoprotection [17]. This
pathogenic pathway is important: the role of ADMA and SDMA
in pathology is currently in the focus of scientific research.
This study established that M-CSF was the only independent
criterium (from the entire spectrum of the analyzed parameters)
that had a high predictive value (even when compared to

Table 2. The relationship between changes in IL1ra, IL1B, IL6, TNFa, M-CSF, and IL10 concentrations measured at the beginning of the study AND the rate of
complications (95% Cl) during the 5-year follow-up period in patients in treatment for long-settled EH

Quartile | Quartile Il Quartile Il Quartile VI
n=>50 n=>50 n=>50 n=>50
IL1ra (330-511) (512-575) (574-633) (634-820)
Complications (number of patients) 18 9 10 10
36 18 20 20
Absolute risk (%) [22.7-49.3] [7.35-28.6] [8.91-31] [8.91-31]
36 [22.7-49.3] 19.3 [13-25.6]
Risk ratio Quartiles I /11 + Il + 1V: 1.86 [1.13-3.05]*
IL1B (2.95-14.8) (14.9-8.7) (18.8-22.5) (22.6-34.4)
Complications (number of patients) 1 8 18 20
36 40
Absolute risk (%) °. 433 443 5.8 41_62 621 [22.7-49.3] [26.4-53.6]
38 [28.5-47.5]
Risk ratio Quartiles Il /1l + 1IV: 2.37 [1.2 -4.7]"
Risk ratio Quartiles I /11 + 11l + IV: 1.86 [1.13-3.05]*
IL6 (12.5-20.8) (20.9-23.7) (23.8-27.5) (27.6-36.4)
Complications (number of patients) 8 9 14 16
16 [5.8-26] 18 [7.35-28.6] 28 [15.6-40] 32 [19-45]
Absolute risk (%)
17 [8-22.1] 30 [21-39]
Risk ratio Quartiles | + 11 /111 + IV: 1.76 [1.04 — 2.99]*
TNFa (10.3-18.3) (18.6-23.7) (21.4-24) (24.1-32.4)
Complications (number of patients) 10 13 12 12
Absolute risk (%) 20 [8.9-31] 26 [13.8-38] 24 [12.2-35.8] 24 [12.2-35.8]
Risk ratio Quartiles |/ 11: 1.3 [0.63-2.69] Quartiles I1 /11l + 1IV: 0.92 [1.04-1.65]
M-CSF (138-319) (320-388) (389-453) (454-640)
Complications (number of patients) 0 7 31 9
Absolute risk (%) 0 14 [4.42-23.6] 62 [48.5-55.4] 18 [7.55-28.6]
Risk ratio Quartile; I+ 1V /1Il: 3.87 [2.35-6.38]"
Quartiles II/IV = 1.28 [0.52-3.18]
IL10 (5.1-19.9) (20-26.2) (26.3-31.5) (31.6-47.5)
Complications (number of patients) 15 16 8 8
30 [19-45] 32 [15.6-40] 16 [5.84-26.2] 16 [5.84-26.2]
Absolute risk (%)
31 [22-40] 16 [5.84-26.2]
Risk ratio Quartiles | + 11 /1l + IV: 1.94 [1.13-3.31]*

Note: * — p < 0.05 for the comparison of absolute risks if the interval does not include 1.

Table 3. Correlations between IL1pB, IL1ra, IL6, IL10, and M-CSF concentrations AND the rate of cardiovascular complications (95% Cl) during the 5-year observation
period in patients with stage Il EH. The univariate Cox regression

Variables Beta Standard t-value Exponent Beta P
IL1B (> 18.8 pg/ml) 1.99 0.35 5.68 2.37 0.006
IL1ra (< 511 pg/ml) 1.24 0.28 4.43 2.06 0.009
IL6 (> 23.8 pg/ml) 1.27 0.35 3.62 1.89 0.042
IL10 (< 26.3 pg/ml) 1.22 0.27 452 1.91 0.007
M-CSF (389-453) pg/ml 2.44 0.25 9.76 3.89 0.0004

Note: in our Cox regression models, Beta is a regression coefficient; Standard is a standard error of the regression coefficient; t-value is the t-statistic; Exponent Beta
is the value of the relative risk indicating a connection with the range of changes in the analyzed factor; p shows statistical significance.

BULLETIN OF RSMU | 1, 2019 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | LABORATORY DIAGNOSTIC

ADMA and classic risk factors) in the assessment of risks for
developing ACVE, Ml and TIA in patients undergoing treatment
for stage Il EH who had been suffering from this condition
for 10 to 14 years. This confirms the priority of the cytokine
in the M-CSF-ADMA correlational pathogenic model with a
subsequent cascade of reactions causing progression of the
pathology. Earlier, we published an article demonstrating a
direct correlation between M-CSF concentrations > 453 pg/ml
and the levels of VEGF-A in the peripheral blood, which
was consistent with a significant increase in the myocardial
collateral blood flow (coronary angiography) and might explain
a low rate of Ml in the studied cohort of patients [18], affecting
the total risk for cardiovascular complications. M-CSF can
activate MAP-kinases via the M-CSFR-1 receptor; the kinases

play a key role in the production of VEGF-A by activating ERK,
increasing the p38 and JNK promoter activity and stabilizing
VEGF-A mRNA in a dose-dependent pattern [19].

CONCLUSIONS

The data yielded by this study prove that changes in the
cytokine concentrations (IL18 > 18.8 pg/ml, IL1ra < 511 pg/ml,
IL6 > 23.8 pg/ml, IL10 < 26.3 pg/ml) measured in the
peripheral blood of patients suffering from stage Il EH for 10 to
14 years and undergoing antihypertensive treatment correlate
with a 5-year rate of cardiovascular complications (Ml, ACVE,
TIA). Only M-CSF at concentrations between 389 and 453 pg/ml
can be regarded as a predictor of cardiac and cerebrovascular

Table 4. A correlation matrix for the cytokines in the peripheral blood of patients in treatment for stage Il EH and the vasoactive peptides measured in the same patients

IL37 LIF sLIFr IGF-1 IGFBP-1 M-CSF L34 VEGF-A CX3CL1 CXCL10 TGFB1 IL17A Erythropoietin

AT -0.28 0.51 -0.36 0.23 0.23 0.34 0.24 0.29 0.12 0.31 0.23 0.21 0.23
p > 0.05 p<0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p > 0.05 p>0.05

ET1 -0.41 0.31 0.28 0.21 0.22 0.43 0.21 0.42 0.27 0.35 0.31 0.23 0.32
p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 p>0.05 p>005 | p>005 | p>0.05 p>0.05

NO 0.69 0.42 0.41 0.23 0.18 0.32 0.31 0.34 0.31 0.39 0.48 0.21 0.23
p<005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 | p>0.05 p>005 | p>005 | p>005 | p>0.05 p>0.05

ADMA -0.32 0.33 0.49 0.28 0.45 0.58 0.24 0.28 0.22 0.15 0.34 0.31 0.32
p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p > 0.05 p>0.05

SDMA -0.78 0.28 0.45 0.38 0.27 0.52 0.41 0.31 0.52 0.5 0.26 0.31 0.21
p<0001 | p>005 | p>005 | p>005 | p>005 | p<005 | p>005 | p>0.05 p<005 | p<005 | p>005 | p>0.05 p>0.05

eNOS 0.32 0.38 -0.39 0.21 0.34 0.31 0.24 0.11 -0.18 -0.31 0.23 0.32 0.34
p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 | p>0.05 p>005 [ p>005 | p>005 | p>0.05 p>0.05

iINOS -0.41 0.28 0.45 0.34 0.38 0.17 0.21 0.21 0.69 0.71 0.34 0.21 0.21
p > 0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.01 p<0.01 p>0.05 p > 0.05 p>0.05

NT- -0.27 0.41 -0.28 0.27 0.37 0.41 0.25 0.32 -0.31 -0.27 0.52 0.23 0.24
proCNP | p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>005 | p>0.05 p>0.05 p>005 | p<005 | p>0.05 p>0.05

NT- -0.78 -0.65 0.31 0.31 0.24 0.45 0.18 0.34 0.21 0.2 0.33 0.27 0.12
proBNP | p<0.01 | p<005 | p>005 | p>005 | p>005 | p>005 | p>0.05 | p>0.05 p>005 [ p>005 | p>005 | p>0.05 p>0.05

Note: the data are presented as a coefficient of multiple correlation; the minus symbol indicates that the established correlation is negative; p shows the significance
of differences.

Table 5. A correlation matrix for the cytokines in the peripheral blood of patients in treatment for stage Il EH and the vasoactive peptides measured in the same patients

IL1B IL1a IL1ra IL18 IL18BP IL6 slLeér TNFa sTNF-RI sVCAM-1 IL2 IL8 IL4 IL10 IFNy

ATl 0.41 0.34 -0.19 0.41 -0.23 0.43 0.33 0.41 0.22 0.21 0.18 0.37 0.22 -0.62 0.16
p>0.05 p>0.05 | p>005| p>0.05| p>0.05 | p>0.05 | p>0.05| p>0.05| p>0.05 p>0.05 p>0.05 | p>0.05 ]| p>0.05 | p<0.05 | p>0.05

ET 0.68 0.65 -0.62 0.34 -0.36 0.27 0.41 0.36 0.24 0.31 0.25 0.69 0.24 -0.36 0.18
p<005 | p<0.05 | p<0.05 | p>0.05| p>005 | p>0.05 | p>0.05 | p>0.05| p>0.05 p>005 | p>005 | p<0.01 | p>0.05 | p>0.05 | p>0.05

NO 0.64 0.46 0.49 -0.27 0.64 0.49 0.33 0.44 -0.38 0.25 0.37 -0.41 -0.38 0.33 0.41
p < 0.05 p>0.05 | p<0.05 | p>0.05| p<0.05 | p>0.05 | p>0.05| p>0.05| p>0.05 p > 0.05 p>0.05 | p>0.05]| p>0.05 | p>0.05 | p>0.05

ADMA 0.52 0.4 -0.58 0.36 -0.41 0.57 0.25 0.38 0.31 0.38 0.33 0.27 0.31 -0.55 0.24
p<005 | p>005 | p<0.05 | p>0.05| p>005 | p<0.05 | p>0.05 | p>0.05| p>0.05 p>005 | p>005 | p>005| p>0.05 | p<0.05 | p>0.05

SDMA 0.34 0.29 -0.16 0.48 -0.71 0.29 0.23 0.26 0.25 0.43 0.72 0.53 0.25 -0.23 0.58
p>005 | p>005 | p>0.05 | p>0.05| p<0.01 | p>0.05 | p>0.05 | p>0.05| p>0.05 p>005 | p<001 | p<0.05| p>0.05 | p>0.05 | p<0.05

eNOS -0.62 -0.67 0.51 0.22 0.37 -0.22 -0.35 0.4 0.27 0.31 -0.13 -0.31 0.27 0.46 -0.19
p<005 | p<0.05 | p<0.05 | p>005| p>005 | p>005 | p>0.05| p>0.05| p>0.05 p>0.05 p>005 | p>005| p>0.05 | p>0.05 | p>0.05

iNOS 0.78 0.49 -0.12 0.36 -0.39 0.68 0.56 0.42 0.41 0.41 0.62 0.42 0.41 -0.4 0.52
p<001 | p>005 | p>0.05| p>005| p>0.05 | p<0.05 | p<0.05 | p>0.05| p>0.05 p>0.05 p<005 | p>005| p>0.05 | p>0.05 | p<0.05

NT- -0.58 0.68 0.13 0.31 -0.37 -0.61 0.24 0.52 0.39 0.24 -0.74 -0.37 0.39 0.29 -0.64
proCNP p < 0.05 p<0.05 | p>0.05| p>0.05| p>0.05 | p<0.05 | p>0.05| p<0.05| p>0.05 p > 0.05 p<0.01 | p>0.05]| p>0.05 | p>0.05 | p<0.05

NT 0.47 0.29 -0.31 0.14 -0.73 0.17 -0.12 0.51 0.24 0.32 0.32 0.21 0.24 -0.22 0.32
-proBNP p>0.05 p>0.05 | p>0.05| p>0.05| p<0.01 | p>0.05 | p>0.05| p<0.05| p>0.05 p > 0.05 p>0.05 | p>0.05]| p>0.05 | p>0.05 | p>0.05

Note: the data are presented as a coefficient of multiple correlation; the minus symbol indicates that the established correlation is negative; p shows the significance
of differences.
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Table 6. Correlations between IL1B, IL1ra, IL6, IL10, M-CSF, ADMA concentrations and classic risk factors AND the rate of cardiovascular complications (95% Cl) in a
5-year observation period in patients with stage Il EH; the table shows the Cox regression model; the multivariate analysis was applied

Variables Beta Standard t-value Exponent Beta p
IL1B (> 18.8 pg/ml) 1.19 0.73 1.63 2.05 0.058
IL1ra (< 511 pg/ml) 1.04 0.62 1.67 1.34 0.067
IL6 (> 23.8 pg/ml) 1.07 0.63 1.69 2.17 0.062
IL10 (< 26.3 pg/ml) 1.06 0.66 1.61 1.32 0.072
M-CSF (389-453) pg/ml 2.17 0.34 6.38 2.53 0.0007
ADMA (> 0.86 umol/l) 1.49 0.77 1.93 2.09 0.068
Total cholesterol > 4.9 mmol/| 1.18 0.73 1.62 1.63 0.062
LDL > 3.0 mmol/I 1.88 0.43 4.37 2.28 0.004
HDL in men < 1.0 mmol/I. in women < 1.2 mmol/I 1.12/1.19 0.71/0.68 1.58 1.38/1.32 0.071/0.069

Note: in our Cox regression models, Beta is a regression coefficient; Standard is a standard error of the regression coefficient; t-value is the t-statistic; Exponent Beta
is the value of the relative risk indicating a connection with the range of changes in the analyzed factor; p shows statistical significance.

complications. Although the obtained data have a theoretical
significance, M-CSF concentrations in the range from 389 to
453 pg/ml are a highly specific (81%) but lowly sensitive (66%)
parameter in terms of predicting MI, ACVE and TIA in the studied
cohort of patients. This means that an additional criterium should
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COMBINATION OF RIBOSOME AND PHAGE DISPLAY FOR FAST SELECTION OF HIGH AFFINITY VHH
ANTIBODY FRAGMENTS

Kravchenko YE, Ivanov SV, Kravchenko DS, Frolova El, Chumakov SP =2
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia

Selection of antibodies using phage display involves the preliminary cloning of the repertoire of sequences encoding antigen-binding domains into phagemid, which
is considered the bottleneck of the method, limiting the resulting diversity of libraries and leading to the loss of poorly represented variants before the start of the
selection procedure. Selection in cell-free conditions using a ribosomal display is devoid from this drawback, however is highly sensitive to PCR artifacts and the RNase
contamination. The aim of the study was to test the efficiency of a combination of both methods, including pre-selection in a cell-free system to enrich the source library,
followed by cloning and final selection using phage display. This approach may eliminate the shortcomings of each method and increase the efficiency of selection. For
selection, alpaca VHH antibody sequences suitable for building an immune library were used due to the lack of VL domains. Analysis of immune libraries from the genes
of the VH3, VHH3 and VH4 families showed that the VHH antibodies share in the VH3 and VH4 gene groups is insignificant, and selection from the combined library
is less effective than from the VHHS family of sequences. We found that the combination of ribosomal and phage displays leads to a higher enrichment of high-affinity
fragments and avoids the loss of the original diversity during cloning. The combined method allowed us to obtain a greater number of different high-affinity sequences,
and all the tested VHH fragments were able to specifically recognize the target, including the total protein extracts of cell cultures.
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NCNoJib3B0OBAHUE KOMBUHALIM PUBOCOMHOIO 1 ®AroBOIro ANCNMEEB AJis BbICTPOIO
OTBOPA BbICOKOA®PUNHHbIX VHH-®PATMEHTOB AHTUTEN AJTIbINAK

tO. E. Kpasuerko, C. B. VeaHos, [1. C. Kpas4derko, E. V. ®posnosa, C. M. HYymakos =
VIHCTUTYT BroopraHnydeckon xumum nvenn M. M. LLemsknHa n FO. A. OB4nHHMKOBa, Mocksa, Poccus

Cenekumst aHTUTEN C MOMOLLBIO (haroBOrO AMCNNes MpefnonaraeT npeaBapuTenbHOE KIOHUMPOBaHWE pernepTyapa NnocnefoBaTeNbHOCTEN, KOAMPYIOLLMX
aHTUreHCBA3bIBaloLLVE YHaCTKN, B (harMuay, YTO cHMTaeTCs «OyThbIIOYHBIM FOPSbILLIKOM» METOAQ, OrpaHUYMBAOLLMM UTOrOBOE pa3Hoobpasue GUbamMoTek 1
BeAyLLMM K NoTepe cnabo npeAcTaBneHHbIX BapyaHTOB ellle A0 Hadana npoLeaypbl cenekumm. OT60p B 6ECKNETOUHBIX YCIOBUSX MY NMOMOLLW PUOGOCOMHOIO
avennest IUWeH 3Toro HefocTaTka, OAHAKO OT/IMYaeTCst BbICOKOM YyBCTBUTENbHOCTLIO K apTedaktam [MUP 1 npucytcteuio PHKas. Llenbto paboTbl 6bino
vcenenoBaHne aPMEKTVBHOCTY COYETaHNA ABYX METOAOB: MPOBEAEHUS NPeaBapUTENBHON Cenekumn B GECKIETOHHON crucTeMe Anst oboralleHnst UCXOAHOM
OVBMOTEKN C MOCEAYIOLLMM KITIOHMPOBAHNEM 1 3aKITIOUUTENBHON CENEKLIMEN NMPK MOMOLLM (haroBoro ancnnest. [Npeanonaranocs, YTO Takon PEXVIM CEnexLmn
MO3BOSUT YCTPAHWTb HELOCTATKM KaXKLOro 13 METOAOB 1 MOBbICUTL 3(PEKTVBHOCTL 0THopa. [ns cenekumm ncnons3osanmv nocnegosarensHoct VHH-aHTvTen
anbnaky, yoobHble Ana NOCTPOEHUSI UMMYHHOW 61GAMOTEKM 13-3a OTCyTCTBUS VL -AOMEHOB. AHANN3 MMMYHHbIX 616noTek 13 reHoB cemerncts VH3, VHH3 n
VH4 nokasan, 4to B rpynnax reHoB VH3 1 VH4 nona VHH-aHTUTENn HeaHaumTenbHa, 1 cenekumsi 13 KOMOUHMPOBaHHOM BUOAMOTEKN MeHee 3hdeKTUBHA, YeM
13 61bnunoTekn nocnefoBatensHocTel cemenctaa VHHS. Mbl ycTaHOBUAW, YTO KOMBMHALMS PUBOCOMHOIO 1 (DaroBOro AVCMeeB MPYBOAMT K 60nee BbICOKOMY
oboralleHnio BbIcokoadhUHHbIMK hparMeHTammr 1 NMo3BONSET M3bexaTb MOTepU NCXOAHOMO PasHoobpasns npu KNOHMPoBaHUA. KOMOUHMPOBAaHHbIA METO,
MO3BOMNI MOSYHUTb BOMbLLIEE KOMMHECTBO Pa3inyHbIX BbICOKOAMMUHHBIX MOCNefoBaTeNbHOCTEN, a BCe MpoTecTUpoBaHHble VHH-dparmeHTbl okasanmcb
CMOCOBHbBIMI CNELMUHHO PACNO3HaBATE MULLIEHE, B TOM HMCAE B TOTa/bHbIX BEMKOBbIX 3KCTPaKTax KNETOYHbIX KYNLTYP.
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Monoclonal antibodies, as well as their antigen-binding
fragments, are one of the most important tools in biological
research, diagnostic applications, and disease therapy. The
traditional method of antibody identification by testing of
individual clones of hybridomas is laborous and inefficient.
More advanced approaches, including in vitro selection from
libraries of antigen-binding fragments of antibodies, simplify
the production of antibodies, and allow to select antibodies
that have certain properties, for example, the ability to block
specific interactions between a receptor and its ligand. Among
the methods of selection in vitro, phage display technology has
become the most widely used, as it allows to create libraries
of antigen-binding fragments relatively quickly and with high
reliability. This method is based on production of genetically
modified phage particles exposing antigen-binding sites of
antibodies on their surface. Selection involves incubating a
mixture of phage particles with an immobilized antigen. After
washing and elution, bound variants of phage particles are
propagated in permissive bacteria, followed by the selection of
individual variants that are most abundant in the mixture [1].
One of the drawbacks of the method is the requirement to
clone the repertoire of fragments encoding the antigen-binding
fragments into a special phagemid and then to obtain a pool of
transformed cells to produce libraries of phage particles. This
stage is considered to be the bottleneck of the method, limiting
the diversity of the resulting libraries. As a result, rare variants
of antibody fragments may be lost before the beginning of the
selection process [2]. Another disadvantage follows from the
very structure of traditional antibodies, in which the binding of
the antigen is carried out by the interaction of antigen-binding
sites located on two separate polypeptide chains. When creating
clonal libraries, the probability that the antigen-binding regions
of the heavy and light chains of a certain immunoglobulin will
be joined in one single-chain scFv antigen-binding fragment
is extremely low due to the randomness of the combinatorial
process. As a result, the final mixture contains mostly inactive
combinations of sections of heavy and light chains, which
significantly complicates the selection of scFvs with the desired
properties.

To overcome the drawback associated with the need
to transform bacteria, there have been developed several
modifications of the method, that are based on selection in
cell-free conditions, in particular, a ribosome display. This
method is based on a coupled cell-free transcription and
translation system, where complexes consisting of transcripts
(mRNA), ribosomes, and growing protein chains corresponding
to the repertoire of antigen-binding regions of antibodies are
subjected to affinity selection on the immobilized antigen. Bound
variants are amplified by RT-PCR, resulting in an enrichment
of the desired variants [3]. Although the initial diversity of the
repertoire when using this method is much higher, selection is
often biased towards variants of antigen-binding sites that are
most easily amplified in PCR [4]. It can be assumed that by
combining the methods of ribosome and phage display it will be
possible to overcome the weak spots of both methods and to
increase the overall efficiency of selection. In this case, it would
be possible to preliminarily select variants in a cell-free system,
achieving enrichment with high-affinity variants, and then clone
the resulting repertoire of fragments into a phagemid and carry
out the final selection using phage display.

Animals of the camelid family possess, in addition to
antibodies of the traditional structure, antibodies consisting
only of heavy chains of immunoglobulins (variable heavy-heavy,
VHH antibodies) [5]. This type of antibodies was formed as
a result of a mutation in the hinge region of the heavy chain,

which resulted in the deletion of the heavy and light chain
binding site. To compensate for the absence of the antigen-
recognizing region of the light chain, the VH domains of such
antibodies have longer CDR3 regions, which ensures high
affinity and specificity for the recognition of antigens. Antibodies
of this structure make it possible to obtain compact antigen-
recognition sites. The process of in vitro selection of VHH
antibodies is more efficient due to the lacking stage of random
joining of two polypeptide chains, as the resulting libraries are
devoid of inactive combinations. VHH antibodies are already
widely used for in vitro selection by phage display, and several
products were already created on their basis for diagnostic
applications and disease treatment [6].

The aim of this work was to select for VHH antibodies to
the tumor marker PDLIM4 from the immune library of alpaca
antibodies with different selection methods. We wanted to
test whether the combination of ribosomal and phage displays
allows for more efficient selection of sequences of antigen-
binding fragments with high affinity and specificity.

METHODS
Animal immunization

The source of biological material (blood) was the alpaca
(Vicugna pacos) of the camelid family. 700 pg of purified PDLIM4
protein was dissolved in complete (for primary immunization)
or incomplete (for repeated immunizations) Freund's adjuvant
(Pierce; USA) according to the manufacturer's protocol.
Immunization of alpaca was carried out in three stages (primary
and two boosts, with an interval of 3 weeks) by intramuscular
injection into the thigh of the hind leg of the animal. 4 weeks
after the last boost, 100 ml of heparinized blood was collected.
Peripheral blood mononuclear cells (PBMC) were isolated
by centrifuging with a 1.077 Ficoll solution (PanEco; Russia)
according to a standard protocol.

RNA isolation, cDNA synthesis and PCR

Total RNA was exctracted from PBMC cells using ExtractRNA
reagent (Evrogen; Russia)

in accordance with the manufacturer's recommendations.
The mRNA molecules encoding VHH fragments were used to
prepare the cDNA with the CH2-IgG-sp rev primer (Table) using
the ProtoScript cDNA kit (NEB; USA). Further amplification
was carried out using high-precision polymerase Tersus
(Evrogen; Russia) and primers AlpVHHS3 uni fwd, AlpVH4 uni
fwd, AlpVH3 uni fwd, AlpVHH-R1 and AlpVHH-R2 for creating
libraries containing collections genes VH3, VHH3 and VH4, or
with primers AlpVHH3 uni fwd, AlpVHH-R1 and AlpVHH-R2 to
create a library containing only genes from the VHH3 family (Table).

Construction of expression cassetes for selection
by ribosome display

Linear expression cassetes were prepared by performing
bridge-PCR with Ck gene fragment, which was amplified
with  primers Flag-Ck (CGGATCCGGATTACAAGGAC
GACGACGATAAGACTGTGGCTGCACC) and Ck/for 4
(AACACTCTCCCCTGTTGAAGCT); and a set of VHH fragment
sequences. Bridge-PCR was performed with primers RD1x
(GGATCCTAATACGACTCACTATAGGGAACAGACCACCATGT
CTAG) and Ck/for 4. Resulting DNA fragments were isolated
from agarose gel using the Cleanup standard (Evrogen; Russia)
reagent kit and used for ribosome display selection.
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Preparation of phagemid libraries
for phage display selection

Phagemid libraries were prepared by cloning the amplified VHH
sequences into a modified pHEN2-XB phagemid containing the
restriction sites Xbal and BamH| between the sequences of the
periplasmic localization signal PelB and c-Myc epitope at the
indicated restriction sites, using Xbal and BamHI-HF restriciton
endonucleases (NEB; USA) n T4 DNA Ligase (NEB, USA).
Phagemid libraries weretransduced into TG-1 electrocompetent
cells using the Genepulser (Bio-Rad; USA) electroporator.

Selection with ribosome display

Selection was carried out according to the method described
elsewere [7]. Briefly, the TNT T7 Quick for PCR (Promega;
USA) in vitro transcription-translation kit was used, 20 pl of
the mixture and 100 ng of expresson constructs were taken
for the reaction. The target (PDLIM4 fragment, amino acids
111-224, corresponding to the linker region between the LIM
and PDZ domains) was immobilized by the C-terminal biotin
on hydrophilic streptavidin magnetic microspheres conjugated
to streptavidin (NEB; USA) in an amount of 100 ng per 5 pl
of microspheres; microspheres treated with biotin were used
for counter-selection. Restoration of a full-size cassetes after
each selection round was performed with OneTag Onestep
RT-PCR kit (NEB; USA) and HSTaq polymerase (Evrogen;
Russia) using primers RD1x, RT1 (ACTTCGCAGGCGTAGAC)
and Kc/for 9 (AACACTCTCCCCTGTTGAAGCTCTTTGTGAC

Table 1. Primer sequences used for amplification of VHH fragments
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GGGCGAGCTCAGGCCCTGATGGGTGACTTCGCAGGCG
TAGACTTTG). Selected constructs were cloned directly after
reverse transcription step using Xbal and BamHI-HF restriciton
endonucleases (NEB; USA).

Phage display selection

Selection was carried out according to the published protocol
[8] using an antigen immobilized in accordance with the
description given above, without the counter-selection step.

Production of soluble forms of VHH fragments

Individual clones of TG-1 cells identified after selection were
used to obtain bacteriophage preparations, which were
then transduced to HB-2151 cells cultured in M9 medium.
Transduced cells were cultured on solid medium in the
presence of ampicillin, after which individual colonies were
used to obtain soluble protein in a liquid medium in accordance
with the protocol [9]. Purification was performed using Ni-NTA
magbeads (Cube Biotech; Germany) as recommended by the
manufacturer.

Evaluation of library enrichment during ribosome and
phage displays

For phage display, the assessment was carried out in
accordance with the published protocol [8]. Wells of an
immunological plate with sorbed PDLIM4 (111-224 aa) or

GAACAGACCACCATGTCTAGASAGKTGCAGSTSGTRGAGTCTGKGGGAGG
GAACAGACCACCATGTCTAGASAGGTGCAGSKGCAGGAGTCGGGCCCAGGC
GAACAGACCACCATGTCTAGASARKTGCRRSTSGTRGAGWCYGKGGGRGG
CCTTGTAATCCGGATCCGGTTGTGGTTTTGGTGTCTTGGG
CCTTGTAATCCGGATCCGGGGGGTCTTCGCTGTGGTGCG
GGTACGTGCTGTTGAACTGTTCC

AlpVHH3 uni fwd
AlpVH4 uni fwd
AlpVH3 uni fwd
AlpVHH-R2
AlpVHH-R1
CH2-1gG-sp rev

RT-PCR
amplification or
VHH sequences

Bridge-PCR
to add promoter sequence
and Ck spacer

N VHH D — S VHH TS

Selection
with ribosome

display

display Cloning of
selection selected VHH
sequences into
phagemid VHH
Xbal BamHI

Production of selected VHH clones in
soluble form fused with c-Myc epitope
and testing of their binding properties in

ELISA

VHH

Fig. 1. Schematic representation of selection process combining ribosome and phage display
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bovine serum albumin (control) were treated with preparations of
phage particles displaying VHH fragments, obtained after each
round of selection. Detection was performed using horseradish
peroxidase-labeled antibodies to phage M13 (Sino Biological;
China; cat. 11973-MMO5T-H). For selection using the ribosome
display, instead of phage particles, mixtures of mMRNA-
ribosome—protein complexes were obtained using in vitro
transcription-translation kit TNT T7 Quick for PCR (Promega;
USA). Detection was performed using antibodies to the Flag
epitope labeled with horseradish peroxidase (Proteintech; USA;
cat. HRP-66008).

Evaluation of the binding capability of individual variants
of VHH fragments

The wells of immunological plate were coated either with
PDLIM4, or with total protein extracts obtained from MBA-
MB-231 and T47D cell lines in accordance with standard
protocols, in an amount of 10 pg of cell extract per well. Next,
wells were treated with preparations of purified VHH fragments,
obtained according to the procedure described above; detection
was performed using biotinylated antibodies to the Myc epitope
(SciStoreLab; Russia; cat. PSMO0O3BN-100) and streptavidin
conjugated with horseradish peroxidase (R&D Systems; USA,
cat. DY998). To obtain statistically reliable results, each reaction
was reproduced in three independent replications.

RESULTS

Many studies on the selection of VHH fragments for various
targets are based on the use of a single primer set developed
over 15 years ago for amplifying VHH sequences [10]. Since
then, the alpaca and llama VHH3 genome locus has been

studied using deep sequencing and the sequences of all of
its genes have been determined [11]. In addition, it has been
reported that some genes of the VH4 and VHS loci can also
participate in formation of mature VHH antibodies. We collected
all known sequences of the VH3, VHH3 and VH4 genes, and
made a set of primers for amplifying all members of each of
the gene families (Table). For reverse primers, we used well-
proven sequences corresponding to unique hinge regions of
VHH antibodies. Each primer variant was tested in PCR on
alpaca cDNA generated using a primer on the CH2 region of
the immunoglobulin heavy chain, which is common to VHH
antibodies and antibodies of traditional structure. Sequencing
of individual clones showed that each of the primer variants
specifically amplifies the sequence variants belonging to the
corresponding family.

Each additional stage of amplification of the library of
VHH fragments leads to a change in the representation of the
variants and the leaching of rare sequences from it. To avoid
reducing the quality of libraries when combining ribosome
and phage displays, we modified the pHEN2 phagemid and
introduced restriction sites into primers to create ribosome
display constructs, which allowed us to directly clone the VHH
fragments into the phagemid library (Fig. 1).

In order to check whether the combination of two selection
methods can lead to an increase in its efficiency, two libraries of
VHH fragments were constructed from a common initial alpaca
cDNA: library 1 consisted solely of sequences belonging to the
VHHS family, library 2 consisted of sequences included in the
VH3, VHH3 and VH4 families. Each library was cloned into a
phagemid, and also used to generate a linear construct for
selection in a cell-free system. Phage libraries were subjected
to three rounds of selection, and libraries of linear constructs
after the first round of selection by ribosome display were

A B
2.5 2
[l VHHS3 only W VH3 + VHH3 + VH4 [l VHH3 only W VH3 + VHH3 + VH4
2 8
15 6
1 4
0.5 2
0 Round 1 Round 2 Round 3 0 Round 1 Round 2 Round 3
C D 15
Ribosome display
14 B Phage displ
1, M VHH3 only B VH3 + VHH3 + VH4 age dispiay
10 M Ribosome + phage display
10
8
5
= =5 I
0

Round 1 Round 2 Round 3
Ribosome phage phage
display display display

Round 1 Round 2 Round 3

Fig. 2. Enrichment of libraries of VHH fragments during selection: with ribosome display (A); with phage display (B); with combination of ribosome and phage display

(C). Comparison of enrichment by all methods for VHHS library (D)
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Fig. 3. Comparison of binding properties of five selected VHH fragments in ELISA

divided into two parts: one was subjected to two more rounds
of selection, and the second was cloned into phagemid and
selected by phage display. After each round, the level of
enrichment of affinity fragments was estimated for each library
using direct ELISA against negative control (BSA) and the target
(PDLIM4 protein linker region). The ratios of signals obtained in
the reactions vs control were used to assess the presence of
desired VHH sequences in the library (Fig. 2).

The results showed that the library, consisting solely of
sequences of the VHH3 family, demonstrated high rates of
enrichment with affine variants in all three selection modes.
Based on this, we can conclude that the VH3 and VH4 families
do not make a significant contribution to the formation of a
variety of single-chain VHH antibodies, and their inclusion in the
resulting library is impractical. If we compare the efficiency of
selection with different methods from the library of sequences
of the VHH3 family, the selection in the ribosomal display was
much less effective than in the phage display. On average,
enrichment from round to round was 26.45% for ribosomal
and 220.4% for phage displays. At the same time, the use of a
combination of selection methods made it possible to increase
the average enrichment to 355%.

After three rounds of selection using the phage display
and the combined method, 35 individual clones were isolated
and analyzed from the final enriched libraries. Contrary to
expectations, the variety of sequences in the final library after
combined selection was higher than after selection using the
phage display method — 18 different types of sequences were
found, while in phage selection there were only 11.

To assess specificity and affinity of interactions between
selected VHH fragments and the target, five most represented
variants obtained after the combined selection were expressed
as monomers in strain HB-2151; purified using affinity
chromatography and tested by ELISA. The target was either
the PDLIM4 antigen preparation (the central part of the protein,
unique to this member of the PDLIM family), or the total protein
extracts of the MDA-MB-231 and T47D cell lines characterized
by the normal and knockout status of the PDLIM4 gene [12],
respectively (Fig. 3).

The experimental results showed that all five variants of
VHH fragments are capable to specifically bind the PDLIM4
protein. Variant VHH-R53 possess the maximum specificity in
the experiment with purified PDLIM4 protein, but at the same
time, it intensely stained a PDLIM4-negative sample of the
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protein extract from T47D cells. VHH-R08 had a slightly worse
specificity when tested on the purified protein preparation, but
showed the greatest difference in signals in experiments with
total protein extracts.

DISCUSSION

Regardless of the method of selection used, we observed
differences in the dynamics of the enrichment of functionally
active VHH fragments. It can be assumed that the proportion of
VHH antibodies for the VH3 and VH4 gene families is insignificant,
and that the combined library may contain a large number of
defective variants of VH fragments that could specifically bind
the antigen only in conjunction with the VL fragment and make
selection difficult. Perhaps some tasks may require the use of
such a combination of VHH and VH fragments. For example,
since the framework structure of antibodies of the VH4 family
of alpaca is very similar in structure to human antibodies,
such antibodies are well suited for further humanization [13].
However, for routine selections, it is preferable to use a library
containing only members of the VHH3 family.

The relatively low selection efficiency when using a ribosome
display can be attributed to two factors: the use of too mild
washing conditions that prevent the removal of low-affinity
sequences, or the systematic cross-contamination of libraries
with DNA fragments that are not completely removed at the
stage of preparation of functional units of the library. At the
same time, it should be noted that the use of more stringent
conditions for the selection and DNA removal can lead to
the destruction of the target complexes of mMRNA-ribosome—
protein. It seems that further optimization of the conditions of
this selection method can increase the efficiency of selection,
but it is unlikely to improve the result qualitatively. Interestingly,
although in the combined selection method, the efficiency of
the first round, which used the ribosome display, was relatively
low (837% enrichment versus 97% in the first round of phage
display), the final efficiency of the combined selection was
improved dramatically. Probably, this combination made it
possible to increase the representation of most capable variants
of VHH fragments at the library cloning stage into a phagemid,
while the “parasitic” sequences that persisted from round to
round when selected in the ribosome display were removed
during the subsequent round of phage display. As a result,
the combined selection method led to the elimination of the
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bottleneck which is characteristic of the phage display method.
This is also supported by the greater variety of different VHH
fragments found as a result of combined selection.

The selected variants of VHH fragments demonstrated
high specificity for the PDLIM4 protein in in vitro experiments.
However, in experiments with total protein extracts of
cells, some variants, apparently, were able to bind to other
proteins of the PDLIM family. For purpose of detecton of
the status of intracellular PDLIM4, the most promising is the
selected variant VHH-RO08, for which non-specific binding
was minimal.

[t can be concluded that the developed for combined
selection method makes it possible to achieve better results,
without increasing labor costs and selection time, whithout the
requirement to introduce additional amplification stages when
constructing phagemid libraries.
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DETECTION OF SER450LEU MUTATION IN RPOB GENE OF MYCOBACTERIUM TUBERCULOSIS
BY ALLELE-SPECIFIC LOOP-MEDIATED ISOTHERMAL DNA AMPLIFICATION METHOD

Filipenko ML=, Oscorbin IP', Khrapov EA', Shamovskaya DV', Cherednichenko AG?, Shvartz YaSh?

" Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia
2 Novosibirsk Tuberculosis Research Institute, Novosibirsk, Russia

To identify genetic mutations a rather time-consuming and expensive method of polymerase chain reaction (PCR) is widely used. The aim of the present work
was to evaluate the possibility of using the two schemes of the method of allele-specific isothermal loop amplification (LAMP) to detect the TCG/TTG (S450L)
mutation in the rooB gene of Mycobacterium tuberculosis. 48 clinical isolates of M. tuberculosis and 11 samples of sputum were used, randomized and obtained
in the microbiological laboratory of the city of Novosibirsk from incident patients. It is shown that the use of an analysis scheme using the allele-specific primer FIP
compared to F3 has the best resolution: the difference between the amplification time of the mutation and the wild type allele was 22 + 2,4 versus 13 + 4,1 minutes
(p = 0,0011). When using 100 DNA genomic equivalents a true positive signal (amplification of the nrooB gene with a mutation using the corresponding allele-specific
primer) was detected after 29,4 + 3,4 minutes. A positive signal was visualized after adding SYBR Green | to the reaction, both when illuminated with daylight and
when using a UV transilluminator. Using the developed method the DNA sample of 20 RIFF isolates from M. tuberculosis was analyzed containing the Ser450Leu
mutation in the rpoB gene, 10 RIF isolates containing other mutations in the rooB gene and 18 RIFs isolates without any mutations; the presence of mutations in
the samples was determined using classical Sanger sequencing. The sensitivity and specificity of LAMP for detecting a Ser450Leu mutation in the rpoB gene was
100%. This approach allows the use of crude lysates of mycobacteria as DNA, which reduces the total analysis time to 1,5 hour.
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BbIABNTIEHUE MYTALIMN SER450LEU B TEHE RPOB MYCOBACTERIUM TUBERCULOSIS
METOAOM AJNENb-CNELU®NYHON U3OTEPMUYECKOW METEBOV AMIMIMOUKALUN OHK

M. 1. dunmnerko' =, . T1. OckopbuH', E. A. Xpanos', 1. B. LLlamosckas', A. I. YepeaHuderko?, 4. LL. LLsapL?

T IHCTUTYT XMmMYeckoin Gronorim n dyHaameHTansHo megunumnHsl CO PAH, HoBocnburpek, Poccust
2 HoBOCMOMPCKMIA Hay4YHO-MCCneaoBaTeNbCKU MHCTUTYT Tybepkyneaa, Hosocnbupck, Poccus

[Nns BbIABNEHWS FEHETUHECKNX MyTauuii LUMPOKO MCMOMB3YIOT AOCTATOYHO TPYAOEMKUA 1 AOPOrOCTOALLMIA METOA, NONAMMepasHon uenHor peaxuumn (MLP).
Llenbto paboTbl 66110 OLEHUTL BO3MOXHOCTb MPYMEHEHNSA ABYX CXeM MeToAa anneb-Crneumnhr4HOn N30TepMnHecKor netneBon amnnndrkaummn (loop-mediated
isothermal amplification, LAMP) ansi BeisisneHust mytaumm TCG/TTG (S450L) B reHe rpoB Mycobacterium tuberculosis. Vicnonb3osanv 48 KNMMHUHECKNX U30NSTOB
M. tuberculosis n 11 06pa3LoB MOKPOTbI, BbIGpaHHbIX ClyHaliHbiM 00pa3oM 1 MosyHeHHbIX B MUKPOBKoorndeckor nabopatopun r. Hosocrbupeka oT nauyeHToB
C BrepBble BbIABEHHbIM 3ab0neBaHneM. NokasaHo, HTo MPUMEHEHVE CXeMbl aHanM3a C MCMoNb30BaHeM annenb-cneundmnyHoro npanvepa FIP no cpaBHeruo
¢ F3 vMeeT nyylyto paspellaroLLlyto CroCOBHOCTL: pasHuLa MeXay BpeMeHeM amnamdvkaumn MyTauum 1 annens aMkoro Tuna coctaBuna 22 + 2,4 npoTvs
13 £ 4,1 muH (p = 0,0011). Mpn ncnonedosaHum 100 reHoM-akBMBasieHToB [JHK MCTUHHO MONOXUTENBHBIN CUrHaN (aMnandurkaums reHa rpoB ¢ myTaumein npu
1ICMONb30BaHNy COOTBETCTBYIOLLIErO annenb-crneumdmn4eckoro npanvepa) Aetektnposancs nocne 29,4 + 3,4 MuH. MonoxXuTeNbHbI CUrHan BU3yannanpoBasncs
nocne nobasnerHunst B peakumto SYBR Green |, kak npu ocBeLleHn AHEBHBIM CBETOM, TaK 1 NPU UCMONb30BaHWUN TpaHcunntoMmHatopa ¢ YO-unsnydeHnem. C
MOMOLLBIO paspaboTaHHOro Hamn MeTofa Oblna NpoaHanmavpoBaHa Beibopka OHK 20 RIFF nsonatos M. tuberculosis, Hecylumx MyTaumo Serd50Leu B reHe rpoB,
10 RIF? n301410B, HECYLLMX Apyrie MyTauum B reHe rpoB, a Takke 18 RIFS 130n1sToB 663 MyTauuii; Hanndmne MyTauuii B obpasLiax 6110 onpeaeneHo ¢ NoMOLLbIO
KNacCU4eckoro cekBeHnpoBanmnst no CeHrepy. YyBCTBUTENBHOCTb 1 creumdmdHocTs LAMP ans BbisineHnst mytaumm Ser450Leu B reHe rpoB coctasunm 100%.
[aHHbI NoaxoA No3BoNsSeT NCnonb3osaTh B kadectse [HK rpybble nn3aTsl MMKoOaKTepUiA, YTO COKpaLLaeT ToTanbHoe Bpems aHanmaa ao 1,5 4.

KntoueBble cnosa: Mycobacterium tuberculosis, nekapCTeBeHHas yCTONHMBOCTb, MyTaLmK, pyuddamniuuyH, reH rpoB, nsotepmMimnyeckast netnesas amnindvikaums, LAMP
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Through many centuries tuberculosis is among the most
difficult in treatment infectious diseases with high mortality.
Now drug-resistant (DR) isolates of M. tuberculosis are a threat
to public health: they complicate conservative treatment, lead
to patient disability, and the growth and spread of DR-strains
among healthy populations is observed. This determines the
necessity of the development of effective and possibly simple
methods for detecting drug resistance of mycobacteria. One
of the widely used first-line anti-TB drugs in the treatment of
tuberculosis is rifampicin. Resistance to rifampicin is often
considered as a surrogate marker of multidrug resistance (MDR)
of the tuberculosis mycobacterium complex [1]. Rifampicin was
introduced into the phthisiatricians clinical practice in 1972.
It is highly effective against Mycobacterium tuberculosis, the
minimal inhibiting concentration (MIC) of rifampicin is 0,1-0,2 ug/ml
[2]. In combination with isoniazid and pyrazinamide rifampicin
is the base of pharmacotherapy of the tuberculosis infection.

The cell target of rifampicin is the DNA-dependent RNA
polymerase enzyme, which is extremely conservative among
bacteria and archaea. The overwhelming majority of mutations
responsible for rifampicin resistance are localized in three
regions of the rpoB gene, encoding the beta subunit of the RNA
polymerase: cluster | (encodes 512-534 amino acid positions),
cluster Il (5663-574), and cluster lll (687). In 95% of cases,
mutations affect cluster | or the so-called rifampicin-resistance
determining region (RRDR) consisting of 81 base pairs. This
region corresponds to codons 426-452 in Mycobacterium
tuberculosis and 507-533 in Escherichia coli. Traditionally
designated by the E. coli nomenclature mutations in codons
521, 526, 531 and 533 (positions 440, 445, 450 and 452 in
the rpoB gene of Mycobacterium tuberculosis) are the most
common for rifampicin-resistant Mycobacterium tuberculosis [3].

Amino acid substitutions at positions 526 and 531 lead to
resistance to high doses of rifampicin. Amino acid substitution
Ser450Leu (S450L, nomenclature of the Mycobacterium
tuberculosis gene, which will be used in the present article)
dominates among all other substitutions, determining resistance
in 30-70% of rifampicin-resistant (RIFY) isolates (the median is
about 60%) [3]. This makes the S450L mutation (TCG/TTG) the
most significant candidate for the validation of a wide variety
of genetic screening methods for detection of Mycobacterium
tuberculosis resistance to rifampicin [4, 5].

Today, the most commonly used method for detecting
genetic mutations is the polymerase chain reaction (PCR).
This method is simple to perform, and demonstrates enough
reliability. PCR modifications using monitoring of specific
amplicons by detecting accumulation of a fluorescent signal
(real time PCR) make the analysis homogeneous and allow to
avoid additional manipulations with the amplicon extra vitro.
However, PCR is performed using rather complicated and
expensive instruments. This was the reason for the development
of alternative methods of nucleic acids amplifying, primarily
feasible under isothermal conditions [6].

In 2000 the loop-mediated isothermal amplification (LAMP)
method was developed. Initially, the method assumed the use of
two pairs of primers (outer and inner) and DNA polymerase with
chain-displacing activity [7]. Later, the developers introduced an
additional pair of primers to improve the amplification kinetics.

In specificity and sensitivity LAMP (the limit of sensitivity is
around several DNA molecules) is comparable to PCR, and in
some cases takes precedence over it. The increased resistance
of LAMP to the PCR inhibitors was also noted [8]. For the
detection of LAMP results, approaches based on different
principles can be used. First of all it is the measurement of
optical density due to magnesium pyrophosphate formed
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during DNA synthesis [9], or the fluorescence measurement in
response to introduction of the intercalating dyes [9], primer
modification [10] or the introduction of fluorescently-labeled
probes [11], as well as colorimetric detection of metal-sensitive
dyes due to the binding of magnesium ions by pyrophosphate [12].

To date, a significant amount of research has been done on
the development of test systems for detecting Mycobacterium
tuberculosis using LAMP [13]. The Loopamp MTBC Detection
Kit (Eiken Chemical Company Ltd; Japan) based on the LAMP
method has been noted by WHO as a possible replacement for
microscopic examination for the diagnosis of tuberculosis [14].
[t was also recommended as an additional to microscopy test in
the diagnosis of adults with clinical symptoms of tuberculosis,
including the diagnosis of negative according to the results of
microscopy patients. However, the use of LAMP for detection
of mutations of Mycobacterium tuberculosis causing drug
resistance has not yet been described.

The aim of our work was to develop a method for detecting
TCG/TTG mutation (S450L) in the rpoB gene of Mycobacterium
tuberculosis for detection of rifampicin resistance without using
expensive equipment, and also to evaluate the effectiveness
of two types of the allele-specific isothermal loop amplification
(AS-LAMP) design, and to determine the optimal system’s
analytical characteristics on a representative DNA sample of
Mycobacterium tuberculosis isolates.

METHODS
Clinical isolates

Clinical isolates from M. tuberculosis (48 isolates) as well as
11 sputum samples were selected randomly and obtained in
the microbiological laboratory of the Novosibirsk Tuberculosis
Research Institute, Novosibirsk, from the patients living in
the city of Novosibirsk and the Novosibirsk region, who were
examined in 2009-2011. The taking and processing of sputum
was carried out in accordance with the MOH order Ne 109 of
21.03.2003 (edition of 29.10.2009). Criteria for inclusion of
patients in the study: males and females of any age; incident
patients; rifampicin resistance presence. Exclusion criteria: not
a newly diagnosed disease; rifampicin resistance absence.
Rifampicin resistance (40 ug/ml) was determined according to
the absolute concentrations method on a Lowenstein-densen
medium. Isolate resistance to rifampicin was determined in the
BACTEC MGIT 960 fluorometric system (Becton-Dickinson;
USA). Crude lysates as well as DNA from bacterial colonies
of isolates were obtained by heating in 300 pl of buffer
containing 10 mmol of sodium tetraborate (pH 9.5) and 1%
2-methoxyethanol during 10 minutes at 98 °C followed by
centrifugation to precipitate cellular debris.

Sequencing of rpoB gene

For amplification of the 322 nucleotide pairs rpoB gene
fragment the rpoB1 5'-AACCGCCGCCTGCGTACGGT-3'
and rpoB2 5'-GGCCGTAGTGCGACGGGTGCA-3' primers
were used. The reaction mixture of 25 pl contained 65 mmol
of Tris-HCI (pH 8,9), 16 mmol of (NH,),SO,, 3 mmol of
MgCl,, 0,05% Tween-20, 0,2 mmol of dNTP, one unit of Tag-
polymerase (Fermentas; Lithuania), 0,3 pmol of mentioned
above oligonucleotide primers and 1-10 ng of genome DNA
from M. tuberculosis. Amplification was performed in the PTC-
200 amplifier (BioRad; USA) using the following program: 96 °C —
3 minutes, then 35 cycles at 95 °C — 10 seconds, 64 °C —
10 seconds and 72 °C — 20 seconds with final elongation at
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72 °C — 3 minutes. The presence of amplification product
of the required size was checked by electrophoresis in 6%
polyacrylamide gel with visualization of DNA fragments with
ethidium bromide using the UV irradiation. The sequence of
the PCR products was determined at the SB RAS Genomics
Core Facility using the sequencing reagents from the Big Dye
Terminator v3.1 Cycle Sequencing Kit (Life Technologies;
USA) and the capillary electrophoresis unit ABI 3130xI Genetic
Analyzer (Life Technologies; USA) according to manufacturer’s
instructions. Mutations were detected by comparing the
obtained nucleotide sequences with the rpoB gene of
M. tuberculosis (H37Rv) using the Unipro UGENE software
1.11.3 (Unipro; Russia).

Obtaining of standard plasmid samples
carrying frequent mutations

The 505 nucleotide pairs DNA fragment was obtained using
using amplification with oligonucleotide primers cl-rpobU and
cl-rpobR (Table 1) in the following conditions: the PCR reaction
mixture of 50 ul contained the buffer for Tagpolymerase (65 mmol
TrisHCI; pH 8,9; 16 mmol (NH,),SO,; 0,05% Tween-20; 3,5 mmol
MgCl,), 0,2 mmol of dNTPF, 10 ng of genome DNA from
Mycobacterium tuberculosis H37 Rv or DNA isolate with
a TCG/TTG (S450L) mutation in the rnpoB gene, one activity
unit of Tag-polymerase (Biosan; Russia). Amplification was
performed in the Tercyc amplifier (DNA-Technology; Russia)
according to the following program: 3 minutes at 95 °C for
initial denaturation, then 34 cycles: 10 seconds at 95 °C for
denaturation, 10 seconds at 60 °C for primer hybridization,
20 seconds at 72 °C for elongation. Amplification products
were hydrolyzed with restriction endonucleases Hind Il and
BamHI (Sibenzyme; Russia) ligated with the pBluescript Il SK

(+) vector that was hydrolyzed with the same endonucleases,
during 8 hours with 100 activity units of T4 DNA-ligase (Biosan;
Russia). Using the ligase mixture competent cells from E. coli
of the XL1Blue strain (Stratagene; USA) were transformed. In
plasmid clones selected from the results of restriction analysis,
to confirm the structure, the nucleotide sequence of the insert
was determined by Sanger sequencing. Sequencing was
performed in the ABI 3130XL GeneticAnalyzer automatic
sequencer (Applied Biosystems; USA) using the BigDye 3.1 kit
(SB RAS Genomics Core Facility; Russia). Plasmid recombinant
DNA pRPOB-M and pRPOB-W were isolated from 50 ml of
night culture in LB medium using the QIAGEN Plasmid Midi Kit
(QIAGEN; Germany) according to manufacturer’s instructions.

The concentration of the obtained standard plasmid DNA
was determined by spectrophotometry and fluorometry using
the Qubit™ BR kit (Invitrogen; USA). Then 2 pg of DNA were
subjected to hydrolysis by Hindlll restriction endonuclease for
linearization. The resulting linear standards were diluted to
concentration of 105 and further to concentration of 5 x 10?
plasmid DNA copies for 1 pl in sterile buffer, containing 10 mmol
of Tris HCI (pH 7,6) and 5 ng/ul of lambda phage DNA.

The DNA concentration in the obtained standards was
refined using digital PCR in the QX100™ Droplet Digital™
PCR System (Bio-Rad; USA) according to manufacturer’s
instructions. To do this, 20 pl of PCR mixture containing the test
DNA (about 10° per 20 pl), 1 x PCR mixture (Bio-Rad; USA),
300 nmol olygonicleotide primers Bla-U, Bla-R and 100 nmol
TagMan Bla-P probe for beta-lactamase gene amplifying (Table 1)
were prepared. To obtain microdroplets, 20 pl of the prepared
PCR mixture and 70 pl of oil needed to generate droplets were
placed in the corresponding wells of the DG8 cartridge. Then,
40 pl of the obtained microdroplets were transferred to a 96-
well PCR plate, sealed with foil and placed in an amplifier.

Table 1. List of oligonucleotide primers and fluorescently labeled probes used in present study

Name Nucleotide sequence
AS-FIP design
1 450-F3 5'-CCAGAACAACCCGCTGTCG-3'
2 450-B3 5'-TGACCCGCACGTACACCGACA-3'
3 | 450a-FIP-M 5'-GGACCTCCAGCCCGGCACACCCACAAGCGCCGACTGCT-3'
4 | 450a-FIP-W 5'-GGACCTCCAGCCCGGCACACCCACAAGCGCCGACTGGC-3!
5 | 450a-FIP-rpoB 5'-GGACCTCCAGCCCGGCACACCCACAAGCGCCGACTG-3!
6 | 450a-BIP 5'-TGCACCCGTCGCACTACGGGCCGATCAGACCGATGTTGG-3'
7 | 450a-LF 5'-CCGATCGAAACCCCTGAGG-3'
8 | 450a-LB 5'-CACGTGACAGACCGCCG-3'
AS-F3 design
9 | 450b-F3m 5'-CCACAAGCGCCGACTGCT-3'

10 | 450b-F3w

5'-CCACAAGCGCCGACTGGC-3'

11 | 450b-FIP 5'-CACGTCGCGGACCTCCAG-GCGCTGGGGCCCGGC-3!
12 | 450b-BIP 5'-ACCCGTCGCACTACGGC-GATCAGACCGATGTTGGGC-3'
13 | 450b-B3 5'-CGTACACCGACAGCGAGC-3'

14 | 450b-531-LF

5'-CCGATCGAAACCCCTGAGG-3'

15 | 450b-LB 5'-CCCGGCACGCTCACGT-3'

16 | cl-rpobU 5'-GAAGGATCCACCATCGAATATCTGGTC-3'

17 | cl-rpobR 5'-AAGCTTCTCCTCGTCGGCGGTCAGGT-3'

18 | Bla-U 5'-CGTCGTTTGGTATGGCTTCATTC-3'

19 | Bla-R 5'-AGGACCGAAGGAGCTAACCG-3'

20 | Bla-P 5'-HEX-CGGTTCCCAACGATCAAGGCGAG-BHQ2-3'
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The following amplification program was used: 96 °C —
10 minutes, then 50 cycles 96 °C — 15 seconds, 60 °C —
40 seconds, with final warming up during 10 minutes at 98 °C.
After that, the droplets were read using the Droplet Reader
unit, the obtained data was processed using the QuantaSoft
software (Bio-Rad; USA).

Loop-mediated isothermal amplification

The reaction mixture with a volume of 20 pl contained 1x
reaction buffer (pH 8,0) for Bst-polymerase (New England
Biolabs; USA), 0,2 umol of each outer primer (F3/B3), 0,4 pmol
of each loop primer (LF/BF), 1,2 umol of each inner primer (FIP/
BIP), sequences of which are represented in Table 1, DNA matrix
(1000 plasmid copies or 0,5-2 ng of mycobacterial DNA isolate
for one reaction mixture), 2 activity units of Gss-polymerase from
Geobacillus sp. 777 [15]. In the case of using LAMP in the real
time mode the SYTO-9 intercalating dye bringing concentration
to 2 pymol was added [16]. The reaction was carried out in the
CFX 96 amplifier (Bio-Rad; USA). The program included the
following stages: primer annealing and elongation at 60 °C
for 80 minutes with recording of the fluorescence signal once
a minute on the FAM channel; determination of the melting
point of amplification products in the range of 75-95 °C after
amplification for specificity analysis. To evaluate the isothermal
amplification results the Tt (time-to-threshold — time needed
by the accumulation curve of the ampilification product to
intersect the threshold value) parameter was used. All LAMP
reactions were performed in three iterations, the table shows
the mean values together with standard deviations for them.

A F3

F2 ©F1
T

OPUT'MHAJIbHOE NCCJIEQOBAHWE | JIABOPATOPHAA OVATHOCTUKA

RESULTS

We used two previously described [17, 18] schemes for the
design of allele-specific isothermal loop amplification (AS-
LAMP) (Fig. 1). According to the first scheme, the detection of
a mutation or a wild type allele is carried out using two allele-
specific FIP primers. In the second scheme, allele-specific
LAMP is initiated from a mutation-specific F3 primer. At the
initial stage, we used plasmids with a cloned wild type rpoB
fragment and a fragment containing the mutation as a matrix for
working out the conditions. To optimize the reaction pS450L-M
or pS450L-W with a concentration of 1000 copies per reaction
served as a matrix for AS-LAMP. All optimization reactions
were performed together with monitoring the accumulation of
isothermal amplification products in real time using the SYTO9
intercalating dye. As the main parameter for optimization, the
mutation discrimination index was used, which was defined as
the difference in Tt for wild-type DNA and for mutant DNA when
using the set of primers, including the allele-specific primer (AS-
FIP or AS-F3), for ampilification.

In model experiments with the plasmid DNA, we have
shown that the use of an analysis scheme using the allele-
specific primer FIP compared to F3 has the best mutation
discrimination index: the difference between the amplification
time of the mutation and the wild type allele was 22 + 2,4
versus 13 + 4,1 minutes (Fig. 2). Use of non-parametric U-test
(Mann-Whitney U-test) showed that the resulting discrimination
indexes demonstrate the statistically significant difference
(o = 0,0011). When using 100 DNA genomic equivalents a true
positive signal (amplification of the rpoB gene with a mutation

B2 B3

I Bic

B1

@ — Mutation

Fig. 1. Schematic illustration of the different principles of allele-specific isothermal loop amplification (AS-LAMP): allele-specific primer FIP (A), allele-specific primer F3 (B)

Amplification

RFU (10"3)

Cycles

Fig. 2. Fluorescence accumulation curves for AS-LAMP products. Curves marked by circles correspond to FIP-AS-LAMP, marked by crosses — to F3-AS-LAMP
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Fig. 3. Detection of TCG/TTG (S450L) mutation of the rpoB gene by AS-LAMP method with visualization of amplification products by adding the SYBR Green |
intercalating dye in natural light (A) and with the 280 nm UV illumination (B). Samples 1, 4, 5 contain a mutation, 2 and 3 — contain no mutation, they were amplified
with mutation-specific primer, tubes marked with «K» were amplified with norm-specific primer

Table 2. The range of rpoB gene mutations of the Mycobacterium tuberculosis isolates detected by Sanger sequencing and the results of a TCG/TTG (S450L) mutation

detection using AS-LAMP

Ne Mutation Sequencing AS-LAMP
1 No mutation 18 18
2 Ser450Leu (TCG->TTG) 20 20
3 His445Leu (CAC->CTC) 4 0
4 His445GIn (CAC->CAA) 1 0
5 Asp440Val (GAC->GTC) 3 0
6 Asp440Asn (GAC->AAC) 1 0
7 Asp440His (GAC->CAC) 1 0

when using the corresponding allele-specific primer) was detected
after 29,4 + 3,4 minutes.

We also made an attempt to improve the mutation
discrimination index by changing the concentration of betaine,
as well as by adding dimethylsulfoxide (DMSQO) which has the
ability to increase the standard PCR specificity 19]. The optimal
betaine concentration was 0,75 mol, adding DMSO did not
improve the discrimination and even slightly increased the
overall response time.

A positive signal was reliably visualized after adding SYBR
Green | (at a concentration of 1: 1000 of commercial dye) to the
reaction, both when illuminated with daylight and when using
a UV transilluminator (Fig. 3). For further diagnostic validation,
two reactions were performed for each test sample: the first
one was AS-LAMP using the 531-FIP-M primer for mutation
detection, the other one was using the 531-FIP-rpoB primer for
Mycobacterium tuberculosis DNA detection. Reactions were
performed either in a thermostat at 65 °C for 40 minutes with
visualization of the reaction result using SYBR Green | or in real
time (see the “Metods” chapter).

Using the developed method the DNA sample of 20 RIFR
isolates from Mycobacterium tuberculosis was analyzed
containing the Ser450Leu mutation in the rpoB gene, 10 RIF®
isolates containing other mutations in the rpoB gene (especially
in His445 and Asp440 codons) as well as 18 RIF® isolates
without any mutations; the presence of mutations in the
samples was determined using Sanger sequencing (Table 2).
All tested samples were identified correctly, sensitivity and
specificity of LAMP for detecting a Ser450Leu mutation in the
rpoB gene was 100%.

The use of AS-LAMP on a small sample of 11 DNA samples
from the sputum of patients with active bacteria excretion

showed complete concordance with the Sanger sequencing
results (4 samples containing a mutation and 7 samples with
no mutation).

Using human DNA as a matrix did not produce a sinificant
signal.

[t has been shown that analysis can be performed on
crude lysates of bacterial cells. In this case, the total time of
the analysis, starting from a biological sample, may not exceed
1,5 hour, given the fact that obtaining of crude mycobacterial
lysates takes no more than 15-30 minutes.

DISCUSSION

In the past few years, several approaches have been proposed
to identify single nucleotide DNA replacements using the
LAMP method. All of them use allele-specific hybridization
with amplification products [20, 21], allele-specific primers
[22, 23] as well as the oligonucleotides selectively blocking the
amplification of the studied structural variants [24].

Allele-specific polymerase chain reaction (AS-PCR) is
one of the most widely used methods for DNA mutations
detection [25]. Classical AS-PCR variant implies the use of two
allele-specific primers, in which the 3'- terminal nucleotide is
complementary to the polymorphic nucleotide, and the third
common primer. The method is based on the difference in
the efficiency of paired and unpaired 3'-nucleotide elongation
by DNA polymerase. Under ideal conditions (with complete
elongation inhibition), this should lead to the absence of the
amplification product in reaction with the primer to a mutation
on the wild type DNA matrix.

To improve discrimination of products with “mutant” and
“normal” DNA, the use of additional unpaired nucleotides at the
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3'-end of the primer (at the -2, -3 or -4 position) is widely used
for further destabilization of the duplex in order to reduce the
efficiency of DNA polymerase elongation. We suggested that
when elongating allele-specific primers with a chain-displacing
DNA polymerase, a similar principle can be used. For the
design of allele-specific primers, we chose the approach that
was described in 2004. [26]. The authors proposed to increase
the discrimination of the mutant allele by introduction of the
second unpaired nucleotide at the -2 position of the allele-
specific primer, as well as a simple set of rules for choosing
the type of this base to achieve the maximum effect. Using
these recommendations, we synthesized two fundamentally
different sets of AS primers for isothermal loop amplification:
the first one corresponds to FIP primer, the other one — to
F3 primer.

Optimization of the detection of the TCG/TTG mutation
(S450L) in the oB gene of Mycobacterium tuberculosis using
the plasmid control DNA showed the preference of AS-FIP.
Using it, we were able to classify all analyzed DNA samples
of Mycobacterium tuberculosis isolates correctly, including
the negative for TCG/TTG replacement (S450L) DNA samples
carrying mutations in codons 445 and 440, by visual analysis of
the results of isothermal amplification in a standard thermostat
that maintains temperature of 65 °C. AS-LAMP was also
effective in detecting the Ser450Leu mutation of the rpoB gene
in DNA from sputum of patients with known rpoB gene mutation
status. We managed to classify 4 samples with the Ser450Leu
mutation and 7 samples without this mutation correctly. The
proposed approach showed high specificity and sensitivity
to identify the most common Mycobacterium tuberculosis
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EVALUATION OF THE EJACULATE MICROBIOTA BY REAL-TIME PCR AND CULTURE-BASED TECHNIQUE

Voroshilina ES'? & Zornikov DL', Panacheva EA™?
" Ural State Medical University of the Ministry of health, Yekaterinburg, Russia
2 Medical Center “Garmonia”, Yekaterinburg, Russia

Among other things male sterility can be caused by inflammatory diseases of the urogenital tract, often associated with opportunistic microorganisms. Thus, it is
necessary to implement modern methods for the detection and identification of opportunistic microorganisms in the urogenital tract. The aim of the work was to
conduct comparative analysis of the ejaculate microbiota from men of the reproductive age and studied using quantitative polymerase chain reaction (PCR) and
culture method. 86 samples of ejaculate collected from men aged 18-57 years after observing sexual abstinence for 3-5 days were examined. With culture study
in 50% of samples we observed growth of gram positive facultative anaerobic bacteria in the amount less than 10° CFU/m; in 16.3% of samples — the growth of
bacteria was not observed. With real-time PCR in each sample 8-15 groups of microorganisms were detected (including the prevailing groups) in the amount of
102-10° GE/m. In all 86 samples obligate anaerobes that cannot not be cultured in vitro were detected. The predominant groups of microorganisms, as determined
by real-time PCR, were detected by the culture metod only in 24.4% of cases.

Keywords: ejaculate microbiota, real-time PCR, culture-based technique
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CPABHUTEJIbHOE UCCNEQOBAHUE MUKPOBUNOTbI 3AKYNIATA METOAOM KOJIMYECTBEHHOW
MNuUP N KYJIbTYPAJIbHbIM METOAOM

E. C. BopotwumnumHa'? = [1. J1. BopHukos', E. A. MNaHavesa'?
" YpanbCkuii rocyfapCTBeHHbIN MEAVILIMHCKUIA YHUBEPCUTET, EkaTtepuHbypr, Poccus
2 MeamUVHCKWIA UeHTP «[apMoHust», EkatepunHbypr, Poccust

OfHOM 13 MPUHMH MY>XCKOrO 6ecnnoans MoryT ObiTe BOCNAMTENbHbIE 3a001eBaHNS YPOreHUTaNbHOro TpakTa, Pas3BUTVE KOTOPbIX B PSAE CyYaeB acCoLMMPOBaHO
C YCNOBHO-MATOreHHbIMN MUKpoopraHamami (YIM). B cBAan ¢ aTnum akTyasnbHa npobnema BHEAPEHVS COBPEMEHHbBIX METOAOB BbIABNEHNSA 1 naeHTUdmkaumm YIM
B YPOreHnTanibHoM TpakTe. Llenbio paboTbl BbI10 NPOBECTV CPaBHUTENBHBIN aHaIM3 PE3YNLTATOB VICCIEA0BAHVS MUKPOOMOTbI SSKYASTa MY>KHMH PEMPOAYKTUBHOMO
BO3pacTa C MOMOLLBIO KOMMHYECTBEHHOW NMonmMMepasHon LenHon peakuun (MNLP) (tect AHgpodnop) n kynstypansHoro Metogda. Viccneposann 86 obpasuos
9AKyNsATa, COBPaHHbIX Y My>K41H B BodpacTe 18-57 net nocne cobntofeHrs NONOBOro BO3AEpKaHMA B TeveHne 3-5 cyTok. [Npu KynsTypanbHOM NCCnefoBaHum B
50% 06pasLoB HabMoLaMM POCT rPaMMONOXKUTENbHbIX (haKyNETaTVBHO aHa3POOHbIX HakTepuii B konmyectse MeHee 10° KOE/Mn; B 16,3% obpasuos — pocTa
6aKTepuin oTMe4eHo He 6bino. Mpu ncnonedosanum MNUP B peansHom Bpemenm (MNLP-PB) B kaxkaom obpasLie Bbigensam 8—15 rpynn MUKPOOPraHn3moB (B
TOM Y1CNe OMpeaensnn npeobnagatoLLyto) B konndectee 10°-10° ['S/mn. Bo Bcex 86 obpasuax Obinm 0OHaPY>KeHbl 0b6nMraTHble aHaspobbl, KOTOpbIe He
KynbTMBMPYOTCS in vitro. Mpeobnagatoliye rpynnbl MUKPOOPraHmamoB, onpegensemblie B MNLP-PB, 6binv BbisiBneHbl KynbTypasibHbiM METOAOM TOSMbKO B
24,4% cny4aes.
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The idea of the sterility of some biotopes, urine and bladder  sulcus of the healthy men's urogenital tract (UGT) [2, 3, 4].
in particular, has changed in a decade due to new data Later, bacteria were found in the upper sections of the UGT of
about human microbiome composition. Urine of healthy men  clinically healthy men, prostate tissue in particular [5].

contains a number of opportunistic microorganisms (OM) of Semen microbiota originates from different parts of the
genus Lactobacillus, Sneathia, Veillonella, Corynebacterium,  UGT, and it is dominated with urethral bacteria in healthy men.
Prevotella, Streptococcus and Ureaplasma [1]. Earlier, it was  In patients with symptoms of urogenital inflammation bacteria
shown that bacteria inhabit only the urethra and coronal  from the upper parts of the UGT could be detected in semen [2].

BECTHVIK PrMY | 1, 2019 | VESTNIKRGMU.RU (41



OPUTMMHAJIBHOE NCCJTIEQOBAHNE | IABOPATOPHAA ONATHOCTUKA

Composition of semen microbiota in patients withinfertility
and prostatitis is of great interest for practical medicine.
Recently, a number of differences were discovered between
the composition of semen microbiota of healthy men and those
suffering from prostatitis: the former had more Lactobacillus
iners therein, while the semen of the latter generally had a
greater number and diversity of microorganisms, including
Proteobacteria phylum [6].

Male UGT infections are the cause of male infertility in
6-10% of cases [7]. However, etiology of prostatitis remains
unclear; moreover, an appropriate treatment could not be
prescribed to symptomatic patients with negative semen
cultures [8]. Contribution of specific OM to the development of
the UGT inflammatory processes is debatable. In the absence
of obligate pathogens, opportunistic bacteria, like Escherichia
coli, Klebsiella spp., Proteus spp., Enterococcus spp.,
Staphylococcus spp., Ureaplasma spp., Mycoplasma hominis
etc. could trigger an inflammation [7].

Asymptomatic and subclinical forms of male urogenital
infections have been frequently detected in the last decades.
Evaluation of local inflammatory response and of the UGT
microbiota composition helps us to establish a diagnosis in
these cases. The use of highly informative laboratory tests is of
great significance in the UGT's microbiota studies.

A number of methods are used for the semen microbiota
composition evaluation. The real-time PCR (Androflor test) was
introduced recently along with the traditional culture-based
techniques. This method allows identifying all participants of
complex microbial communities, including non-culturable
microorganisms. Given the limited number of valid comparative
studies, RT PCR could not be widely recommended instead of
culture-based techniques.

This study aimed to compare semen microbiota composition
analyzed by means of culture-based technique and the RT
PCR (Androflor test).

METHODS

From January to May 2018, 86 semen samples were
obtained from men who attended “Garmonia” Medical Center
(Yekaterinburg) for resolving their reproduction problems.
The patients were aged 18 to 57 years; mean age —
34 + 6.7 years. The inclusion criteria were: 3-5 days of sexual
abstinence before performing the test in order to prevent semen
contamination with female transient microflora (Lactobacillus
spp.). The exclusion criteria were: detection of obligate
pathogens (Chlamydia trachomatis, Neisseria gonorrhoeae,
Mycoplasma genitalium, Trichomonas vaginalis). Prior to
semen collection the patients urinated, completely emptying
their bladders. The semen was collected into a 60 ml sterile
container through masturbation; the patients were instructed
not to touch the container's walls and lid with their hands. The
samples were brought to the laboratory in a thermal container
within 4 hours from collection. The semen culture and RT PCR
were performed simultaneously from a given sample.

Semen cultures were performed at the Microbiological
laboratory “Quality Med” (Yekaterinburg). One ml of semen was
diluted with sterile saline (1 : 1) and centrifuged at 1500 rpm
for 15 minutes. After removal of the supernatant, 10 pl of the
sediment were plated on 5 nutrient media (Bio-Rad; France): 5%
blood agar with whey and yeast extract; chocolate agar based
on blood agar; UriSelect4 chromogenic agar; Saburo agar;
Mannitol salt agar. The samples were incubated at 37 °C for
24-48 h in aerobic conditions and in the 5% CO, atmosphere.
The resulting colonies were identified with the matrix-assisted

laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) in a Vitek MS analyzer (BioMerieux; France).

PCR tests were performed at the laboratory of the “Garmonia”
Medical Center (Yekaterinburg). One ml of semen was put into
an Eppendorf tube with 1 ml of transport medium with mucolytic
(InterLabService; Russia), which was then shaken in the Fugue/
Vortex Micro-Spin FV-2400 centrifuge (BioSan; Latvia) until the
substances mixed completely. The tube was centrifuged at
13,000 rpm for 10 minutes. After removing the supernatant,
50 pl of the precipitate was used for extraction of the DNA, using
the PROBA-GS reagent kit (DNA-Technology; Russia) following
the manufacturer's instructions. RT PCR was performed using
the Androflor kit (DNA-Technology; Russia) and the DT-96
detection amplifier following the manufacturer's instructions
(DNA-Technology; Russia) [9]. Once the amplification reaction
was over, the special software (DNA-Technology; Russia)
was used to automatically calculate the total bacterial load
(TBL) and the proportion of particular species and groups of
bacteria in relation to the TBL in the given sample. The quantity
of identified microorganisms was expressed in genome
equivalents per 1 ml (GE/ml). The kit allows identifying the
following groups of OM: Gram-positive facultative anaerobes
(Streptococcus spp. Staphylococcus spp., Corynebacterium spp.);
Gram-negative facultative anaerobes (Haemophilus spp.,
Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp.);
Enterobacteriaceae / Enterococcus spp. group; obligate
anaerobes (Gardnerella vaginalis, Eubacterium spp., Sneathia spp. /
Leptotrichia spp./ Fusobacterium spp., Megasphaera spp./
Veillonella spp./ Dialister spp., Bacteroides spp./ Porphyromonas
spp. /Prevotella spp., Anaerococcus spp., Peptostreptococcus
spp., Atopobium cluster), mycoplasmas (Mycoplasma hominis,
Ureaplasma urealyticum, Ureaplasma parvum), transient
microbiota (Lactobacillus spp.), yeast-like fungi (Candida spp.).

Microsoft Excel 2016 (Microsoft; USA) and WinPepi
statistical software were used to process the data obtained.
Differences in prevalence of microbiota types detected by
culture technique and RT PCR were evaluated using Fisher's
test; the statistical significance was set at p < 0.05 for correction
of multiple comparisons.

RESULTS
Semen culture results

Semen cultures were positive in 72 (83.7%) cases and
28 bacterial species were identified. Fourteen (16.3%) samples
were culture negative.

The growth of a single bacterial culture was established in
33 (38.4%) samples. 10 bacterial species, mostly commensals,
were identified. 21 (63.6%) of the 33 samples contained one of
the Gram-positive facultative anaerobes: Staphylococcus spp.
(S. epidermidiis, S. haemolyticus, S. hominis); Streptococcus spp.
(S. anginosus), Corynebacterium coyleae, Dermabacter hominis.
In 8 (24.2%) cases Enterococcus faecalis was found, in
4 (12.2%) samples out of 33 — Gram-negative facultative
anaerobes Klebsiella oxytoca, E.coli, Moraxella osloensis were
detected.

The majority of the samples (28 out of 33, or 84.8%)
have the colony count of less than 10>-~10° CFU/m, which is
considered clinically insignificant. 6 (18.2%) samples have the
colony count of 10* CFU/mI, and only in one sample the colony
count was 108 CFU/ml.

Two bacterial cultures were detected in 27 (31.4%) out of
86 samples, 20 bacterial species were identified. Gram-positive
facultative anaerobes were identified in 16 (59.3%) samples out
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of 27. The most typical combinations were S. mitis /' S. oralis
(8 cases); C. glucuronolyticum /' S. epidermidis and E. faecalis /
S.epidermidis (2 cases each); E. faecalis / S. haemolyticus,
S. capitis / S. haemolyticus, S. epidermidis / S. agalactiae,
C. glucuronolyticum / E. faecalis (1 case each). Gram-
negative facultative anaerobes (Enterobacter hormaechei/
Pseudomonas aeruginosa) were established in one sample
only. The combination of Gram-negative and Gram-positive
facultative anaerobes was established in 5 (18.5%) samples.
The most typical combinations were: E. faecalis / E. coli
(2 cases); Klebsiella pneumoniae / S. haemolyticus (2 cases)
and E. Faecalis / K. oxytoca (1 case). G. vaginalis was identified
in 2 samples (7.4%), accompanied by Actinomyces neuii in one
specimen and S. epidermidis in the other. Another 2 (7.4%)
samples contained Lactobacillus spp in combination with Gram-
positive cocci: L. iners / S. gallolyticus, L. crispatis / S. warneri.

The majority of samples (17 of 27 them, 62.9%) have the
colony count of less than 10>-10° CFU/m), which is considered
clinically insignificant [10]. The colony count of 10* CFU/ml of at
least one bacterial species (E. faecalis, K. oxytoca, G. vaginalis,
S. agalactiae) was established in 9 (33.3%) specimens. The
colony count of both isolated species (K. pneumoniae /
S. haemolyticus) reached 10° CFU/ml just in one specimen.

Three bacterial cultures were detected in 9 samples
(10.5%), 12 species were identified in various combinations.
The mixed microbiota with Gram-positive facultative
anaerobes was established in 4 (44.4%) out of 9 specimens:
C. glucuronolyticum, S. mitis / S. oralis, S. hominis.
Combinations of C. glucuronolyticum / G. vaginalis / S. anginosus
were detected in 2 (22.2%) samples. The combinations of
Gram-positive and Gram-negative facultative anaerobes were
established in 3 cases: S. agalactiae / E. coli/ C. glucuronolyticum;
Corynebacterium amycolatum / E. hormaechei / E. Faecalis
and E. faecalis / E. coli/ S. anginosus.

The colony count was clinically insignificant (less than 10°
CFU/mI) in 3 out of 9 samples. In 6 other specimens the colony
count of at least one species was 10* CFU/ml or more withthe
prevalenceof C. glucuronolyticum, E. hormaechei, E. faecalis,
S. anginosus, G. vaginalis or S. agalactiae.

Table 1. Semen microbiota variants, RT PCR data (n = 86)
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Four and more bacterial cultures were detected in just 3
samples. The combination of C. gluconormum / E. faecalis /
S. mitis /' S. oralis / E. coli, with E. faecalisin 10* CFU/ml,
was determined in one specimen. In two other cases the
combinations of commensal Gram-positive bacteria with colony
count less than 10° CFU/ml suggested potential contamination
with skin microflora during semen collection.

Semen RT PCR results

RT PCR identified microflora in all 86 semen specimens: from
8 to 15 groups of bacteria were detected in each, the amounts
ranging from 102 to 10° GE/ml. A mathematical algorithm
was applied to calculate the proportion of each group of
microorganisms in the TBL; the predominant group of bacteria
(the proportion of which in the TML exceeds that of other
bacteria detected) was determined in the most samples.

Gram-positive facultative anaerobes the UGT
microbiota's Streptococcus spp., Staphyloccus spp., and
Corynebacterium spp. — were abundant in 15 (17.4%)
samples. Obligate anaerobes prevailed in 27 (31.4%) samples,
Gram-negative facultative anaerobes (P aeruginosa / Ralstonia
spp./ Burkholderia spp. and Haemophilus spp.) — in 4 (4.7%)
samples. Enterobacteriaceae / Enterococcus spp. group
was abundant in 23 (26.7%) samples; transient microbiota
(Lactobacillus spp.) — in 7 (8.1%) samples. Polymicrobial
communities without a predominant group were identified in
10 (11.6%) samples. The latter demonstrates that RT PCR
detected heterogeneous semen microbiota, culture technique
failed to find.

When analysing the semen microbiota RT PCR results,
we considered the fact that the microorganisms detected in
semen could not be regarded as a microbial community or
a microbiocenosis because they come from different parts
of the man's UGT. Therefore, we suggest classifying the
semen microbiota according to the predominant group of
microorganisms. This criterion allowed discriminating 6 types of
the semen microbiota; their detection rate was analyzed taking
into account the TBL (Table 1).

Semen Predominant group of microorganisms TBM < 10° GE/ml | TBM 10° <10* GE/ml | TBM > 10* GE/ml | Significance of
microbiota type in the semen microflora n (%) n (%) n (%) differences®
1 2 3
- . p,,>0.05
Microbiota type | Gram-positive facultative 4(14.8) 9(19.6) 2 (15.4) o >0.05
anaerobes -3
p,,>0.05
. . . p,, >0.05
Microbiota type Il Gram-negative facultative 2(7.4) 2 (4.4) 0 .. >005
anaerobes 18
p,,>0.05
Enterobacteriaceae spp./ Enterococcus s Py, <0.05
Microbiota type Il rc'if’; PP- 12 (44.4) 8 (17.4) 3 (23.1) p,,<0.05
group 0,.>0.05
p,, <0.01
Microbiota type IV Obligate anaerobes 2(7.4) 19 (41.3) 6 (46.2) P, <0.01
P, >0.05
. ) p,,>0.05
Microbiota type V Transient microflora 1(3.7%) 4(8.7) 2 (15.4) p. . >0.05
(Lactobacillus spp.) -3
P, >0.05
. p,_,>0.05
Microbiota type VI No predominant group 6 (22.2%) 48.7) 0 b >0.05
(polymicrobial community) -3
P, >0.05
Total group 27 46 13
Note: ' — this microbiota type was suggested due to the specifics of the Androflor test (Enterobacteriaceae spp. / Enterococcus spp. are detected in a tube separately

from other Gram-positive and Gram-negative facultative anaerobes without species identification); 2 — this variant was applied when a proportion of several detected
groups of microorganisms slightly differed from each other;  — Fisher's test enabled calculation of significance of the differences.
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Several patterns were revealed while analysing the data.
The higher semen TBL corresponded with the increased
proportion of microbiota type IV (with predominance of obligate
anaerobes) and lower detection rate of microbiota type Il (with
predominance of Enterobacteriaceae spp./ Enterococcus spp.
group). We have also noted the increased detection rate of
microbiota type V (with predominance of transient microbiota,
Lactobacillus spp.); this can be the result of the patients not
abstaining from intercourse for 3-5 days before the semen
collection. Low TBL in semen samples often corresponded
with microbiota type lll and VI (mixed microbial community,
no dominating group). As the TBL increased the microbiota
composition changed.

Microbiota type | (with predominance of Gram-positive
facultative anaerobes) was detected by RT PCR in 17.4% of
samples only, while semen culture determined this variant in
50% cases.

Comparison of the RT PCR and culture-based
technique results

RT PCR in 100% of cases confirmed culture findings. However,
in all culture-positive semen samples additional microorganisms
were identified by molecular technique, mostly of the non-
culturable or difficult to culture species. It should be noted
specifically that RT PCR revealed obligate anaerobes, which
cannot grow in vitro, in all samples.

According to the RT PCR results, microorganisms were
found in all culture-negative samples. Microbiota type Il (with
predominance of Enterobacteriaceae spp. / Enterococcus spp.
group) was determined in 5 (35.7%) samples out of 14;
microbiota type | (with predominance of Gram-positive
facultative anaerobes) — in 4 (28.5%) samples out of 14;
microbiota type IV (with predominance of obligate anaerobes) —
in 2 (14.3%) samples; microbiota type Il, V and VI —in 1 sample
each (7.2%). In all these samples the TBL was less than
10* GE/ml, which may partly explain why the cultures were negative.

Next, we analyzed the concordance of the determined
predominant group of bacteria by culture method and by RT
PCR (Table 2).

The culture results matched those of RT PCR in 21 (24.4%)
of 86 cases. In these samples, the only isolated species or the
quantitatively predominant species detected by culture method
belonged to the same predominant group as detected by
the RT PCR. In other cases, either culture was negative (14
(16.8%)) or RT PCR determined other groups of bacteria as
predominant.

The TBL detected by RT PCR corresponded to colony
count in culture technique in 41 (47.7%) of 86 samples; in
38 (44%) cases, there were 10 to 1000-fold difference. In 7
(8.3%) samples, the number of microorganisms identified by
RT PCR was less than colony count by the culture technique.
The discordant result occurred when the following species were
cultured: S. agalactiae (2 samples), S. anginosus (2 samples),
S. mitis/ S. oralis, S. hominis, L. crispatus (1 sample each). The
in vitro growth properties of bacteria can vary significantly, and
some species could not stand even short-term transportation.

DISCUSSION

Using culture technique, the clinically insignificant amounts
of normal microbiota microorganisms, mainly Gram-positive
facultative anaerobes, were detected in most semen samples.
Their colony count was less than 10* CFU/ml in 43% of samples
[10]. A number of commensal species cultured in the sample
may indicate specimen contamination.

RT PCR in 100% of cases confirmed the results of semen
cultures. The growth of a pure culture of a given microorganism
corresponded to the positive signal in the relevant Androflor
group, including all the 14 culture-negative samples. The lack
of in vitro growth of most microorganism groups detected
by RT PCR is quite understandable: most of them are either
difficult to culture or non-culturable [11].

RT PCR and culture results mainly differed in determination
of the predominant microbial group. The two methods gave
identical results in 24.4% of cases. There are two possible
reasons behind discordant results. Firstly, the bacteria have
different in vitro growth properties, and secondly, some species
may have not survived transportation. In addition, obligate
anaerobic microorganisms cannot be detected using culture

Table 2. Comparison of the predominant groups of microorganisms according to culture-based technique and RT PCR results (n = 86)

Predominant group of bacteria according to culture-based technique
Predominant group Gram-positive Gram-positive Enterobacteriaceae spp./ Obligate Transient Mixed No
of bacteria according | facultative anaerobes | facultative anaerobes Enterococcus spp. group anaerobes | microflora | microflora microflora
to RT PCR (n=15) (n=4) (n=23) (n=27) (n=7) (n=10)
Gram-positive
facultative anaerobes 8 0 2 0 0 1 4
(n=15)
Gram-negative
facultative anaerobes 0 0 0 0 0 1 2
(n=4)
Enterobacteriaceae
spp./ Enterococcus 9 0 8 0 0 3 3
spp. group (n = 23)
Obligate
anaerobes (n = 27) " 1 4 “ 1 4 2
Transient
microflora (n=7) 5 0 0 0 L 0 1
Mixed
microflora (n = 10) 7 0 2 0 0 0 1
No microflora 0 0 0 0 0 0 0
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technique, which distorts the view of the semen microbiota's
composition in general.

Culture technique and RT PCR determined the TBL per 1 ml
differently in 52.3% of cases. In 44% of samples, the TBL
determined using RT PCR exceeded that identified by the culture
technique 10 to 1000-fold. In 7 (8.3%) cases, the situation
was quite the opposite: culture technique identified higher total
bacterial load than RT PCR. It should be noted here that we
understand the flaws of direct comparison of microorganism
amounts detected by RT PCR and culture technique. Semen's
viscosity and uniformity are heterogeneous, thus, bacterial cells
can be distributed unevenly throughout the examined sample.
Moreover, prior to subjecting a sample to RT PCR testing, we
treated it with a mucolytic medium, which reduced its viscosity
and, probably, made the distribution of microorganisms in the
sample more even.

The data obtained as a result of this research allow
recommending RT PCR (Androflor test) as an alternative to
the culture technique in the comprehensive examination of the
semen microbiota.
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With each year, millions of people remain targeted by brain stroke, it still is by all means a global concern of the mankind. Despite all efforts to understand this
disease better, there is still a lack of information on pathophysiology of ischemic stroke. Scrutinized data on biochemical changes at early stages of ischemia may
help understand the mechanisms of the disorder and possibly reveal ways to finding the cure. The key role in the pathogenesis of stroke belongs to lipids as well
as to the molecules associated with their biosynthesis and functionality. On the one hand, stroke evokes a deep oxidative stress leading to damage to biomolecules
including lipids while on the other hand, due to the lack of reducing equivalents, the cellular biosynthesis processes are interrupted. The focus of this work was to
study the changes taking place in the tissues of rat brain as a result of ischemia including estimation of levels of total cholesterol, FFA, MDA, GSH, and NADP(H).
It was shown that in 24 hours from the onset of ischemia, there was a significant decrease in levels of FFA, total cholesterol and GSH, and an increase in the level
of MDA, a marker of lipid peroxidation. NADP(H) pool level decreased twice in 6 hours from MCAQO.
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M3MEHEHUE KJTIOHEBbLIX MAPAMETPOB METABOJIM3MA NNNAO0B
B TKAHSAX MO3IA KPbIC NMPY NEPMAHEHTHOW ULLEMUN
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VIHCYNbT roNoOBHOMO MO3ra sSIBSETCS BaXXHENLLEN NPpoBnemMoi COBPEMEHHOIO YeNoBeHeCTBa, MANIMIMOHDBI IIOAEN eXErofHO CTaHOBSTCS XXepTBamM 3TOro Hefyra.
HecmoTpst Ha MacluTabHble UCCnegoBaHNa B 3TOM 0611acTy, A0 CYX MOP CYLLECTBYET HefOoCTaTOK MHOopMaLMy O NaToduanonorin NLEMNYECKOTO UHCYLTA.
TwaTenbHoe N3y4eHne N3MEHEHNIN BUOXUMNHECKIX MOKa3aTenel Ha paHHeM aTane 3aboneBaHnsi MO3BOIUT YCTAHOBUTb MEXaHU3M ero NpoTekaHus 1 B OyayLem
HalT adhheKTVBHOE peLLieHne Npobnembl. Kntovesas ponb B NaTtoreHese MHCyNsTa NPUHALNEXUT MMNnAamM U MOJIeKynam, aCCOLMMPOBAaHHBIM C X BUOCUHTE30M
1 nogaepXKaHuem nx yHKUMOHaIbHOro cocTosiHMS, C OfHOWM CTOPOHbI, MPW naToreHese WHCYbTa NPOMCXOAUT MOLLHbBIA OKUCHUTENbHBIA CTPEeCC, KOTOPbI
NPVIBOANT K MOBPEXAEHVIIO MOJIEKYJT, B TOM Y1CNe NnuaHOro coctasa. C Apyrot CTOPOHBI, 13-3a HEXBATKM BOCCTAHOBUTESbHbIX 9KBVBASIEHTOB OCTaHABNBAETCH
OVOCUHTE3 HOBbIX MOSIEKY/ B3aMeH NOBPEXAEHHBIX. Lienbto paboThl ObINo MCCNefoBaTh M3MEHEHWSI B TKAHSIX MO3ra KpbIC Mpu ULLEMUW TaKVX NapamMeTpoB, Kak
KOHLieHTpaLmm 0bLLEero xonectepunHa, cBo6oAHbIX XMpHbIX KucnoT (CXKK), manoHosoro anansdervaa (MOA), a Takxe ypoBHEN BOCCTAHOBNEHHOMO ryTaT1oHa
(GSH) n obwero HAO®(H). B pesynsraTe UcCneqoBaHUs BbISBIEHO, YTO Yepes 24 4 ¢ MOMEHTa Hadana passutus uwemnn yposHn CXKK, xonectepuHa n GSH
CYLLIECTBEHHO CHIKAKOTCS, MW 3TOM ypoBeHb MA, MapKepa NepeKkncHoro NoBpexxaeHns NMninaoB, yeenmumieaeTcs. YpoBeHb obuero nyna HAL®(H) cHuxaeTca
B 2 pa3a yrke Yepe3 6 4 C MOMEHTa OKKIo3UN cocya.
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According to the World Health Organization (WHO), stroke is
the second leading cause of death worldwide. Each year more
than 15 million people worldwide suffer stroke. Of these, 6
million die and another 5 million are permanently disabled [1].
The ischemic stroke is caused by angiostenosis or an abrupt
blockage of cerebral arteries with resulting reduction incerebral
perfusion and rapid damage of brain tissues [2].

Recent studies show biochemical changes occurring in
brain cells during ischemia. In particular, hypoxia increases
extracellular concentration of glutamate, an important
neurotransmitter, and its binding to glutamate receptors [3]
leading to a sharp increase of intracellular calcium level.
Uncontrolled Ca?* regulation results in activation of Ca?*
-dependent proteins and upsetting the regulation of cellular
cascades [4]. Biochemical changes result in reductions in cell
pH and ATP production as well as changes in intracellular ionic
ratios [5, 6]. At later stages of pathogenesis, DNA, proteins
and lipids are damaged [7]. The pathologic events culminate in
mitochondrial dysfunction and extensive cell death [8].

Lipids constitute about half of brain tissue dry weight
and have important structural and metabolic functions.
Glycerophospholipids and sphingolipids are major components
of cellular membranes; cholesterol is a key component of lipid
rafts, dynamic assemblies in the cell membrane, regulating
membrane motility and signal transduction. Since lipids cannot
pass through a blood-brain barrier (BBB), de novo synthesis
of lipids occurs in nervous cells. NADPH plays the essential
role in the lipid biosynthesis acting a reducing equivalent in
anabolic reactions.

Ischemia-reperfusion induces overproduction of reactive
oxygen species (ROS) [9] leading to lipid peroxidation.
Consequently, there are increased levels of lipid peroxidation
products such as malondialdehyde and 4-hydroxynonenal [10]
that can be used as markers of cellular oxidative stress.

In response to intracellular ROS increase, antioxidative
defense mechanisms are activated in cells. Glutathione
(GSH) plays a key role in thiol-disulfide exchange reactions
[11, 12] while maintaining the redox state of the glutathione
pool is mediated by NADPH-dependent systems [12]. Thus,
both parameters are important in the regulation of protection
processes against cell damage caused by oxidative stress
during ischemia [13].

In our study, we estimated levels of the most important
biochemical compounds related to lipid metabolism in rat brain
tissues during ischemic damage. Measurements of metabolite
concentrations were performed using commercially available
kits and standard protocols (MDA, NADP(H)) [14, 15].

METHODS

The study was carried out on male Wistar rats (weight ranging
from 280 g to 330 g) obtained from Pushchino breeding facility
(Moscow region; Russia). Animals were housed under standard
vivarium conditions in plastic cages, three per cage. The
animals had free access to food and water. The experimental
work (surgeries and biochemical tests) was carried out within a
month (June, 2018).

A middle cerebral artery occlusion (MCAQ) was performed
as described in [16]. Inhalation anesthesia with a mixture of
isoflurane with air was used (Aerrane by Baxter; USA): 5%
concentration for induction and 1.5% concentration for
maintenance of general anesthesia.

The animals were analgesized with 5 mg/kg ketoprofen
(Ketonal by Sandoz; Switzerland) administered subcutaneously;
local analgesia was induced by administering 2% Novocaine.
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0.185 mm MCAO (middle cerebral artery occlusion) sutures
were used (403756PK10Re, Doccol; USA).

Tissue sample preparation

The animals were randomized into five groups, four individuals
each. The control group included intact animals. In the other
four groups, the animals were subjected to permanent right
middle cerebral artery occlusion (MCAQO). Biochemical analysis
was carried out at 5 time points: 1 hour (Group 2), 3 hours
(Group 3), 6 hours (Group 4), and 24 hours (Group 5) post-
ischemia.

Following 1 to 24 hours of occlusion, the animals were
sacrificed and the brains were removed. Brain tissue without
cerebellum and olfactory bulbs was frozen immediately in
liquid nitrogen and then homogenized thoroughly. The received
material was weighed and stored at —70 °C until further
processing.

Measurement of FFA level

The quantification of free fatty acids in brain samples was
performed with a Free Fatty Acid Quantification Assay Kit (Abcam;
Cambridge, UK). At first, the free fatty are being converted to acyl-
CoA under acyl-CoA synthetase action. Then specific enzyme
oxidizes the obtained monothioesters that is followed by reduction
of colourless dye with formation of fluorescent compound
(Ex. 535 nanometers; Em. 587 nanometers).

Tissue samples were thawed on ice and then homogenized
in 200 pL 1% Triton X-100 in pure chloroform using a manual
Potter homogenizer. The obtained homogenate was incubated
on ice for 30 minutes to increase the efficiency of extraction.
The extracts were centrifuged for 10 minutes at maximum
speed, and after that, the organic phase was collected. To
remove chloroform, the samples were air dried at 50 °C in a
fume hood for an hour and then placed in vacuum dryer for the
same time. The obtained lipid fraction was dissolved in 200 pL
Fatty Acid Assay Buffer by extensive vortexing.

Aliquots with volumes from 10 to 40 uL were used for the
assay. Sample volumes were adjusted to 50 pL with Fatty Acid
Assay Buffer solution. Also, a set of palmitic acid standards
was prepared for standard curve plotting. 2 pL ACS Reagent
(the one with acyl-CoA synthetase activity) was added to each
standard and sample well with subsequent incubation at 37 °C
for 30 minutes. After that, 50 pL of Reaction mix (45.6 pL
Assay Buffer; 0.4 pL Fatty Acid Probe; 2 uL Enzyme Mix; 2 pL
Enchancer) were added to each well, with following incubation
at 37 °C for 30 minutes.

Fluorescence was measured using Tecan Infinite 200 Pro
plate reader (Tecan; Switzerland) at EX’Em = 535/587 nm.
Based on standard readings, the dependence of fluorescence
intensity on FFA content in the samples was determined.
Based on that, concentrations of FFA in the test samples
were calculated. The obtained values were normalized to
corresponding tissue weight.

Measurement of cholesterol level

Total cholesterol level (both free cholesterol and cholesteryl
esters) in brain samples was quantified using commercially
available Cholesterol/Cholesteryl Ester Detection Kit (Abcam;
UK) according to the related protocol. In the assay, free
cholesterol is oxidized by cholesterol dehydrogenase to
generate NADH which reacts with a sensitive probe resulting in
strong absorbance at 450 nm.
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Tissue samples were thawed on ice and then homogenized
in 200 pL CHCI3 : IPA : 10% NP-40 (7 : 11 : 0.1) using
a manual Potter homogenizer. Each sample was centrifuged
for 10 minutes at maximum speed, and after that, the organic
phase was collected. To remove chloroform, the samples were
air dried at 50 °C in a fume hood for an hour and then placed
in vacuum dryer for the same time. The received lipid fraction
was dissolved in 200 pL Cholesterol Assay Buffer by extensive
vortexing.

Aliquots with volumes from 10 to 40 uL were used for the
assay. Sample volumes were adjusted to 50 pL with Cholesterol
Assay Buffer. A set of cholesterol standards was prepared for
standard curve plotting. 2 pL Esterase (enzyme that hydrolyzes
cholesterol esters to cholesterol) was added to each standard
and sample well with following incubation at 37 °C for
30 minutes. After that, 48 uL of Reaction mix (44 uL Cholesterol
Assay Buffer, 2 pL Substrate Mix, 2 pL Cholesterol Enzyme Mix)
was added to each well, with subsequent incubation at 37 °C
for 30 minutes.

The absorbance was measured using Tecan Infinite 200 Pro
(Tecan; Switzerland) at 450 nm. Based on standard readings,
the dependence of fluorescence intensity on cholesterol content
in the samples was determined. After that the concentrations
of total cholesterol in the test samples were calculated. The
obtained values were normalized to corresponding tissue weight.

Measurement of NADP(H) level

NADP(H) content in brain samples was determined using nitro
blue tetrazolium (NBT) and phenazine methosulfate (PMS).
Acting as a donor of electrons, NADPH reduces NBT in the
presence of PMS converting it into formazan that absorbs at
620 nm. To visualize presence of NADP*, an enzymatic reaction
was used where glucose-6-phosphate dehydrogenase (G6PDHS)
oxidized glucose-6-phosphate with reduction of cofactor.

About 300 mg of brain tissue were thawed on ice and
homogenized using a manual Potter homogenizer in the
presence of 1.5 ml of previously cooled carbonate buffer
(100 MM Na,CO,, 20 MM NaHCQO,, 20 MM nicotinamide).
The samples were centrifuged at 4 °C for 5 min at maximum
speed. 10 pl were taken out from the supernatant to determine
the protein concentration in the solution while the remaining
volume was further refined using Amicon® Ultra 0,5 mL 10 K
columns (Merck Millipore; Germany) in accordance with the
producer’s protocol.

For analysis, the samples were placed to a 96-well plate
in an amount of 10 pl/well. A standard series of solutions with
known NADP(H) content was prepared. Samples were brought
up to 100 pl with a reaction mixture of the following composition
(per 10 reactions): 540 pl MQ, 100 pl 1M TRIS-HCI buffer (pH 8.0),
50 pl of 10 mM NBT, 150 pl of 10 mM PMS, 50 pl of a 100 mM
EDTA solution, 10 pl of 100 mM glucose-6-phosphate.
Samples were incubated at +37 ° C for 5 min, following which
the reaction was initiated by adding 1 pl of 250 U/ml glucose-
6-phosphate dehydrogenase.

Absorbance at 620 nm was measured for each sample
using Tecan Infinite 200 Pro plate reader (Tecan; Switzerland)
in 10 min sessions. Each probe analysis was repeated without
enzyme for the determination of background formazan
formation under the action of cell lysate components. The
dependence of the reaction rate on the content of NADP(H) in
a sample was determined. The resulting calibration graph was
used to determine the concentration of total NADP(H) in the
experimental probes. The values obtained were normalized to
the protein concentration.

Measurement of malondialdehyde level

To determine the intensity of lipid peroxidation in the samples,
a modified TBARS assay was used. Malondialdehyde, which
is one of the key products of lipid peroxidation, reacts with
two 2-thiobarbituric acid (TBA) molecules to form a colored
compound that intensively absorbs at 532 nm.

Approximately 100 mg of tissue were thawed on ice and
homogenized in 750 pl of previously cooled MQ-grade pure
water using a manual Potter homogenizer. 5 pl of butylated
hydroxytoluene dissolved in methanol at a 10% concentration
(w/v) were added to water to prevent ex vivo oxidation. The
samples were centrifuged at 3000 x g for 15 min at 4 °C to obtain
a soluble fraction containing cell membranes. At this stage, 10 pl
were removed from supernatant for further assessing protein
concentration. 250 pl of 40% trichloroacetic acid (TCA) were
added to 350 pl of samples for precipitation of proteins and
stirred vigorously. The samples were again centrifuged at
3000 x g for 15 min at 4 °C.

For analysis, 500 pl supernatant volume was mixed with
500 pl of 0.67% TBA in 0.05 N NaOH. To prepare a standard
solution series, 0.5 mM 1,1,3,3,-tetramethoxypropane (TMP)
dissolved successively in 1 ml of 96% ethanol and 49 ml of
MQ-grade water was used. Standard solutions were mixed
with 500 pl of 0.67% TBA in 0.05 N NaOH, after which all
samples were incubated at +100 °C for 15 minutes. After the
incubation, aliquots of 200 pl were placed in a 96-well plate,
and absorbance at 532 nm was measured using Tecan Infinite
200 Pro (Tecan; Switzerland). A calibration graph was created
in accordance with the standard series samples, and MDA
content was determined accordingly. The values obtained were
normalized to the protein concentration.

Measurement of reduced glutathione
(GSH) level

GSH in brain samples was quantified using commercially
GSH/GSSG Ratio Detection Assay Kit, (Fluorometric-Green
Abcam; UK). In the assay, non-fluorescent Thiol Green dye
becomes strongly fluorescent upon reacting with GSH (Ex. 490,
Em. 520).

Tissue material was thawed on ice and homogenized in
400 pl of phosphate-saline buffer (pH 7.4) containing 0.5%
NP-40 using a manual Potter homogenizer. The homogenates
were centrifuged at maximum speed for 15 min at +4 °C. At
the next stage, the samples were deproteinized by adding 1/5
volume of 100% (w/v) trichloroacetic acid (TCA). After intensive
mixing and incubation on ice for 10 min, the samples were
again centrifuged at 12,000 x g for 5 min at +4 °C. The TCA
was neutralized by adding a NaHCO, solution to the samples.
Finally, the last centrifugation was carried out at 13,000 x g and
+4 °C for 15 minutes.

For analysis, the supernatants were diluted by 10 times
with Assay Buffer solution, and aliquots of 50 pl of each sample
were placed in a 96-well plate. A set of standards with known
concentrations of GSH was also prepared. 50 pl of Thiol Green
solution were diluted by 100 times with Assay Buffer and then
added to samples. The samples were incubated in the dark for
one hour.

Fluorescence was measured using Tecan Infinite® 200
PRO (Tecan; Switzerland). Based on standard curve data,
dependence of fluorescence intensity on the amount of
glutathione in the sample was determined. The calibration
graph was used to determine GSH content in each sample. The
values obtained were normalized to starting tissue weight.
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Measurement of protein concentration

To determine concentration of proteins, a commercially available
Bicinchoninic Acid Protein Assay Kit (Sigma-Aldrich; Germany)
was used. In each series of experiment, a set of standards with
known concentration of bovine serum albumin (BSA) protein
was prepared. A mixture containing 1 part of 4% (w/v) copper
(I) sulfate pentahydrate and 50 parts of the bicinchononic
acid solution was added to each sample. The samples were
incubated at +37 °C for half an hour.

Absorbance at 562 nm was measured using Tecan Infinite
200 Pro (Tecan; Switzerland). Using standard curve, protein
concentrations were estimated for each sample.

RESULTS

A significant change in NADP(H) pool level was observed in
6 hours after MCAO. For control group, it was 10.64 +
0.57 ymol/mg of protein while for damaged brain area, it was
4.45 + 0.79 umol/mg of protein. In 24 hours after MCAO,
NADP(H) level was 1.57 + 0.46 pmol/mg of protein that is
about 7 times lower as compared to control group (Fig. 1A).
Since NADP(H) is involved in many biosynthetic processes
including the lipid metabolism, we expected to observe a
significant decrease in cholesterol and fatty acids levels in brain
tissues. In our experiment, the level of total cholesterol (both
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free cholesterol and cholesteryl esters) began to decrease in
6 h after MCAQ: 6.85 + 0.1 pg/mg of tissue while control value
was 7.29 + 0.20 pg/mg of tissue accordingly. In 24 hours after
MCAQ, the total cholesterol level in damaged tissues continued
to decrease to value of 5.95 + 0.4 ug/mg of tissue (Fig. 1B).
For Group 3 (3 hours after MCAQO), no difference in cholesterol
level was observed as compared to control group. However,
since a significant variation of values was observed for animals
in Group 3, it is likely that 3 hours after MCAQ, the cholesterol
level started to decrease in damaged tissues.

The level of the free fatty acids (FFA) in damaged brain
tissues differed from related control level in Group 5 (24 hours
from MCAQ) only: 0.25 + 0.003 nmol/mg vs 0.31 + 0.01 nmol/mg
(Fig. 1C).

Malondialdehyde (MDA) is one of the lipid peroxidation
markers. The tissue injury causes a slowdown in cell biosynthetic
processes resulting in accumulation of biodegradation products
accordingly. In control group, the MDA level was 846.23 + 63.41
pmol/mg protein showing a normal functional level of cell
biodegradation processes. A pathology occurs when cells fail
to withstand the damage and maintain proper biosynthesis
levels. In 24 hours after MCAO, MDA level in damaged brain
tissues increased to 1272.61 + 124.47 pmol/mg protein (Fig. 1D)
in ischemic tissue. At this time an extensive cell death occurred
that can be visualized by staining of brain slices using specific
dye such as 2,3,5-triphenyltetrazolium chloride (TTC).
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Fig. 1. Changes of biochemical parameters of brain tissues during permanent ischemia in rats. (A) NAD(H), (B) Total cholesterol, (C) Free fatty acids (FFA), (D)

Malondialdehyde (MDA), (E) Glutathione (GSH)
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The glutathione pool is an important redox component in
cells. In particular, GSH is used by antioxidant enzymes such as
glutathione peroxidase to neutralize ROS. Maintaining optimum
GSH/GSSG ratio is essential to cell viability. NADPH is required
for the regeneration of the reduced form of glutathione (GSH).
In our study, no change was observed in the GSH levels for
Groups 2—4 (within 6 hours from MCAQ). In 24 hours after
MCAQO, GSH level in damaged brain tissues decreased to
11.8 pg/mg compared to 35.1 pg/ mg in the control group
(Fig. 1E).

Thus, levels of FFA, total cholesterol, GSH and MDA
changed significantly in 24 hours after MCAO while the level
of NADP(H) was found to decrease in 6 hours after MCAO.
X-axis: Time, hours (after MCAQ). Error levels correspond to a
standard error of an average. 4 animals per group.

DISCUSSION

Cerebral ischemic injury is a stress accompanied by structural
damage at molecular or cellular level. Protection of tissues
from the effects of ischemic damage occurs in different ways
at many levels — through prevention of damage, repair and
replacement of damaged structures.

Ischemic stroke is known to be accompanied by excessive
and unregulated production of ROS [9] that are highly reactive
compounds interacting with various cell compounds. One
key target of ROS is lipids — both free and located within cell
membranes. Lipid peroxidation is one of the common ways for
the interaction of lipids and ROS. The process is a radical chain
reaction, the end products of which are covalent aggregates of
lipids as well as lipid hydroperoxides and lipid endoperoxides
formed in the presence of oxygen [10]. The latter join
intramolecular rearrangements with subsequent fragmentation
of hydrocarbon tails. It is therefore feasible that an oxidative
stress, while in the lipid phase, leads to an increase in the
concentration of low molecular weight carbonyl compounds
such as malondialdehyde (MDA). Most of the methods aimed
at identifying oxidative stress are at least in some way based on
registration of compounds of the above mentioned class [17, 18].

Interaction of lipids with reactive oxygen species may lead
to a release of free fatty acids. Cell death in the foci of ischemia
can also be followed by lipid hydrolysis [19]. It is known that
free fatty acids can undergo auto-oxidation. Moreover, the
cyclooxygenase pathway in the metabolism of arachidonic acid
involves lipid hydroperoxides leading directly to the formation
of oxygen radicals [10, 20]. Summing up the above, each
and all of the mentioned factors will lead to an even greater
contribution to peroxidation.

In practice, in many studies involving patients or laboratory
animals, detection of MDA level in blood is performed. It was
shown that MDA level increased significantly during the first 24
hours of ischemia, and it remained elevated for up to one week.
A correlation of MDA level with a mortality rate has been shown
for stroke patients [21]. Assessment of the concentration of
MDA in ischemic brain can provide valuable information on the
extent of tissue damage [22].

In our study, a model of permanent occlusion of the middle
cerebral artery in rats was used. Under given conditions it was
possible to register a noticeable increase in the concentration
of MDA in 24 hours after MCAQO. To better investigate the
process, further studies are required involving ischemia/
reperfusion model. Reperfusion is believed to be the key source
of ROS generation. Cell death during permanent ischemia
may be supposed to take place due to reasons other than
lipid peroxidation; presence of dead tissue becomes visible

within a few hours after MCAQ. In fact, the approach based
on TBARS analysis may be subject to artifacts likely involved
at the sample preparation stage. Addition of antioxidants like
butilated hydroxytoluene reduces the formation of MDA in the
presence of atmospheric oxygen, still does not completely
eliminates it. Thus, detecting minor shifts of MDA concentration
with reference to control probes may be very difficult.

The concentration of reduced glutathione (GSH) was
used as one of the markers of the cell redox state. Similar to
MDA, we did not detect any changes in GSH level during the
active phase of ischemic damage. However, its concentration
decreased significantly in 24 hours after MCAQO. Since GSH
is involved in thiol-disulfide exchange reactions, an increase in
ROS level results in an increase of glutathione oxidized form
due to activation of antioxidant enzymes. This suggests that
a noticeable increase in occurrence of oxidized lipids with
subsequent cell death may lead to a significant decrease of GSH
level. Still, to confirm this, further investigations are necessary —
specifically, using the ischemia/reperfusion model. On the
one hand, prolonged peroxidation may lead to a depletion of
the GSH pool; on the other hand, the shortage of GSH can
drive the system to a state in which peroxidation (which until
then could have been restrained) starts causing a damaging
effect. Finally, decrease of GSH level may be not due to the
functioning of antioxidant systems in membranes. For instance,
tissue necrotization is characterized by inability to maintain the
GSH pool due to poor functioning of related enzyme systems
and the lack of reducing equivalents.

In our study, concentration of NADP(H) decreased by
2 times in the first 6 hours after MCAO and by almost 7 times in
24 hours after MCAQO. The NADP(H) decrease is believed to have
an adverse impact on the antioxidant systems performance as
well as on the anabolic processes. As mentioned earlier, this
factor is likely to contribute to the decrease of GSH pool as well
as the increase of lipid peroxidation level.

Not all the lipids damaged during peroxidation can be
repaired. We believe that during ischemic cerebral damage,
anabolic pathways involved in lipid biosynthesis should be
activated in order to replace damaged components. The
NADP(H) abundance is known to be connected with an
efficiency of the biosynthesis of fatty acids and cholesterol as
these metabolic pathways require reducing equivalents. As it
was mentioned, NADP(H) level changed during the experiment.

In a large number of lab and clinical studies, FFA level in
blood plasma was detected as this index can be considered
a potential biomarker for detection of early stages of ischemic
stroke. Hydrolysis of brain phospholipids with release of
FFA into blood stream occurs during a stroke that may be a
reason of observing increased FFA level in blood in the first
few hours [23]. Based on other research data available, there
is a correlation between FFA occurrence and the severity of
disorder: the higher the level of FFA, the higher severity level
observed [24, 25]. Though changes in FFA profile are of
substantial metabolic importance, there is still a lack of data
related to brain tissues.

In this work, we detected FFA levels in brain samples at
different time points. A significant decrease in FFA level was
observed in 24 hours after MCAO; during the acute phase of
stroke there was no difference between FFA levels in test groups
and the control group. Thus, in our experiment no evidence
was received in support of activation of the synthesis of fatty
acids for replacement of damaged membrane components.
A decrease in FFA level after 24 hours from MCAQO is most
likely due to cell death leading to depletion of NADP(H) content,
disruption of the enzyme system and perhaps some other
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factors. For the studied model of permanent ischemia in rats,
it is likely that no accumulation of lipids hydrolyzed after cell
death occurs in brain tissues.

Similar data were obtained with regard to cholesterol
concentration however, in case of cholesterol the decrease
was observed earlier — in 6 hours after MCAO. In comparison
to the original level of metabolites, concentration of cholesterol
and FFA decreased similarly in a time lapse of 24 hours after the
occlusion (1.24 times for FFA and 1.27 times for cholesterol).
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HEART INJURIES: MAIN CLINICAL SYMPTOMS
Maslyakov VWV B Krjukov EV, Barsukov VG, Kurkin KG, Dorzhiev PA, Gorbelik VR
Reaviz Medical University, Saratov, Russia

Injuries to the heart are uncommon in peacetime, yet they result in life-threatening conditions, which makes timely diagnostics a crucial factor in saving patients'
lives. In this connection, it is important to define the main signs of heart injuries. This study aimed to analyze the basic clinical symptoms associated with various
wounds to the heart. We have retrospectively analyzed such symptoms registered in 86 patients with varying chest injuries that affect the heart. All patients were
treated in the emergency surgery unit of the Engels Town Hospital from 1991 to 2017. 41 (47.6%) patient had stab wounds, and there were 45 (52.3%) cases of
gunshot wounds. 23 (26.7 %) patients had chest injuries affecting heart exclusively, while for 63 (73.2%) the consequences were wounds to other organs. We found
that the clinical picture depends on the kind of injury to the heart: stab and slash wounds translate into more pronounced symptoms, while gunshot wounds do
not produce such an effect. Accepting patients, practitioners should take this fact into account. The misdiagnosis rate for stab and slash heart wounds is 9.7%,
that for gunshot wounds — 17.7%, the latter being the result of vagueness of the clinical picture. The clinical signs are most pronounced in the cases of stab and
slash wounds to the heart.
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OCHOBHbIE KITIMHNYECKUE CUMINTOMbI NMPU PAHEHUAX CEPOLUA
B. B. Macnsikos &9, E. B. Kptokos, B. I. Bapcykos, K. I KypkuH, . A. [opxwues, B. P. Topbennk
CapaToBCKuin MegMUMHCKIUIA yHMBepcuTeT «Peasnad», CapaTos, Poccus

PaHeHrs cepaLia B MMPHOE BPeMst Henb3a OTHECTW K CaMbIM PaCiPOCTPaHEHHbIM, OAHAKO MOBPEXAEHVE 3TOrO OpraHa yrpoXaeT XKU3HW, 1 CBOEBPEMEHHasA
[OVarHOCTVIKa BNMSAET Ha CnaceHme »naHu. B CBA3K C aTM akTyasnbHbIM SBNSETCA BbIABEHNE OCHOBHbIX MPYI3HAKOB NOBPeXxaeHVA cepaua. Liensto nccnenosaHus
OblNO NMPOBECTU aHaNN3 OCHOBHBIX KMHWUHYECKNX CUMMTOMOB, BOSHMKAIOLLWX MPU PasfnyHbIX PaHernsx cepua. Bbin MpoBefeH PeTpOCNeKTVBHbIA aHan3
OCHOBHbIX CUMMTOMOB, BO3HWUKAIOLLIMX MPU Pa3nYHbIX PaHEHWSX FPyAM C NMOBPEXAeHeM cepaua y 86 NaumeHToB, HaXOAVBLUMXCS Ha NIEHYEHNN B SKCTPEHHOM
XVPYPrUHECKOM OTLENEHUM FOPOLACKON BGOoMbHULBI ropofa SHrenbca B nepviog ¢ 1991 no 2017 1. 13 obLiero konmyectsa MauveHTOB KONOTO-pe3aHble
paHeHns 6binn 3aperncTprpoBaHbl B 41 (47,6%), orHecTpenbHble — B 45 (52,3%) cnydasx. [pu paHeHun rpyam TonbKOo paHeHne cepaua Habniopanoch B
23 (26,7%) cnyd4asx, B ocTabHbIX 63 (73,2%) cny4asx 3apervcTprpoBaHbl MOBPEXAEHNS APYrX OPraHoB. YCTAHOBIEHO, YTO PasfndHble paHeHus cepaua
MMEIOT HEOLWHAKOBYIO KITMHUYECKYIO KapTVHY: OHa 60see BblpadkeHa NMpu KoNoTo-pe3aHblx 1 MEHEE BbIpaXKeHa NPV OFHECTPESNBHbIX PaHEHWISIX, YTO HEOOXOAMMO
Y4UTbIBATL MPW MOCTYMIEHWMM Takmx MaumeHToB. [MarHoCTUHecKue OLMOKM MPU KOMOTO-pe3aHbiX PaHeHWsX cepAala BCTpedatoTes B 9,7% cnydaes, npu
OrHECTPEeNbHbIX paHeHnax — B 17,7% cnydaeB. Hanbonee BbIpaXeHb! KNMHUYECKNE CUMMTOMbI MPK KONOTO-PE3aHbIX PaHEHUAX cepaLia.

KntouyeBble cnoBa: paHeH1s cepaua, AnarHoCTUKa, AMarHOCTUHECKNE OLLMOKI
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According to the literature, 10 to 19.5% of penetrating chest
wounds result in injuries to the the heart [1, 2, 3, 4, 5]. The
associated mortality rate is up to 50% [6-8], with the main
reasons thereof being massive blood loss, acute cardiac
tamponade, extensive damage to intracardiac structures [3-7].
The common complications registered in patients with heart
injuries shortly after surgery are pericarditis, post-traumatic
pulpitis, pleurisy [9-11], as well as myocardial ischemia,
surgical wound suppuration [12-15]. Diagnosing an injury to
the heart, practitioners examine wound in its projection and
signs of damage the organ may have received. In most cases,
such examination is only visual, thus, the key task before the
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surgeon is to correctly diagnose the heart wound within a very
short period of time and operate on it as soon as possible.

This study aimed to analyze the basic clinical symptoms
associated with various wounds to the heart.

PATIENTS AND METHODS

To achieve the goal set, we have retrospectively analyzed the
basic clinical symptoms registered in 86 patients with varying
chest injuries that affect the heart. All patients were treated in
the emergency surgery unit of the Engels Town Hospital from
1991 to 2017.
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Inclusion criteria: a gunshot or a stab wound to the
chest resulting in a heart injury; age from 18 to 50. Exclusion
criteria: age under 18; agonal state at the time of admission;
concomitant head, neck, limb injuries.

41 (47.6%) patient had stab wounds, and there were 45
(62.3%) cases of gunshot wounds. 23 (26.7%) patients had
chest injuries affecting heart exclusively, for 63 (73.2%) the
consequences were wounds to other organs and in 4 (4.6%)
cases the patients had concomitant wounds to the abdomen.
The other organs damaged in connection with the chest
wounds were lungs (52 cases, 85.7%), ribs (4 cases, 6.3%),
thoracic esophagus (3 cases, 4.7%), inferior vena cava (2 cases
3.1%), diaphragm and liver (1 case, 1.5%). None of the patients
had the pericardial injury greater than 3 cm. The volume of
blood found in pericardial cavities of the patients ranged from
300 to 700 ml. In most cases, clots plugged the injuries to
the heart. 46 (53.4%) patients had non-penetrating wounds,
while those in 40 (46.5%) patients were penetrating. 38 (44.1%)
slash/stab victims exhibited penetrating wounds to their hearts, 3
(4.5%) — non-penetrating wounds; gunshots resulted mainly in
non-penetrating wounds, which were diagnosed in 43 (50%)
patients, while only 2 (2.3%) had gun-related penetrating
wounds. All penetrating wounds were pinpoint.

In addition to hemopericardium, 75 (87.2%) patients
had hemothorax; in 58 (77.3%) of them the volume of blood
accumulated in the pleural cavity was 500 ml, 14 (18.6%)
had about 1 | of blood there and 3 (4%) suffered from a total
hemothorax. All patients were male, their mean age was
31 + 2 years.

With heart wounds, time is one of the crucial factors shaping
the prognosis. Having analyzed the available data, we learned
that chest slash/stab victims were brought to the hospital
within 26.7 + 5 minutes from wound infliction, gunshot
victims — within 21.3 + 6 minutes. 37 (43%) slash/stab
victims were brought to the hospital by an ambulance, only
4 (4.7%) arrived in a private vehicle. As for the patients with
gunshot wounds, all of them were delivered to the hospital
by an ambulance. Thus, the majority of the wounded people
considered in this study arrived to the hospital in a specialized
vehicle, where the ambulance crews gave them infusions (79
patients (91.8%), in most cases — 100-1000 ml of polyglucin
solution intravenously at the rate of 60-80 drops/minute),
non-narcotic analgesics (56 patients (65.1%)), dressed the
wound (83 patients (96.5%), including 74 (86%) occlusive
dressings). Undoubtedly, these measures had their effects on
the outcomes.

At admission, 67 (77.9%) patients were experiencing
shock of varying degree; they were 27 (31.3%) slash/stab
victims and 40 (46.5%) men with gunshot wounds. The data
show that patients with gunshot wounds are more prone to
shock than those slashed or stabbed, the difference between
the two groups being statistically significant (o < 0.05). As for
the degrees of shock registered, 34 patients (39.5%) had the
first-degree shock, 26 (30.2%) had the second-degree shock,
7 (8.1%) experienced the third degree. Thus, at the time of
admission most patients experienced first- and second-degree
shock.

The condition of the patients at admission was assessed
with the help of the AIS scale, where code 1 means minor
severity; code 2 — moderate; 3 — serious, but not life-
threatening; 4 — severe, life-threatening; 5 — critical, survival
doubtful; 6 — maximum, fatal damage. Applied to the slash/
stab victims considered, AIS assessment yielded the following
results: 21 (24.4%) patients — code 2; 12 (13.9%) patients —
code 3; 8 (9.3%) patients — code 4. As for the patients with

gunshot wounds, 18 (20.9%) of them were put into the code
2 group, the condition of 7 (8.1%) was classified as code 3,
code 4 was assigned to 11 (12.7%) patients and code 5 to 9
(10.4%). Thus, gunshot victims were registered with the most
severe conditions.

Assessing localization of the wounds, we delimited the
"heart zone" with second rib on top, subcostal line at the
bottom, midclavicular line from the right and anterior axillary
line from the left. Out of the 86 patients studied, 50 (58.1%) had
injuries in this zone, 38 (92.6%) of them slash/stab wounds, 12
(26.6%) — gunshot wounds.

84 patients underwent anterior-lateral thoracotomy, one
patient had a sternotomy, and another had a laparotomy.
In 96.7% of the patients the heart wound was sutured with
interrupted stitches, 3.3% received U-shaped stitches.
Separate apposition stitches were used to suture pericardial
sacs in all the patients; pleural cavity drainage was placed in
the Il and VIl intercostal spaces.

It should be noted specifically that the emergency hospital
that received the patients is a level Il trauma center; in such
centers, ultrasound examinations are typically done around the
clock. However, the patients considered in this study were not
subjected to this type of examination, which, without a doubt,
affected the outcomes, since sonography facilitates diagnosing
and could have reduced the number of diagnostic mistakes.

We used Excel 2007, part of the Microsoft Office 2007
package, to process the data. The difference between the
compared values was considered statistically significant at
p < 0.05.

RESULTS

The symptoms of penetrating wounds to the heart include signs
of rapidly increasing internal bleeding, cardiac tamponade and
shock. The table below contains the main symptoms registered
in the patients with heart injuries.

Patients with slash/stab wounds to the heart have
exhibited more clinical symptoms. The most frequent of them
were localization of the wound in the heart zone (38 (92.6%)
cases) and tachycardia (over 90 beats per minute, 38 (92.6%)
cases), as well as expansion of the cardiac dullness percussion
boundaries (31 (75.6 %) cases). Tachycardia can be explained
by the body's compensatory response to acute blood loss.
Symptoms observed less frequently: precordialgia (28 (68.2%)
cases), venous hypertension (27 (65.8%) cases), arterial
hypotension due to hemorrhagic shock (25 (60.9%) cases),
dyspnea (23 (24.3%) cases), no pulse in the peripheral arteries
(23 (56%) cases).

The least frequent symptoms were feeling short of breath
(16 (39%) cases), neck vein swelling (10 (11.6%) cases), blue
face and neck (9 (21.9%) cases). Thus, slash/stab wounds to
the heart produce a fairly pronounced clinical picture, with the
signs of hemorrhagic shock and cardiac tamponade at the
forefront. Only 6 (14.6%) cases did not offer a clear clinical
picture, the state of the patients in questions being satisfactory
upon admission, without any signs of shock and cardiac
tamponade. The aforementioned factors allowed diagnosing
the heart injury promptly, and most of the patients were
brought straight to the operating room for immediate surgery.
In this group, only 10 (24.3%) patients received primary
surgical treatment, while the remaining 13 (31.7%) underwent
thoracotomy. 17 (41.4%) patients were subjected to additional
examinations; in most cases, it was AP view chest X-ray imaging
and ECG, which were mostly performed in the operating room.
The well-pronounced clinical picture associated with slash/
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Table. Frequency of occurrence of the main symptoms associated with wounds to the heart (M + m)

Frequency of symptoms by group
Symptoms
Slash/stab wounds (n = 41) Gunshot wounds (n = 45)
Precordialgia 28 + 2¢ 10+1
Feeling short of breath 16 + 2* 6+1
Wound localization in the heart zone 38 +2¢ 12+1
Blue face and neck 9+1 9+2
Neck vein swelling 10+ 1 101
Dyspnea (over 25-30 per min) 23 + 2¢ 11 £1
Expansion of the cardiac dullness percussion boundaries 31 +5* 7x2
Tachycardia (over 90 beats per min) 38 + 4* 81
No pulse in the peripheral arteries 23 + 4 3+2
Arterial hypotension (SBP less than 100 mm Hg) 25+ 2 5+0,3
Venous hypertension (CVP more than 140 mm water column) 27 + 4 7+1

Note: * — (p < 0.05).

stab wounds to the heart minimized the number of diagnostic
mistakes made: only 4 (9.7%) patients went into surgery with a
delay. In those cases, the picture was unclear, and diagnostic
examinations (chest X-ray, ECG) revealed no signs of heart
injury and cardiac tamponade. All these patients received
primary surgical treatment. Thoracotomy was performed 3-4
hours after admission following the appearance of signs of
hemorrhagic shock.

Gunshot wounds to the chest resulting in heart injuries
produced a different clinical picture. Only 12 (26.6%) patients
had the wound in the heart zone, while the remaining 33 (73.3%)
gunshot victims had it out of this zone, which complicated
diagnosing. The clinical symptoms most commonly registered
in this group of patients were: dyspnea (10 (24.4%) cases),
precordialgia (10 (22.2%) cases), neck vein swelling (10 (24.4%)
cases), blue face and neck (9 (20%) cases), tachycardia (8
(17.7%) cases). 7 (15.5%) patients exhibited signs of expansion
of the cardiac dullness percussion boundaries; 6 (13.3%)
gunshot victims felt short of breath. Compared to the slash/
stab wound group, patients with gunshot wounds showed
signs of hemorrhagic shock less frequently; the signs were
arterial hypotension (5 (11.1%) cases) and no pulse in the
peripheral arteries (3 (6.6%) cases). It is safe to say that the
lack of pronounced signs of heart injuries and manifestations
of hemorrhagic shock made diagnosing the cases a more
complicated process. At admission, with just the objective
wound data available, only 12 (26.6%) patients were diagnosed
with heart injuries and allowed straight into the operating room.
The remaining 33 (73.3%) patients were subjected to diagnostic
examinations in the reception ward, which delayed surgery.
38 (84.4%) patients underwent chest X-ray examination; in 30
cases, the results thereof allowed suspecting a wound to the
heart. 29 (64.4%) patients underwent ECG, and 18 (40%) were
subjected to pleural puncture. 40 patients received primary
surgical treatment in the operating room. In 8 (17.7%) cases
belonging to this group, the delay to surgery was from 2 to 3
hours, all of which are attributed to the unclear clinical picture.
The patients went into surgery when their condition deteriorated
and the signs of hemorrhagic shock became more vivid.

Having analyzed the data covering the immediate post-
surgery period, we learned that in the slash/stab wound
group 21 (24.4%) patients developed complications, and 12
(13.9%) cases ended in a fatality. In the gunshot wound group,
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complications were registered in 34 (39.5%) cases, fatality — in
23 (26.7%) cases.

DISCUSSION

This study shows that the clinical picture depends on the kind
of injury to the heart: stab and slash wounds translate into more
pronounced symptoms, while gunshot wounds do not produce
such an effect; this fact should be taken into account when
admitting such patients into the hospital. The main reason
behind the unclear clinical picture in gunshot wound cases is
the severity of the patients' condition, which results from the
shock: it was registered in 46.5% gunshot victims compared
to 31.3% patients with slash/stab wounds. The nature of the
wound is another important factor influencing the clinical picture:
for example, most of the slash/stab wounds were penetrating,
which made the clinical signs more pronounced. The data we
obtained are in line with the relevant research results published
[16]. It should be noted that the treatment results in the gunshot
wound group were worse than in the slash/stab wound group:
the former group registered complications in 39.5% of cases
(immediate post-surgery period) and fatalities in 26.7% of
cases, whereas in the latter group the figures were 24.4% and
13.9%, respectively. The reasons behind the greater share of
developed complications and fatalities associated with gunshot
wounds to the heart should be researched separately and were
not a subject of this study. At that, the relevant reports published
indicate that the number of fatalities and complications
developed following gunshot wounds can be a consequence
of heart bruising resulting from the projectile's hydrodynamic
impact, which influences the post-surgery recovery process
significantly [17].

CONCLUSIONS

The misdiagnosis rate for stab and slash heart wounds is 9.7%,
that for gunshot wounds — 17.7%, the latter being the result
of vagueness of the clinical picture. The clinical signs are most
pronounced in the cases of stab and slash wounds to the heart.
In order to reduce the number of diagnostic mistakes, it is
necessary to apply the notion of "heart zone" when diagnosing
chest injuries, subject patients to US examinations of the heart,
pleural cavities, etc.
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HUMORAL RESPONSE TO EPSTEIN-BARR VIRAL INFECTION IN PATIENTS WITH ALLERGIES
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Type | hypersensitivity is mediated by the production of IgE antibodies in response to normally harmless substances. Debate still continues about the mechanisms
underlying allergic reactions. Reduced barrier tissue function can be one of the risk factors for allergies. The aim of the present work was to compare the humoral
immune response to Epstein-Barr virus in patients allergic to the A. alternata fungus or D. farinae house dust mites and healthy donors. It is known that up to 90%
of the world population are infected with EBV. This infection occurs at early age when a child develops allergy. The antibodies were analyzed using immuno-PCR
and the recombinant EBV protein rEBNA. We were able to demonstrate that infection occurs at early age in both allergic patients and healthy donors. The proportion
of EBP-seropositive individuals was comparable between the groups (75 and 74%). The proportion of patients with high IgG, titers among patients with allergies
was lower (7%) than in healthy donors (18%), suggesting a lower viral load. In patients with allergies (but not in healthy donors) IgG, titers declined as children
grew older (o = 0.037). Besides, IgA, titers were increased in patients with allergies in comparison with healthy donors, but differed between patients allergic to
A. alternata and house dust mites. In allergic individuals, production of IgM against EBV was triggered earlier than in healthy donors. We conclude that IgM
production and the IgA,-mediated humoral response occur earlier in patients with allergies, causing a decline in IgG, titers over time.
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FYMOPAJIbHbIV OTBET HA BUPYC 3MLUTEWHA-BAPP MPU ANTEPTUN

E. B. CaupLuesckasa'™ M. A. Cumorosa', E. B. Matywesckas?, I. B. ®atrtaxosa’, C. B. Xnratan®, [. KO. PasaHues', [. B. Yynakos', C. K. 3aspues’

T VIHCTUTYT BroopraHnyeckoin xummm umern M. M. LLemsikuHa n tO. A. OB4vHHMKOBa, Mocksa, Poccus
2 IHCTWTYT NoBbILLeHWs kBandukaumm GegepansHOro Meamko-oronormieckoro areHTcTea, Mocksa, Poccust
8 Hay4Ho-1CCnenoBaTenbCKuin UHCTUTYT BakLUMH U CbIBOPOTOK UMeHn W, 1. MeuHrkoBa, Mockea, Poccusi

Anneprus | Tvna onocpepoBaHa hopmMrpoBaHremM IgE-aHTuTen K 6e3BpenHbIM BelllecTBaM. MexaHn3Mbl BO3HVIKHOBEHWS anfiepritn OCTaOTCS AVUCKYCCUOHHBIMU.
OpHUM 13 haKTOPOB prCKa MOXKET ObiTb CHYDKEHIE 3aLLUUTHbIX (DYHKLMIA BapbepHbIX TKaHen. Liensto paboTbl Oblno MpoaHamampoBaTh ryMopaibHbIi MMYHHbIN
OTBET Ha BMpYyc SnwreiHa-bapp (BOB) y 6onbHbIx ¢ annepruen Ha rpub A. alternata v knewuen nomatuHen nelnn D. farinae (KAIM) vy 300poBbIx ntogen. 13sectHo,
410 10 90% HaceneHust HULWpoBaHsbl BOB. VHMMLMpoBaHe NpoMCXOamUT B paHHEM BO3pacTe napasiensHo ¢ hopMMPOBaHNEM anneprimyecknx peakLmui.
AHann3 aHTTEN NPOBOAWIN METOAOM UMMYHO-TTLIP ¢ ncnons3oBaHnem pekombuHaHTHoro 6enka BOB rEBNAT. Mokagdanu, 4To MHhMUMPOBaHME Kak Yy 60MbHbIX,
TaK 1y [IOHOPOB MPOVCXOANT B AETCTBE; AONA CEPONONOXKUTENBHBIX N0 BOB MHAMBMAOB Oblna cpasHMMON B rpynnax (75 n 74%). [Jona naumMeHToB ¢ BbICOKMMMN
TTpamm IgG, cpeam 6onbHbIX C anneprueit bbina Hke (7%) No cpasHeHWo ¢ foHopamm (18%), YTO COOTBETCTBYET MeHbLLIEN BUPYCHOM Harpyake. Y 60sbHbIX
C annieprvien, Ho He y 340PO0BbIX SloAel, Habmofanm CHwkeHre TUTPoB IgG, ¢ BospacTom (p = 0,037). Kpome Toro, npu annieprin rosbiWeHs! TUTPb! IgA, no
CpaBHeHVIIo C JOHOpamK, OfHaKO IgA, -0TBeTbI NPy anneprm Ha rprb A. alternata v Ha KON pasnnyanics. Mpy anneprim Takke paxblue hopmrposanmes IgM k
BOB. Takvm 06pasom, Npu anneprin GeicTpee hopmmrpyetcst IgM 1 IgA, ryMopasibHbIl OTBET, YTO MPUBOAMT K CHUDKEHMIO G BO3PacToM IgG,-TUTPOB.

KnioyeBble cnosa: annepris, Knewwy AoMaLlHen nbln, ronbbl A. alternata, pekoOMOUHaHTHbIE annepreHsl, BUpYyC dnwterHa—bapp, nmmyHo-MLP

NHdopmaums o Bknage aBTopoB: E. B. CeupLLeBckas — onpeaenexne IgE TMTpoB Ha annepreqbl B CbIBOPOTKax 60sbHbIX C anneprvein 1 AoHopoB, obpaboTka
[aHHbIX, HanvcaHne ctatbk; C. B. XnrataH — nogbop ChIBOPOTOK OOMbHbIX C annepryein n AOHOPOB pasnMyHoro Bo3pacTa, TunmpoBaHue metopom RIDA;
[ B. ®arraxosa, [. b. YynakoB — onpeaeneHvie IgE TUTPOB Ha annepreHbl B CbiIBOPOTKaxX 60MbHbIX C annepruein n AoHopos; E. B. MaTyluesckas — c60op CbIBOPOTOK
B0rbHbIX C annepruei, obeyxaeHe pesynsratoB 1 HanmcaHre ctaten; M. A. CumoHoga, . HO. PsgaHues — noctarHoBka MNLP; . 0. PasaHueB — akcnpeccust
B E. coli pekoMbuHaHTHbIX 6enkoB BOB, A. alternata v D. Farinae; . tO. YynakoB — HapaboTka, O4MCTKA U XapakTepUCTVKa PEKOMOMHaHTHbIX OEenkos;
C. K. 3aspvieB — onmummadaums MNLP, yqacTvie B 06cy»kaeHnn pesynsraTos.

CobniogeHune 3aTM4eCcKnX CTaH[apTOB: 1CCnenoBaHne 0A0bPEHO ATUHECKM KOMUTETOM VIHCTUTYTa BakLMH 1 CbIBOPOTOK M. 1. . MeuHnkoBa (npoTokon Ne 35
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The Epstein-Barr virus (EBV) is a DNA virus that belongs to the
Herpesviridae family and causes a broad range of pathologies
in humans, from respiratory diseases to cancer. So far,
8 herpesvirus types are known that infect humans. Among them,
herpes simplex virus (types 1 and 2), varicella zoster (type 3),
EBV (type 4), and cytomegalovirus (type 5) are widely spread
in the human population. In contrast, infections caused by
types 6 and 7 herpesviruses and Kaposi sarcoma-associated
herpesvirus are much rarer. Aimost every adult is infected with
at least one type of herpesvirus. The diagnosis is established
based on the presence of specific antibodies in the blood
serum. About 80 to 95% of the world population are latently
infected with EBV or cytomegalovirus [1]. Latent EBV infection
is associated with some cancers [1-3], multiple sclerosis [4-5],
and systemic lupus erythematosus [6]; it also aggravates
the course of HIV infection [7] and triggers production of
autoantibodies against human DNA and proteins [8-9]. The
main EBV antigens are the viral capsid antigen, the early antigen
and the nuclear antigen 1 (EBNA1) [10-11]. EBNA1 ensures
persistence of the virus in its latent state. Type G antibodies
(lgG) against EBNAT are produced by the organism every time
the virus reactivates and reflect the total body viral load.

EBV is spread through bodily contacts, such as kissing,
sharing personal hygiene items, eating utensils or the like.
Airborne transmission is quite rare though possible. Mother-
to-child transmission occurs during pregnancy, childbirth or
breastfeeding. According to some researchers, antibodies
against EBV are detected in 50% of children under 3 years
of age [12-13]. In such cases, the virus is likely to be spread
through sharing eating utensils and kissing.

Type | hypersensitivity is characterized by a IgE-mediated
humoral response to the proteins contained in small, normally
harmless particles, such as pollen, house dust mites (HDM),
animal dander, etc. [14-15]. The skin and bronchial epithelium
of patients with allergies differ considerably from barrier tissues
of healthy individuals [16-17]. The aim of the present study was
to measure a humoral response to EBV in patients allergic to
A. alternata and D. farinae.

Previously, we proposed a method for measuring IgG, titers
against EBV and other allergens based on the quantitative
polymerase chain reaction (PCR) [18-19]. Immuno-PCR (iPCR)
is a sensitive technique that can detect antibodies in biological
fluids [20-21]. Its advantage is the linearity of titration curves
in a wide range of concentrations, which enables detection of
specific antibodies using a smaller number of dilutions [18-19].

METHODS
Sera

Serum samples used in the present study were collected
from children and adults with hypersensitivity to HDM and the
Alternaria alternata fungus at Mechnikov Research Institute
of Vaccines and Sera (Moscow, Russia) between 2009 and
2017. Informed consent was obtained from all donors or their
representatives. Allergy tests were performed using commercial
RIDA panels (Germany). The samples collected from patients
with allergies were included in the study if IgE titers against
A. alternata or D. farina measured by RIDA were interpreted as
classes 3 through 6. Patients who had previously undergone
allergen-specific immunotherapy or had cross-sensitivity to
A. alternata or D. farinae were excluded from the study.
Individuals of different ages who had no IgE against pollen,
fungi or domestic allergens included in the RIDA panel were
considered healthy donors.

Materials

The following reagents and equipment were used in the study:
high protein-binding capacity well-plates (Costar; USA), Nunc
TopYield strips for giPCR (ThermoFisher Scientific; USA),
Tween-20, a ready-for-use 3,3'5,5'-tetramethylbenzidine
solution (Sigma; USA), goat serum (Bovogen Biologicals;
Australia), biotinylated monoclonal anti-human IgG,-IgG, and
anti-Igg antibodies (Southern Biotech; USA), mouse anti-
human IgA, and IgA, antibodies, a conjugate of goat anti-
mouse IgG and biotin and a conjugate of streptavidin and
horseradish peroxidase (BD Pharmigen; USA), biotinylated
oligodeoxyribonucleotide (ODN) (Lumiprobe; Moscow),
streptavidin (Sigma; USA) and recombinant proteins rEBNAT,
Der f 2 and Alt a 1 synthesized in our laboratory [18, 22-23].
Other reagents were purchased from Fluka (Switzerland).

Immuno-PCR

The 10 pkg/ml solution of the recombinant rEBNA1 antigen in
carbonate-bicarbonate buffer (0.05 M, pH 9.6) was pipetted
into the TopYield wells (50 pl per well) and incubated overnight
at 4 °C. In the morning the wells were washed with TETBS
(20 mM Tris-HCI, 150 mM NaCl, 0.1 mM EDTA, 0.1%
Tween-20, pH 7.5) three times. Serum samples were diluted
tenfold with TETBS containing 20% goat serum, and a series
of 1 : 5 dilutions was prepared for each sample. Each diluted
sample was pipetted into the well-plates (25 pl per well) in
three replicates. Six replicates of fetal bovine serum (FBS) were
used as a negative control. The plate with the samples was
incubated on the shaker at room temperature for 30 min. Then,
the plate was washed with TETBS three times. Solutions of
biotinylated anti-human IgG,, I19G,, 19G,, and IgG, antibodies
or mouse anti-human IgA,, IgA, and IgM antibodies in TETBS
containing 20%-goat serum (1 : 1,000) were introduced into the
wells (50 pl per well). The plates were incubated on the shaker
at room temperature for 30 min and then washed three times
with TETBS. To measure IgA,, IgA, and IgM concentrations,
the samples were further incubated with goat anti-mouse IgG
antibodies conjugated to biotin. After washing, 50 pl of 1 pkg/ ml
streptavidin were introduced into the wells, incubated for
10 min, and washed. Then, 50 pl of 5 pM ODN solution in
TETBS containing 20% goat serum were added into each
well and incubated on the shaker at room temperature for
10 min. After incubation, the wells were washed 3 times with
TBS (20 mM Tris-HCI, 150 mM NaCl, pH 7.5). Thirty-five pl of
the PCR mix were added in the wells and overlaid with 30 pl
of mineral oil per well. Real-time PCR was performed in the
DTprime thermocycler (DNA-Technology; Russia). Briefly, the
protocol included initial 5-min denaturation at 94 °C followed
by 40 cycles of annealing and extension at 60 °C for 15 s and
denaturation at 94 °C for 5 s. For each cycle, fluorescence from
the probe was recorded at 520 nm wavelength. PCR results
were analyzed using the thermocycler software provided by
the vendor. For each sample, a mean threshold cycle value
(Cq) and a standard deviation were computed. The detection
threshold was calculated as 3 standard deviations for (Cg-),
where (Cg-) is a threshold cycle value in negative samples. The
titers were determined as a maximal dilution of a serum sample
at which the sample was positive for a measured analyte.

Statistical analysis

Mean and standard deviations were computed in Excel (Microsoft
Office, 2003). The correlation between IgG1-antibody titers

BECTHUK PIMY | 1, 2019 | VESTNIKRGMU.RU



and the groups of patients was evaluated using the parametric
Pearson’s x2-test and Student’s t-test. The differences were
considered significant at p < 0.05 yielded by the two-tailed
analysis.

RESULTS
Specifics of iPCR

The iPCR-based method used in this study is described in the
Table. On the whole, steps 0-3 of iPCR are similar to those of
ELISA: the antigen is applied onto a plate (step 0); incubated
with a blood serum sample (step 1); then with biotinylated anti-
human IgG1 antibodies (step 2); streptavidin-ODN (PCR) or a
streptavidin-horseradish peroxidase conjugate (ELISA, step 3).
Step 3 in iPCR is divided into two substeps and includes
incubation with streptavidin followed by incubation with biotin-
ODN, which enhances iPCR sensitivity. Step 4 is purely PCR or
the addition of a substrate for horseradish peroxidase (ELISA).

In ELISA, the substrate-based detection step remains
unstandardized and depends on the day of experiment and
the time of reaction termination. Using iPCR, one can reduce
the time required for the reaction by as much as 1 hour. The
iPCR makes the analysis more standardized and therefore less
dependent on the operator. It also increases the sensitivity of
the analysis due to a stronger linearity of the obtained data
[18-19].

IgE-mediated response to allergens

Serum samples collected from allergic individuals were
assayed using commercial RIDA panels. Those containing IgE
antibodies against Dermatophagoides farinae and Alternaria
alternata were included in the initial phase of the study.
Specifically, we selected the samples interpreted as class 3
and above, according to RIDA scores. Fig. 1 shows distribution
of the allergic patients into groups based on RIDA classes. In

Table. Comparison of iPCR and ELISA steps

ORIGINAL RESEARCH | IMMUNOLOGY

some samples, no IgE antibodies were detected against any of
15 allergens present in the panel (pollens, fungi and domestic
allergens). Such sera were used as healthy donor samples.
Ultimately, a total of 30 samples were selected representing
patients with allergies and healthy donors aged 0 to 15 years.

Total humoral response to EBV

A pool of 10 RIDA class 5 and 6 serum samples was used to
profile the repertoire of anti-EBV antibodies in patients aged
3-15 years with respiratory allergies to HDM and A. alternata. A
pool of samples collected from 10 healthy donors of the same
age was used as a control. The titers of rEBNA1-recognizing
immunoglobulins were as follows: IgM > 19G, > IgA, > IgA, >
IgG, (Fig. 2) in donors and IgM > IgA, > IgG, > IgA, > IgG, in
patients with allergies. The titers of IgG, and IgG, were low in
both groups. Significant differences between allergic patients
and healthy donors were observed only for IgG, and IgA,.
The IgG, to IgA, ratio was 9 and 0.4 for healthy donors and
allergic patients, respectively, suggesting that the IgA-mediated
response prevailed in the studied cohort of patients whereas
the IgG,-mediated response prevailed in healthy donors.

Analysis of I9G,-mediated response to EBV

Viral infections normally trigger production of class IgG,
antibodies. Fig. 3A shows age-based distribution of IgG,
titers against EBV in the sera of patients allergic to HDM and/
or A. alternata and healthy donors. The analysis revealed that
infection had been acquired at early age in both groups. A few
4-6-year-old children in both groups had IgG, levels above
1,000. Mean IgG, titers were 330 and 1,500 in the group of
patients aged 3 to 10 years and healthy donors, respectively. In
patients aged 11-20 years and healthy donors of the same age,
the titers were 720 and 490, respectively, indicating a tendency
to early infection or early immune response. Because of the
considerable variability in the data, no significant differences

Steps 0 1 2 3 4
PCR Antigen Serum algG1-bio* Streptavidin/ODN PCR Time
Overnight 30 min 30 min 10/10 min 1h 3-4h
ELISA Antigen Serum algG1-bio Streptavidin-HP** Substrate
Overnight 1h 1h 1h 20 min 4-5h

Note: *algG1-bio represents any biotinylated antibody to any class or subclass of antibodies (G, A, E); **HP is horseradish peroxidase.

A

RIDA Class

Age (years)

RIDA Class

Age (years)

Fig. 1. IgE-mediated response in patients with allergies measured by RIDA. IgE levels in the serum samples of patients allergic to house dust mites (A) and A. alternata

(B) were interpreted as classes 0-6 proportional to IgE titers
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were observed between the groups. No differences were found
in the level of antibodies against EBV between patients allergic
to HDM or A. alternata and healthy donors (Fig. 3B).

While determining the proportions of individuals who did
not have antibodies against EBV and those who had low
(< 100), moderate (100-1,000) or high (>1,000) IgG, titers, we
established that 75% of children in both groups aged 3-15 years
had a latent EBV infection (Fig. 4A) and 45% of individuals in
both groups had low titers of antibodies. The groups differed
in terms of high IgG, titers: the titers over 1,000 (2,000-8,000)
were observed in 20% of healthy donors and only 7% of allergic
children (Fig. 4A). This suggests a better resistance to the viral
infection in allergic patients. Anti-EBV antibody levels were
comparable in both groups (Fig. 4B).

Analysis of IgA, and IgM-mediated responses to EBV

As shown above, IgA, antibodies were slightly though reliably
increased in patients with allergies (p = 0.03). A more detailed
analysis revealed that the most pronounced difference could
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be observed at early stages of the viral infection (Fig. 5A).
Moderate anti-EBV IgA, titers in patients with allergies and
healthy donors aged 3 to 10 years reached 425 and 265,
respectively; in patients aged 11-30 years, they were 690 and
370, respectively. Besides, IgA, titers tended to increase with
age in both groups (Fig. 5A). Interestingly, IgA, titers against
EBV were indicative of the difference in response to the viral
infection between patients with different allergies. The levels
of IgA, against EBV were significantly higher in patients with
allergies to HDM (Fig. 5B) than in patients with IgE against
A. alternata and in healthy donors.

In both healthy donors and patients with allergies, moderate
IgM titers against EBV were higher than class G and A
immunoglobulin titers by one order of magnitude. The obtained
data were split into two groups: low titers (< 5,000) and high
titers (> 15,000) (Fig. 5C, D). The proportion of individuals with
high IgM titers in both groups was =~ 60%. No differences in
IgM levels depending on the age and mean titer were observed
in the high IgM subgroup (Fig. 5C). In the low IgM subgroup,
patients with allergies produced anti-EBV antibodies earlier
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Fig. 2. Analysis of rEBNA1-recognizing immunoglobulins present in the sera of healthy donors and patients with allergies. Analysis of IgA,, IgA,, IgM (A), 19G,, 19G,,
IgG,, and IgG, (B) in the pooled sera of 10 donors and 10 allergic patients. The figures are presented as mean values + a standard deviation. Statistically significant

differences (p < 0.05) are marked with a vertical line with a cross-bar
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Fig. 3. Analysis of rEBNAT1-specific IgG, in the sera of healthy donors and patients with allergies. A. Analysis of IgG, titers in individual sera of patients allergic to
A. alternata (n = 15), house dust mites (n = 9) and healthy donors (n = 38). Vertical lines with cross-bars indicate mean values + a standard deviation. B. Relationship
between rEBNA1-specific IgG, titers and age in the individual samples of sera collected from allergic patients (1 = 53) and healthy donors (n = 34). Power approximation

is marked with lines and t-test probability is also shown
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Fig. 5. Analysis of rEBNA1-specific IgA, and IgM in the sera of healthy donors and patients with allergies. Distribution of IgA, (A) and (B) titers in the individual serum
samples of patients allergic to A. alternata (n = 11), house dust mites (n = 21) and healthy donors (n = 23) depending on donors’ age. Distribution of rEBNA1-specific
IgA, (C) and IgM (D) in the sera of healthy donors and patients with allergies. IgM data are given for the sera with low (grey circles) and high (black circles) IgM titers.
Vertical lines with cross-bars show mean values + a standard deviation. Significant differences (p < 0.05) are marked with horizontal bars

than healthy donors (Fig. 5D). A rise in IgM titers in the low IgM
subgroup was detected in patients allergic to both HDM and
A. alternata (Fig. 5D).

DISCUSSION

After primary infection with EBV, the organism starts to produce
different (sub)classes of antibodies. A human body is capable
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of producing isotypes M, A, G and E that also include the
I9G,-1gG, and IgA —IgA, subtypes. The main pool of class
M antibodies represents innate immunity; IgM titers increase
during primary infection. IgA is involved in mucosal defense.
IgE rises in response to parasitic infections and allergens. At
present, it is believed that IgA and IgE are adaptive immunity
components because their production requires B-cells to
“switch” from secreting IgM to other immunoglobulins. However,
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recently there has been a lot of debate about the possibility of
such “switch” occurring without participation of T cells [23, 24],
which is how innate immunity functions. Class A antibodies are
produced in response to exposure to early antigens, such as
VCA and EA [25]. IgA and IgM antibodies to early antigens are
markers of viral reactivation or secondary infection. IgA titers
against the late EBNA1 antigen are also significantly increased
in patients with nasopharyngeal cancer [26].

The data yielded by our experiment demonstrate that
patients with allergies responded to EBV infection by an early
and significant increase in IgA, and IgM titers. Their IgA, titers
were lower than IgA, and did not differ significantly between
the groups (these data are not provided in the present
article). Allergies are accompanied by mucosal inflammation
and increased production of cytokines and chemokines [17,
24], leading to the activation of B cells. IgM production was
comparable between healthy donors and allergic patients (both
with a strong serological response) indicating an equally strong
immune response to the reactivation of IgM-secreting B cells by
the virus.

IgG proteins are the main protective component of the
adaptive humoral response. The “switch” of B cells to IgG
production occurs only in parallel with the antigen-specific
T-dependent response to EBV. It is known that IgG1 secretion
dominates antiviral response [27-28]. According to the literature,
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A CORRELATION BETWEEN THE FLUCTUATIONS OF CYTOKINE CONCENTRATIONS MEASURED
IN THE MORNING AND EVENING AND THE CIRCADIAN BLOOD PRESSURE RHYTHM

IN PATIENTS WITH STAGE Il ESSENTIAL HYPERTENSION
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Today, increasing attention is being paid to the role of circadian rhythms in pathology. There are time-of-day-dependent immune markers that provide valuable
information about disease progression. The aim of this study was to measure evening and morning concentrations of a few cytokines (interleukins, adhesion
molecules, tumor necrosis/growth factors, etc.) in the peripheral blood of patients with stage Il essential hypertension and to investigate how they correlate with
a nocturnal blood pressure decline. Blood samples were collected from 90 patients with stage Il EH at 7:00 a.m. and 8:00 p.m. Cytokine concentrations were
measured using immunoassays. Based on 24-h blood pressure monitoring, the patients were distributed into 3 groups: dippers, non-dippers and night-peakers.
The morning to evening ratios of cytokine concentrations in patients with EH differed from those in healthy controls due to an increase in the evening concentrations
of somnogenic cytokines (IL1B3, IL1a) and LIF, sLIFr, and M-CSF whose daily fluctuations patterns remain understudied. On the whole, the fluctuation patterns of the
measured cytokines in patients with stage Il EH who had had the condition for 10 to 14 years and were receiving no antinypertensive treatment at the time of our
study differed from those displayed by healthy controls. A twenty percent rise in the evening concentrations of IL1a, LIF, sLIFr, M-CSF, and erythropoietin contributes
significantly to pathological blood pressure rhythms (as demonstrated by the groups of non-dippers and night-peakers) in patients with stage Il EH receiving no
antihypertensive therapy. Understanding the pathophysiological role of cytokine levels and their fluctuations over a 24-h cycle could inspire new methods for EH
prevention and reduce end-organ damage.
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CBAA3b CYTOYHbIX KONIEBAHU COOEPXXAHUA LULMTOKUHOB C USBMEHEHUEM
PUTMOB APTEPUAJIbHOIO OABNEHWSA NMPU 3CCEHUUANIBHOW
APTEPUAJIbHON MTNEPTEH3UN BTOPOW CTAOUN

0. A. Pagaesa'=, A. C. Cumbupues?, A. B. XoBpsikos®

T MopaoBCKuMiA rocyaapcTBeHHbIN yHBepcuTeT nvenn H. M. Orapesa, CapaHck, Poccus
2 [ocynapCTBEHHbIN HayHHO-VCCNEA0BaTENBCKUA MHCTUTYT 0COB0 YMCTbIX BronpenapaTos PefepanbHOrO MeayKo-6ronormdeckoro areHTcTea, CaHkT-MNeTepbypr, Poccus
3 TBY3 PM «PecnybnvkaHckas knuHndeckas 6onbH1ua Ne 4», CapaHck, Poccus

Bce 6orblie BHUMaHVS yaenseTcs MCCnefoBaHnio PO CyTOYHbIX PUTMOB B MATOMOMMYECKYX MPoLeccax B opraHvame. besycnoBHO, CyLLECTBYIOT CyTOUHbIE
VIMMYHHbIE MapKepbl, MO3BOMSIOLLME CyOuUTb O MpOrpeccupoBaHvM psiaa 3abonesaHuid. Llenbto nccnepoBanns Obino M3yYnTb COAepXKaHne LMTOKMHOB
(MHTEPNENKMHOB, MONEKYN aare3unu, akTopoB HEKPO3a OMyXonu, pocTa U Ap.) B CbIBOPOTKE NepUepnHeCcKon KpoBm B0MbHbIX 3CCEHLManbHOM apTepranbHOM
runepteHaven (OAN) Il cTagun B yTpeHHee/BedepHee BPeMsi 1 ero KOPPEensaLmio CO CTEMEHbIO CHUDKEHVS apTepuanbHoro aasneHus (AL) B HoYHoe Bpemst. Y
90 naumeHToB ¢ DAI Il cTagum nposoannu 3adop kposw B 7.00 1 20.00 4, onpeaensnm MMMyHoepMEHTHbIM METOLOM B CbIBOPOTKE Nepudepnyeckoin Kposn
LIMTOKVHBI 1 MPOBOAMIN aHa/3 AaHHbBIX CyTOHYHOrO MOHMTOpUpOBaHKs ALl ¢ BbldeneHvem rpynn: «Dipper», «Non-dipper», «Night-peaker». OBHapy»<eHO 13MeHeHe
OTHOLLIEHVS! YTPEHHUX N BEYEPHUX KOHLIEHTPALWIA NMPY CPaBHEHWM CO 340POBbIMM, 3@ CHET MOBbILLEHWSI CTEMEHM pocTa B BeYepHEee BPEMS Kak LIUTOKMHOB
13 rpynnbl «somnogenic» (IL163, IL1a), Tak 1 Mano nsyyeHHbIX B acnekTe CyTOoYHbIX 3akoHomMepHocTen LIF, sLIFr, M-CSF. OuHamuka v ypoBHU 1cchesyemMblx
nokaaarene y naumeHTos ¢ Al |l cTagnen n aHamHe3oM 3abonesaHnsa 10-14 neT 6e3 rMNOTEH3MBHOW Tepanin OTIMHAICL OT TakoBbIX B MPyMne 3A0POBbIX
L06POBObLEB (KOHTPONS). MoBbiLeHne koHUeHTpauwin IL1a, LIF, sLIFr, M-CSF, sputponoatuHa B 20.00 4 Ha 20% 1 6onee SBAseTcs 3Ha4YNMbIM KOMMOHEHTOM
hopM1poBaHYS NaTONOrMHECKIX OKoNocyToqHbIX prTMoB AL («Non-dipper» 1 «Night-peaker») y 6onbHbix AT Il cTapun npu gnvtensHocT 3adonesaqns 10-14 net (6es
npuemMa rmnoTeH3uBHbIX NpenapaTos). MoHMMaHVe NaToMK3MONOrNHECKOR PO N3MEHEHUS HE TOMBKO KOIMHECTBEHHbIX XapaKTEPUCTUK LIUTOKMHOB ChbIBOPOTKM
nepudepn4eckoin kposn y 6obHbIX DAL Il cTagmm, HO 1 OCOBEHHOCTEN NX CYTOHHOMN AMHAMUKNA MOXET CTaTb OCHOBOW CO3LAHUS HOBbIX CUCTEM MPOMUNaKTUKN
nporpeccnpoBanst DAl U CHU3UTL YaCcTOTY NOBPEXAEHVSI OPraHOB-MULLIEHEN.

KntoueBble cnosa: LIMTOKMHbI, 3CCEHLmanbHas aptepuanbHas runeptenHans, «Dipper», «Non- dipper», «Night-peaker»
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Circadian rhythms are adaptive oscillations in behavior and
physiology that follow a roughly 24-h cycle and prepare an
organism for the environmental effects of the Earth’s rotation
[1]. The circadian clock originated in cyanobacteria and is found
in all multicellular organisms and mammals in particular. In
2017, the Nobel prize in physiology or medicine was awarded
to Jeffrey C. Hall, Michael Rosbash and Michael W. Young
“for their discoveries of molecular mechanisms controlling the
circadian rhythm”. This award has emphasized the importance
of research into the role of daily cycles in health and pathology.
In 1960 Halberg et al. articulated the basic principles of
circadian rhythm research in immunology after discovering a
circadian pattern of sensitivity to an endotoxin administered to
mice at different times of day. The sleep/wake cycle is one of
the most well-studied manifestations of the circadian rhythm,
correlating with the immune response and blood pressure (BP)
dynamics [2]. It is currently assumed that proinflammatory
cytokines are somnogenic, i.e. increasingly synthesized during
the resting phase, whereas anti-inflammatory cytokines, such
as IL10, are activated upon awakening and inhibit sleep. In this
respect, IL1B3, TNFa, IFNy, IL6, IL4, and IL10 are currently the
best studied [1, 3, 4, 5]. Blood pressure control is exerted by
the following neuroendocrine mechanisms: the monoaminergic
systems that regulate the physiological activity of the
autonomous nervous system and the secretion of biogenic
amines; the hypothalamic-pituitary-adrenal and hypothalamic-
pituitary-thyroid axes; the opioid, renin-angiotensin-aldosterone
and endothelial systems, and vasoactive peptides [6, 7].
Recently, there has been growing interest in circadian rhythms
and their effect on the immune system, but in spite of significant
advances in the understanding of their mechanisms, many
circadian phenotypes are yet to be explained. A number of
experimental studies have suggested an association between
the fluctuations of cytokine levels at different times of day
and end-organ damage [8] and also a nocturnal decline in
BP [9]. Progredient essential hypertension (EH) accompanied
by stably high BP with very slight fluctuations in the evening
correlates with the levels of certain cytokines. This suggests
the existence of time-of-day-dependent immune markers that
promote cardiovascular diseases and provides rationale for our
study. This work aims to investigate the association between
the morning/evening levels of certain cytokines (interleukins,
adhesion molecules, tumor necrosis/growth factors, etc.), as
well as erythropoietin, in the peripheral blood of patients with
stage Il EH and the nocturnal BP decline registered in such
patients.

METHODS

The study was carried out at the facilities of the Regional
Vascular Center of Mordovian Republican Clinical Hospital
No.4, Mordovian Republican Clinical Hospital No.3 and the
Department of Immunology, Microbiology, and Virology of
Ogariov Mordovian State University. The study recruited
90 patients (40 men and 50 women). Fifty healthy volunteers
with no signs of EH constituted the control group. The groups
were comparable in terms of age and sex. The following
inclusion criteria were applied: age of 57.5 + 1.17 years; stage
Il EH (duration of 10 to 14 years); no antihypertensive treatment
received. Exclusion criteria included comorbidities; types |
and Il diabetes mellitus; metabolic syndrome; autoimmune
disorders; allergies; symptomatic therapy aimed to normalize
blood pressure; infections 1 month before the study; alcoholism
or drug addiction; refusal to participate in the study. Peripheral
blood samples were collected from the patients and healthy

controls at 7:00 a.m. and 20:00 p.m. The interval between blood
collection and meals was at least 6 h. The following cytokines
were assayed: IL1B, IL1a, IL1ra, IL18, IL18BP, IL37, IL6, sIL6r,
LIF, sLIFr, TNFa, sTNF-RI, IL2, IL10, TGF-B1, IL8, CX3CLT,
CXCL10, INFy, M-CSF, erythropoietin, and a few vasoactive
peptides, including NO, iNOS, eNOS, ADMA, SDMA, Nt-
proCNP, and Nt-proBNP. In 20% of patients, blood sampling
was repeated a month later to test the reproducibility of the
results. The variance was 3 to 6%. Time for blood collection
was chosen based on the literature [1, 8, 10] and our own pilot
study which we had conducted in 5 healthy individuals and
24 patients with stage Il EH with different circadian BP rhythms.
In that study, we had analyzed the levels of 6 cytokines, including
IL1a, LIF, sLIFr, M-CSF, and erythropoietin, measured at 6:00 a.m.,
8:00 a.m., 12:00 a.m., 4:00 p.m., 8:00, and midnight.

Peripheral blood concentrations of the studied cytokines
and vasoactive peptides were determined with ELISA using
the Personal Lab TM analyzer (Adaltis; Italy) at the laboratory
of the Department of Immunology (Ogariov Mordovian State
University; laboratory license 13.01.04. 0001.L.000005.06.11
issued 23.06.2011).

All study participants had their blood pressure monitored
at the Regional Vascular Center of the Mordovian Republican
Clinical Hospital 4 and Mordovian Republican Clinical Hospital
3 using Space Labs Medical 90702 (Spacelabs Medical,
Inc.; USA) according to the recommendations of the Fourth
International Consensus Conference on Ambulatory Blood
Pressure Monitoring (Belgium, 1994); the obtained blood
pressure values were added to the patients’ medical histories.
The patients were divided into 3 groups depending on the
degree of BP fluctuations at night: dippers (10-20% decline),
non-dippers (< 10% decline); night-peakers (elevated BP).

The data were processed in Statistica ver. 8.0. (StatSoft
Inc.; USA). Normality of data distribution was tested using the
one-sample Kolmogorov-Smirnoff test. If the distribution was
normal, the data were presented as an arithmetic mean (M)
and a standard deviation (SD); if the distribution deviated from
the norm, the data were presented as a median (Me) and the
interquartile range (C25-C75). Depending on the normality of
data distribution and the sample size, the two-sample t-test
and the Mann-Whitney U-test were used to compare unrelated
samples; related samples were analyzed using the paired t-test
and Wilcoxon signed rank test.

RESULTS

The patients with stage Il EH who had been suffering from
this condition for 10 to 14 years and were not receiving
antihypertensive therapy around the time of the study, had
higher morning concentrations of IL1B3, IL1a, IL18, IL18BPR, IL6,
slL6r, LIF, TNFa, sTNF-RI, IL10, TGF-1, IL8, CX3CL1, CXCL10,
INFy, M-CSF, and erythropoietin (o < 0.001) and lower morning
concentrations of IL1ra (p < 0.001) than the healthy controls
(Table 1). The following dynamics were observed in the control
group in the evening: IL1B3 levels rose by 14.1% (0.37), p < 0.05;
IL1a, by 14.8% (0.33), p < 0.05; IL6, by 29.2% (0.98), p < 0.001;
TNFa, by 12.3% (0.78), p < 0.01; sTNF-RI, by 12.6% (0.65),
p < 0.05; IL1ra dropped by 14.6% (0.32), p < 0.01; IL10, by
23% (0.58), p < 0.01, and slL6r, by 30.4% (1.54), p < 0.001.
In the patients with stage Il EH the pattern was the same as
in the controls, but the changes were more pronounced: IL13
concentrations rose by 21.3% (0.92), p < 0.001 and IL1a, by
31.2% (1.12), p < 0.001. The most significant, clinically relevant
differences registered in the group of patients with EH were
observed for LIF concentrations that increased by 16% (0.43),
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p < 0.01, and for sLIFr that demonstrated a 22% rise (0.63),
p < 0.001. In our hypertensive patients, M-CSF levels increased
by 20.2% (0.42), p < 0.001, and erythropoietin, by 36.5%
(1.22), p < 0.001, whereas IL18BP concentrations declined by
11% (0.27), p < 0.05 and IL37, by 21.7% (0.86), p < 0.001,
in contrast to the control group. The evening rise in the IL6
and TNFa concentrations was comparable between the two
groups: IL6 levels surged by 31% (1.02) and 29.2% (0.98),
p < 0.001, respectively, while TNFa levels rose by 12.3%
(0.78) and 12.2% (0.66), p < 0.01), respectively. In the healthy
volunteers, slL6r levels decreased in the evening (p < 0.001),
attenuating IL6 activity after 8 p.m. In contrast, the patients
with elevated blood pressure did not have this protective
slL6r decline. The analysis of evening IL10 concentrations
revealed a comparable decline (p < 0.01) in the levels of this
proinflammatory cytokine between the groups, which reached
17% (0.58) and 15% (0.63) in the healthy individuals and
patients with EH, respectively.

The analysis of concentrations of cytokines and vasoactive
peptides measured at different times of day yielded strong
direct correlations between the evening concentrations of IL1a
and ADMA, r = 0.76, p < 0.01 (for their diurnal levels r = 0.58,
p < 0.05); sLIFr and SDMA, r = 0.85, p < 0.001 (for their diurnal
levels r = 0.69, p < 0.05); beM-CSF and SDMA, r =0.81, p < 0.01
(for their diurnal levels r = 0.51, p < 0.05). The strength and
the direction of correlations between the levels of IL1{3, IL1ra,
IL18, IL18BP, IL37, IL6, sIL6r, LIF, TNFa, sTNF-RI, IL2, IL10,
TGF-B1, IL8, CX3CL1, CXCL10, INFy, and the concentrations
of vasoactive peptides in the blood serum measured in the

ORIGINAL RESEARCH | LABORATORY DIAGNOSTICS

evening did not differ from the results obtained for the samples
that were collected at 7:00 a.m.

A pronounced increase in the concentrations of the
cytokines that correlated with vasopressor factors in patients
with stage Il EH suggests that there might be a correlation
between the morning/evening levels of these cytokines and the
BP phenotypes (dipper, non-dipper and night-peaker).

The dippers, whose BP dropped by normal 10-20% at
nighttime, as well as other patients with stage Il EH, had higher
concentrations of proinflammatory cytokines. In this subgroup,
the dynamics observed for IL13, IL18, IL18BP, IL37, LIF, sLIFr,
TNFa, sTNF-RI, IL2, IL8, IL10, IFNy, CX3CL1, CXCL10, TGFp1,
and M-CSF were the same as in the healthy individuals (Table 2).
Only 6 cytokines demonstrated a different behavior: IL6 and
slL6r (a less pronounced rise in IL6 in the evening accompanied
by high and stable sIL6r concentrations); protective IL1ra and
erythropoietin that did not decline as in the healthy volunteers;
elevated evening IL1a that demonstrated a more than 20%
rise in comparison with its morning concentrations. The
analysis of the cyclic dynamics demonstrated by 21 studied
cytokines established that evening deviations from morning
concentrations by more than 20% were the most pathogenic in
terms of their contribution to the progression of hypertension. In
the dipper group, such deviations were observed only for IL1a
associated with increased ADMA in patients with stage Il EH.

The non-dippers, whose BP dropped by only 10% at the
most, demonstrated a more pronounced change in cytokine
concentrations in the evening than the healthy controls and the
dippers (Table 2). Only 9 cytokines followed a similar pattern

Table 1. Moming and evening concentrations of cytokines (pg/ml) in the serum samples of patients with stage Il EH (duration of 10 to 14 years, no antihypertensive

treatment applied)

Healthy controls (n = 50) Patients with stage Il EH (n = 90)
Cytokines 7.00 a.m. 8:00 p.m. 7.00 a.m. 8:00 p.m.
1 2 3 4
IL1B 5.2 (1.87) 5.95 (1.37)" 18.7 (5.8)*" 22.8 (6.12)*2°
IL1a 3.83(1.17) 4.37 (0.99)" 13.2 (3" 17.2 (2.93)*23
IL1ra 691 (99) 598 (96)"' 575 (108)* 582 (96.2)
IL18 197 (59) 201 (48) 371 (84)" 382 (83)
IL18BP 4934 (1173) 4903 (1122) 6710(1980)* 5970 (1783)123
IL37 90 (25.6) 88 (17.3) 92 (24.5) 71.6 (18.2)"
IL6 3.12 (0.63) 4.03 (0.69)"" 23.7 (4.2)" 27.2 (3.92)"23
slL6r 681 (52) 478 (50)! 1826 (263)* 1902 (255)*2
LIF 1.41 (0.61) 1.47 (0.54) 7.54 (2.4)" 9.08 (2.24)*23
sLIFr 3920 (1123) 4003 (1223) 4100 (1200) 5100 (1420)*2®
TNF-a 7.56 (1.83) 8.49 (1.64)71 21.4 (4)* 23.2 (3.84)*2n3
sTNF-RI 1620 (367) 1817 (367)" 2770 (670)*" 2810 (627)*2
L2 10.1 (2.12) 10.7 (1.97) 10.8 (3.11) 10.4 (2.82)
IL8 8.75 (1.82) 9.21 (2.03) 29 (7.83)" 31.2 (6.61)*
IL10 18.2 (5.7) 15.9 (4.83)7" 26.2 (7.9)" 22.3 (6.87)*"
IFNy 8.97 (2.23) 8.84 (2.14) 18.4 (4.3)" 18.7 (3.96)*
M-CSF 202 (51) 197 (47) 389 (92)" 463 (87)*%°
CX3CL1 422 (61.3) 436 (58.1) 520 (120)*! 503 (112)12
CXCL10 8.83 (1.73) 8.97 (1.24) 18.2 (4.5)" 17.9 (3.84)*
TGFB1 11.5(3.23) 10.2 (2.84) 21.4 (4.64)" 20.2 (4.24)*
Erythropoietin 3.93 (1.31) 4.27 (1.01) 12.6 (3.8)"" 17.2 (3.43)*23
Note: significance of differences: ' — < 0.05, * — < 0.01, * — < 0.001 (comparison with the specified group). The data are presented as an arithmetic mean (M) and

a standard deviation (SD).
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of morning-to-evening changes as in the healthy controls,
including IL18, TNFa, sTNF-RI, IL2, IL8, IFNy, TGFp1, CX3CLT1,
and CXCL10. Evening deviations from morning concentrations
reaching over 20% were observed for IL1B, IL1a, IL37, LIF, sLIFr,
IL10, M-CSF, and erythropoietin and were statistically significant
between the non-dippers and the healthy controls. IL37 and
IL10, which might be protective against the progression of
EH, as suggested by the study results, demonstrated a more
pronounced evening drop in the patients with insufficiently
low nocturnal BP than in the healthy individuals. In contrast,
IL1B, IL1a, LIF, sLIFr, M-CSF, and erythropoietin concentrations
tended to grow in the evening in such patients. It should be
noted that evening and morning levels of IL1ra in the non-
dippers did not differ, whereas a significant IL1ra decline was
observed in the controls, suggesting protection against rising
IL1B and IL1a, just like in the dippers.

In the night-peakers with elevated nocturnal BP, the daily
dynamics of IL1ra, IL18, TNFa, sTNF-RI, IL2, IL8, CX3CLT1,
CXCL10, and TGFB1 were similar to those observed in
the controls (Table 2). Evening deviations from morning
concentrations reaching over 20% were noticed for IL1[3,
IL1a, IL37, LIF, sLIFr, M-CSF, neopterin, and erythropoietin and
were statistically significant between the night-peakers and
the healthy controls. IL37, which could be relatively protective
against the progression of hypertension in patients with
elevated BP, exhibited a more pronounced evening decline as
compared to the controls, whereas for IL1B3, IL1a, LIF, sLIFr,
M-CSF, neopterin and erythropoietin, a more pronounced rise

was observed. It should be noted that in the night-peakers, IL10
concentrations did not differ between morning and evening,
although they did go down in the healthy controls; this tendency
might be protective against the rising levels of proinflammatory
cytokines. In our study, the cytokine synthesis pattern was
similar in the night-peakers and the non-dippers, differing only
in the behavior of IL1ra. The evening concentrations of this
cytokine dropped significantly in the night-peakers; however,
proinflammatory IL10 did not drop at all, which was not the
case with the non-dippers. This makes the night-peaker and
non-dipper groups somewhat equivalent in terms of protection
against EH progression. In the night-peakers, the evening levels
of IL1a, M-CSF and erythropoietin increased more than in the
non-dippers (> 35% at 8:00 p.m.), but the overall pattern of
their dynamics was the same.

DISCUSSION

Cytokines, including IL1(3, TNFa, IFNy, IL6, IL4, and IL10, affect
the biological activity of neurotransmitters/neuromodulators
and exert a direct effect on neurons in some areas of the
brain, regulating the sleep cycle, which remains the most well-
studied circadian rhythm [2]. This means that these cytokines
are involved in the processes indirectly related to the sleep/
wake cycle, including blood pressure fluctuations. We have
found that the daily dynamics of cytokine concentrations is
abnormal in patients with stage Il EH (duration of 10 to 14 years)
in comparison with healthy controls: concentrations of somnogenic

Table 2. The relationships between morning and evening concentrations of cytokines (pg/ml) in the serum samples of patients with stage Il EH (duration of 10 to

14 years, no antihypertensive treatment applied) AND the blood pressure phenotype

«Dipper» (n = 36) «Non-dipper» (n = 30) «Night-peaker» (n = 24)
Cytokines 7.00 a.m. 8:00 p.m 7.00 a.m. 8:00 p.m 7.00 a.m. 8:00 p.m
1 2 3 4 5 6
IL1B 16.3 [3.24-25.1] 18.7 [10.3-29.4]M" 16.8 [3.32-26.4] 22.3 [15.6-32.8]"%* 22.4[10.4-32.2]".2 29.4 [18.9-36.3]*2514
IL1a 12.5[5.72-17.3] 15.2 [10.4-21.3]" 12.8 [6.23-17.9] 17.3 [13.8-23.1]72* 16.2 [10.1-20.2]"1.3 23.7 [17.2-24.8]254
IL1ra 570 [493-670] 591 [517-691] 567 [488-691] 586 [504-652] 589 [468-702] 514 [387-601] '245
IL18 370 [311-432] 400 [322-465] 362 [291-421] 407 [319-467] 389 [298-444] 397 [263-450]
IL18BP 6740 [5370-8457] | 5990[4700-7100]"" 6940 [5128-8620] 6103[4620-7130]" 6630 [4970-8520] 5930 [4550-7310]"°
IL37 87.5[70.2-110] 82.3 [569.3-109] 90.1 [67.5-106] 60.4 [32.2-83.3]*2.2 85.4 [68.7-114] 62.5 [33.4-80.9]%°
IL6 23.9[20.8-26.7] 27.2 [24.5-29.9]"1 24.3 [20-26.9] 27.7 [24 -29.3]"° 23.7 [21.2-26.5] 26.8 [24.8-30]"°
slL6r 1826 [1648-2003] 1902 [1730-2073] 1793 [1615-2121] 1837 [1710-2113] 1804 [1583-2107] 1924 [1698-2107]
LIF 8.07 [4.68-10.3] 8.56 [6.86-9.93] 7.09 [4.92-9.12] 10.8 [9.92-12.1]72* 8.32 [5.13-9.3] 11.3 [8.43-12.9]*2°
sLIFr 4140 [3120-4820] | 4320 [3270-5240] 4060 [3230-4770] 5930 [4600-7720]*2.° 3980 [3040-4910] 6030 [4580-7810]*%°
TNF-a 21.2[18.3-24] 23.6 [20.9-26.1]"1 20.7 [18.9-23.5] 23.1[20.2-25.7]"3 20.9 [17.9-24.3] 23.9 [21.6-26.7]"°
sTNF-RI 2790 [2320-3220] | 3030 [2607-3450]" 2810 [2280-3110] 3110 [2406-3640]"® 2720 [2120-3310] 3090 [2540-3620]"°
IL2 10.6 [8.92-12.9] 10.4 [8.5-12.2] 10.9 [8.83-12.4] 11.1 [8.69-12.5] 10[8.63-11.7] 10.4 [8.57-12.1]
L8 29.1[23.7-34.3] 31.2 [26.8-35.6] 30.4 [23.9-34.8] 32.4 [27.7-36.2] 29.8 [22.9-33.8] 30.9 [25.9-35.3]
IL10 26.2 [20.9-31.5] 22.3 [17.7-27]" 27.8 [19.7-32.6] 21.6 [16.9-26.3]' 25.7 [19.1-30.3] 23.5 [18.5-28.1]
IFNy 18.4 [15.5-21.3] 19.3 [16-21.8] 18.9 [16.7-22.3] 20.2 [17.3-22.4] 17.9 [14.7-21.8] 21.1 [17.4-24.3]'25
M-CSF 371 [320-448] 402 [345-484]" 378 [314-452] 451 [391-540]12*3 394 [322-440] 517 [410-614]245
CX3CL1 520 [439-607] 5083 [427-579] 553 [455-647] 544 [409-597] 546 [461-639] 519 [447-602]
CXCL10 18.6 [15.2-21.3] 17.7 [15.1-20.5] 19.5[16.3-22.1] 18.2 [15.8-21.3] 17.9 [14.7-21.9] 18.9[15.4-21.3]
TGFBA1 21.4[18.3-24.9] 20.3[17.2-23.1] 22.1[18.1-24.3] 19.7 [16.8-22.9] 20.9[17.9-24.5] 20.6 [17.7-23.3]
Erythropoietin 15.5[10.2-20.3] 15.7 [9.62-19.9] 12.5[9.12-15.6]" 17.2 [12.9-22.3]1%3 12.7 [7.8-16.9]7" 20.3[16.2-24.7]*25/4

Note: significance of differences: ' — < 0.05, * — < 0.01, *— < 0.001 (comparison with the specified group); 1 — 7:00 a.m., dippers, 2 — 8:00 p.m, dippers, 3 — 7:00 a.m.,
non-dippers, 4 — 8:00 p.m., non-dippers, 5 — 7:00 a.m., night-peakers, 6 — 8:00 p.m, night-peakers. The data are presented as a median (Me) and an interquartile
range [C25-C75].
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IL1B8 and IL1a and a few other cytokines whose circadian
dynamics remain understudied (LIF, sLIFr and M-CSF)
significantly increase in the evening in hypertensive patients.
In healthy individuals, evening concentrations of LIF, sLIFr, and
M-CSF undergo a less pronounced rise (<10%), whereas IL1a
and erythropoietin increase by 10-15%. Importantly, patients
with stage Il EH (duration of 10-14 years, no antihypertensive
therapy) demonstrate a more than 20% increase in the evening
levels of IL1a, LIF, sLIFr, M-CSF, and erythropoietin. Such high
values correlate with a rise in the concentrations of vasopressor
peptides, in particular with ADMA and SDMA. ADMA
competes with L-arginine for binding to eNOS [11]. SDMA is a
structural ADMA isomer that has a role in arginine binding to a
transmembrane transporter by limiting its availability to eNOS
and curbing the subsequent synthesis of NO [12]. A substantial
increase in the evening levels of the mentioned cytokines
contributes to EH progression, which has been confirmed in
a number of recent experimental studies. IL1a has a direct
stimulating effect on the proliferation of vascular smooth
muscle cells, activates fibrosis and enhances the expression of
angiotensin Il and endothelin | receptor mMRNA on the surface of
the smooth muscle cells of the vascular wall [13]. Previously, we
reported that IL1a caused a secondary increase in LIF levels in
the blood of patients with EH [14], which can stimulate the LIF-
mediated influx of Ca?* and ERB-dependent activation of MAPK
[15]. Growing concentrations of M-CSF inhibit eNOS activity
[16] and suppress the mRNA expression of its own receptor
IL34 (PTP-¢) [17]. These findings are consistent with our
experimental data. A decline in IL34 concentrations occurring in
the background of rising M-CSF [18] inhibits its protective effect
on the brain. Together, these processes can cause vasodilation
and increase the sensitivity of blood vessels to vasopressors.
They unfold in the background of declining IL37 concentrations
(the cytokine has a protective effect in patients with EH) and
stable IL10 levels and are more pronounced in individuals with
a pathological daily BP cycle (non-dippers and night-peakers).

In the dippers whose BP dropped at nighttime by over
10%, the studied cytokines, including IL1B, IL18, IL18BPR,
IL37, LIF, sLIFr, TNFa, sTNF-RI, IL2, IL8, IL10, IFNy, CX3CL1,
CXCL10, TGFB1, and M-CSF, followed the same pattern as
in healthy individuals: except for IL6/sIL6r and erythropoietin,
all these cytokines underwent a less than 15% drop in the
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INJECTABLE COLLAGEN IN CORRECTION OF AGE-RELATED SKIN CHANGES:
EXPERIMENTAL AND CLINICAL PARALLELS
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To a large extent, age-related facial skin changes, wrinkles and flabbiness, are attributed to the structural alterations in dermis, including of collagen fibers
fragmentation and disorganization. There are various cosmetological correction methods that aim to activate neocollagenesis and dermal remodeling. From
this perspective, intradermal injections of exogenous collagen preparations seem logical. This study aimed to investigate the efficacy and safety of Collost 7%
collagen complex applied to correct the age-related facial skin changes, as well as clarify the possible mechanisms of skin rejuvenation resulting from a course of
intradermal injections. 35 participants entered the study, 30 of them finished it. A set of indicators describing age-related skin changes was assessed with the help
of clinical scales; the assessment revealed a pronounced improvement in the quality of the patients' skin, including smoothed relief in the area of localization of fine
wrinkles. The therapy resulted in a statistically significant improvement of the skin's elasticity, which, combined with the changes discovered through US scanning
(greater dermis thickness and echodensity), is an indirect indication of skin restructuring associated with accumulation of fibrous protein structures. These results
allow parallels with the experimental data that shows activation of neocollagenesis in the skin of laboratory animals after a course of Collost 7% gel. The research
revealed no serious adverse events. A course of collagen administered intradermally can be recommended as an aesthetic correction procedure, as well as means
of prevention of atrophy that has a significant effect on skin's appearance and health status.
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In the body, skin is multifunctional: it is a barrier and thermal
regulator, immune defense forefront and producer of a wide
range of hormones. Lately, its social function has been drawing
much attention, since appearance of the face, its aesthetic
qualities and signs of diseases thereon, largely define the
person's "external' age. Youthfulness and attractiveness of
the face help people communicate, socialize and maintain the
desired level of social life, which, one way or another, affects
their quality of life and determines personal and professional
success [1]. Therefore, medical researchers continue to study
all the aspects of correction of age-related facial skin changes,
with a certain number of such efforts addressing the topics of
efficacy and safety of the products and methods developed.

Assessing external age, people primarily focus on how
noticeable facial wrinkles and skin folds are [2, 3]. The wrinkles
and folds depend on biomechanical properties of skin [4, 5],
which, in turn, are a reflection of the state of dermis' extracellular
matrix, or connective tissue layer.

Collagen is the basic protein of any connective tissue,
and half of its total amount resides in surface tissues, making
up about 70% of the skin proteins [6]. The main structural
components of the dermis are fiber-forming collagens of types
I 'and Illl. Their complex architectonics define skin's sturdiness,
elasticity, ability to repair [1, 5, 7, 8]. With age, collagen matrix
changes significantly. In part, the change is the results of the
predetermined normal ageing processes, but there are other
factors that speed up these processes, including diseases,
endocrine profile alterations, smoking, unhealthy nutritional
habits, UV radiation, pollutants found in the environment
[1, 9-12]. The studies conducted to date show that the content
of collagen in dermis decreases progressively as people age.
After 40, a woman loses approximately 20% of her skin's
collagen every 10 years [7]. Different research contain different
specific data [13-16], but the trend is the same: as people
age, proliferative and synthesizing functions of fibroblasts fade,
their pool diminishes, cells convert to an inactive "collapsed"
phenotype [17]. The quality of collagen fibers changes
together with the quantity: they become compacted due to the
development of additional covalent cross-links of polypeptide
chains. Such structures are more resistant to the action of
matrix metalloproteinases, which catabolize proteins and thus
incite their renewal. Randomly positioned fragmented collagen
fibers that lose focal contacts with fibroblasts accumulate in
extracellular matrix. Cells lose structural and functional contact
with the matrix and convert to an inactive phenotype [9, 12,
17-19]. Thus forms the vicious circle: the changes of the
skin's structure that draw the clinical picture of an "aged face"
consolidate. This thesis is confirmed by the fact that in systemic
scleroderma patients, whose skin is thicker and contains
a greater amount of collagen, age-related facial changes —
wrinkles, folds and enlarged pores — manifest themselves much
later [20].

The above justifies the need for further examination of
various cosmetic methods to restore the collagen framework
of dermis. Along with the aesthetic aspect, it is very important
to work on restoring the skin's reparative resource: as an
organized fiber network, collagen participates in regulation
of migration, proliferation, differentiation of cells and their
interaction [8, 21].

Topical retinoid preparations, laser irradiation and intradermal
injection of fillers (gels of stabilized hyaluronic acid, polylactic
acid, calcium hydroxyapatite particles) were proven to reliably
induce neocollagenesis [22-26]. The action mechanisms
of these means differ, but the result of their application is
the same: affected skin develops a dense fibrous collagen

network. The same purpose drives research of such methods
as intracutaneous injection of active peptides, microgranules
of polycaprolactone, implantation of polycaprolactone threads,
exposure to radio frequencies and microfocused ultrasound,
mechanical microperforation of skin, etc. Injecting the dermis
proper with collagen appears etiologically sound. Aesthetic
collagen therapy has been officially recognized about 40 years
ago: in 1981, FDA (Food and Drug Administration) registered
the first injection material based on this substance. Medical
products developed around cow skin collagen are safe and
show good biocompatibility [27]. The assumed pattern of
action of collagen materials administered intradermally includes
temporary hydration of dermis, optimization of the extracellular
matrix properties, and stimulating effect of short peptides
(matricins), a product of biodegradation of exogenous collagen
[8, 28, 29]. Via the biological feedback mechanism, protein
fragments accumulation per se stimulates synthesis of protein
de novo [30].

Collost 7% and Collost 15% collagen material in the form
of sterile gel products were developed and are produced in
Russia by BioPHARMAHOLDING; the gels find use in various
situations related to medical treatment, including cosmetological
procedures. The collagen for Collost is derived from cattle
hides; it is purified to remove the impurities without breaking the
native fibrous structure and corrupting properties of the protein.
The material is registered as an injectable medical product
(FSR 2008/02112 of February 26, 2016). In cosmetology,
Collost gels are prescribed to counter skin ageing and atrophy.
Intradermal injections of the material instantly eliminate the
soft tissue volume deficiency; administered as a course, it
guarantees lasting results [31, 32]. A test for hypersensitivity to
animal collagen is a mandatory measure before any procedures
involving Collost gels.

Metabolism and biochemical effects of a Collost 7% gel
implanted into the skin were detailed in the context of recent
experimental studies [21]. Laboratory animals (rats) were
injected with the material intradermally twice. Throughout
the entire observation period, which lasted 37 weeks, the
researchers noted constant growth of the levels of total
collagen and its soluble fraction. According to the researchers,
within the several few days after the injection (2" and 7™ days)
collagen level grows due to the presence of exogenous protein,
whereas after a considerable period of time (21t and 37"
days) the same trend signals of activation of neocollagenesis
in the skin. This hypothesis is also confirmed by the fact that
within the same timespans there was registered a significant
intensification of incorporation of radiomarked C14 amino acids
into the skin protein. Through the seven days of observation,
collagenalytic tissue activity was accelerating, which may be
the result of the foreign protein biodegradation. The discovered
processes suggest that exogenous collagen that has its native
structure preserved stimulates synthesis of the skin's native
protein while biodegrading.

One of the objectives of the prospective observational study
"Investigation of efficacy and safety of Collost 7% collagen
recovery complex applied to correct age-related skin changes"
was to clarify, applying non-invasive diagnostic methods, the
possible mechanisms of skin rejuvenation during and after a
course of intradermal injections.

PATIENTS AND METHODS
The study lasted from October 2017 to June 2018; it was

conducted at the Institute of Plastic Surgery and Cosmetology
and lzmerov Research Institute of Occupational Health. Thirty-
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four participants were screened for fitness to accept a course
of Collost injections, 30 were found fit.

Inclusion criteria: female; age 35-65 years; skin phototypes
I-IIl; signs of facial skin age-related changes; no chronic
diseases at the stage of decompensation; abstention from
any cosmetic procedures during the study. Exclusion criteria:
pregnancy; lactation; infection; dermatosis; malignant skin
neoplasms in the supposed correction zone; systemic
connective tissue diseases that damage skin and subcutaneous
tissue (systemic lupus erythematosus, ring granuloma, discoid
lupus erythematosus, scleroderma, dermatomyositis, etc.);
exacerbation or decompensation of chronic somatic diseases;
infectious, oncological diseases; coagulation disorders,
including iatrogenic caused by drugs taken; use of isotretinoin
within the previous 6 months; propensity hypertrophic and
keloid scars; use of antihistamines, glucocorticoids, NSAIDs,
immunosuppressants and other drugs that affect skin reactivity;
hypersensitivity to the components of the studied medical
product.

The participants were 36 to 64 years old, (average age —
48.50; 25" and 75" percentiles — 43.00 and 57.00 years),
Caucasian, with a body weight of 52-80 kg and body mass
index less than 30. To avoid skewing the clinical picture of facial
skin ageing, the participants maintained a stable body weight
(fluctuations of 2 kg max.) through the entire observation
period. No allergies were found in the histories of 93.33%
of participants; all of them had no allergic reaction to local
anesthetics. The majority of patients (24 people, 80.00%) were
non-smoking, all adhered to a mixed diet. The skin of 16.67%
of them was highly sensitive; the thickness and sensitivity of
skin of other participants was normal. The "average" participant
of this study could be described as follows: a woman about
50 years old with fair skin, photoaging picture fitting her age,
with signs of age-related deformational changes on her face
that are largely the result of progressing flabbiness, i. e.,
changes in the skin's biomechanical properties.

Following a detailed examination, the research program
included a description of the overall condition of facial
skin using 8 indicators (scored against the 5-point Gejnic,
Alexiades-Armenakas scale [33, 34]) calculated into an integral
skin condition indicator, as well as assessment of wrinkles
in 7 zones applying the 5-point MAS (Merz Aesthetic Scale)
validated grading scale [35].

The equipment-aided tests were:

« skin elasticity test (cutometry) on forehead, paraorbital
zone, cheek, the devices enabling the test were Multi Skin Test
Center MC-900 and Cutometer Dual MPA-580 (Courage +
Khazaka electronic GmbH; Germany);

» gpidermis and dermis thickness test, dermis acoustic
density test, implying ultrasound scanning of the equivalent
collateral patches of skin using DUB SkinScanner (Taberna
pro medicum; Germany) and DermaScan C-System (Cortex
Technology; Denmark) featuring 20-22 MHz sensors.

Both medical researchers and participants of the study
assessed the efficacy of cosmetological correction course. The
latter applied the universal Global Aesthetic Improvement Scale
(GAIS) [35].

Table 1. Skin quality indicators, screening and post-course (p < 0.05)

ORIGINAL RESEARCH | DERMATOLOGY

The results were documented using the LifeViz system
(QuantifiCare; France) that makes and enables analysis of 3D
images of the face.

To assess the safety of Collost intradermal injections, each
procedure was followed by registration of adverse events,
immediate and delayed, that could be connected to the
individual response to collagen material and/or injection itself.

The study design implied five visits, screening based on
inclusion and exclusion criteria, allergy testing as prescribed by
the Collost gel material leaflet. Allergy history of the participants
and the result of their allergy tests were scrutinized by an
immunologist.

The participants received intradermal injections of Collost
7% three times with an interval of 3 weeks between each.
To make the procedures comfortable, they had Acriol Pro
anesthetic cream applied to their skin 1 hour prior to injection.
The injected amount was 2 ml stored in prefilled syringes
that were preheated in a thermostat at 40 °C. The skin was
cleaned and disinfected with the help of 0.05% chlorhexidine
digluconate solution; Traumeel gel was applied to the patients'
facial skin at the end of each procedure. The participants
underwent full examination before the course, prior to each
procedure (evaluating the results of the previous ones) and 3
weeks after the course was over.

Statistica 6.0 (Statsoft; Russia) software was used to perform
statistical analysis; we used nonparametric methods. The data
are presented as medians (Me), 25" and 75" percentiles. The
two groups of dependent markers were compared through
the Wilcoxon test; the differences were considered statistically
significant at p < 0.05.

RESULTS
Safety profile analysis

During the study, all participants exhibited the expected local
reactions in the form of skin reddening, slight edemas, palpable
pimples at the injection sites. The reactions occurred after the
procedures and lasted several hours to several days. In spite
of the injection being considerably traumatic, in most cases
bleeding took form of petechiae (point hemorrhages), which
may be explained by the hemostatic properties of collagen.

Efficacy analysis

Statistical analysis showed a significant improvement of the
clinical and aesthetic properties of facial skin and face on
the whole. The integral indicator used to assess the changes
decreased significantly (p < 0.05; screening data compared to
data collected after the third procedure) (Table 1): the reduction
median was 24.26%. It should be explained here that the
integral indicator grows together with the level of contribution
of specific markers (wrinkles, folds, rough skin pattern,
telangiectasia, etc.) to the "aged face" picture. Thus, when this
indicator goes down, the face rejuvenates.

We have registered significant positive trend in the wrinkle
depth change (p < 0.05; screening data compared to data

Indicator Screening Post-course
Integral skin condition indicator, points 14 (10; 17)* 11.5(8; 13)
Wrinkle visibility (consolidated indicator, 7 zones), points 12 (11; 16) 8(7;11)

Note: * — this Table and Table 2 provide median values, brackets contain values of 25" and 75" percentiles.
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collected after the third procedure) (Table 1): the reduction
median reflecting the overall visibility of wrinkles on the MAS
scale was 28.57%. The detailed analysis of wrinkles in certain
zones showed that the most visible changes (skin relief
smoothening) occurred on the forehead, paraorbital areas
("crow's feet" wrinkles), lower eyelid and upper lip (Fig. 1).

Skin elasticity in 77% of participants has improved
significantly (Table 2): the indicator growth median was 30.90%
for forehead, 19.10% for paraorbital area and 15.75% for
cheeks. All changes are significant (p < 0.05; screening data
compared to data collected after the third procedure).

According to the results of the sonography, the following
indicators have improved significantly in all participants post-
course: there was an increase in epidermis thickness (by 30.7—
39.3%), dermis thickness (by 18.7-22.3%), dermis acoustic
density (by 28.7-44.5%, all or some zones of the face) (Table 2,
Fig. 2 and 3) (p < 0.05; screening data compared to data
collected after the third procedure).

All (100%) participants considered the COllost 7% gel
injection course to be effective. Applying the GAIS scale, half
of them called the result satisfactory and expressed a wish to
have it improved, while another half was fully satisfied with the
result (Fig. 4). From a medical doctor's point of view, a third
of participants had the result at the optimal level for them,
whereas the majority did not enjoy a full correction but only a
considerable improvement. In 2 participants, the improvement
was insignificant, an opinion shared by the participants
themselves and the medical researcher.

DISCUSSION

This clinical study confirmed the efficacy of Collost 7% as a
correction product for involutional skin changes. The study

-12%

employed non-invasive diagnostic methods exclusively, which
enabled thorough examination of all participants.

The criteria suggested by Gejnic et al, Alexiades-Armenakas
[33, 34] were used to assess the overall condition of skin,
including photodamage / photoaging symptoms (modified
assessment pattern). The integrated indicator combined
scores reflecting the state of micro- and macro-relief of the
skin, its color, texture, pigmentation, vascular pattern, elastosis
and keratosis. Post-course, the indicator has decreased
significantly; detailing the results, the visible changes at the
skin relief and color levels (wrinkle and folds reduction) should
be noted. Two patients with thin skin around eyelids saw the
blues spots under their eyes disappear, which was perceived
extremely positively by the patients themselves and their close
ones. Overall, the skin of most participants, acquired a pink hue
and a healthier look.

In the forehead, paraorbital and upper lip zones wrinkles
smoothed out the best. These zones have superficial wrinkles
associated with the dermal skin layer atrophy/alterations [36].
Restoration of the collagen framework of dermis enables
effective correction of skin relief in these areas. However,
correcting deep folds (e. g., nasolabial furrows) requires
intervention at the level of subcutaneous fat.

Most researchers see a connection between biomechanical
properties of the skin and quality of the dermis' fibrous collagen
framework. It is logical to assume that the significant skin
elasticity improvement registered in the participants may be
the result of neocollagenesis, generation of mature fibers with
intact structure and sufficient hydrophilicity. The other indirect
confirmations of the skin's restructurisation are the increased
thickness of dermis and growth of its acoustic density, which
were detected by ultrasound scanning. According to the earlier
research [37, 38], reduction of dermis thickness and acoustic

I h l

-22%
-36%

Paraorbital areas
M Nasolabial furrows

-33%
-42%
-49%
M Forehead M Intercilium
Lower eyelid M Upper lip

B Labiomental folds

Fig. 1. Wrinkle visibility change dynamics by face zones (screening data compared to post-course data)

Table 2. Structural and functional skin indicators, screening and post-course (p < 0.05)

Screening Post-course
Indicators Zones Zones

Forehead Paraorbital area Cheek Forehead Paraorbital area Cheek

Epidermis thickness 0.128 0.110 0.132 0.177 0.163 0.186
(US scan), mm (0.105; 0.158) (0.105; 0.133) (0.108; 0.158) | (0.151;0.192) (0.150; 0.184) (0.162; 0.199)

Dermis thickness 1.330 1.206 1.592 1.628 1.496 1.855
(US scan), mm (1.195; 1.531) (1.086; 1.376) (1.256; 1.869) | (1.411;1.790) (1.344; 1.672) (1.685; 2.094)

Dermis acoustic density 5.102 5.738 5.794 7.236 9.071 6.611
(US scan), c.u (3.741; 13.190) (8.778; 13.470) (2.877;11.906) | (5.672; 13.540) (6.026; 17.010) (4.739; 13.230)

Skin elasticity 52.63 55.08 55.06 66.75 65.65 63.25
(cutometry), c. u. (46.00; 61.45) (49.85; 62.65) (49.30; 62.00) | (56.03;93.39) (58.00; 74.16) (565.50; 61.50)
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density is an age-related phenomenon, associated with
diseases or steroid-induced atrophy that can be caused by
the decreasing content of structural fibrillar proteins. Thus, the
growing thickness and acoustic density reflect accumulation of
fibrous structures, restructuring of the skin [39, 40]. According
to our research, the manifestation of these changes was most
evident 3 weeks post-course, which allows a parallel with the
afore-mentioned experimental studies that registered the peak
of collagen content in the laboratory animals' skin 2-4 weeks
after the final Collost 7% injection.

[t should be noted that improvement of the skin's
biomechanical properties, the structural changes observed
after a course Collost 7% injections do not only enhance the
appearance but help to prevent the age-related changes
associated with atrophy and contribute to healing of the skin.

CONCLUSIONS

According to our study, the course of intradermal injections
of Collost 7% improves the aesthetic appearance of facial
skin, reliably normalizes its color, reduces visibility of wrinkles.
Moreover, the positive clinical dynamics occur against the
background of improving biomechanical properties of the
skin (better elasticity) and structural changes identified
by US scanning, which indirectly signal of the dermis

39.30%
36%

30.70%

22.30% 21.80%

18.70%

Epidermis thickness (mm)
Il Forehead

Dermis thickness (mm)
[l Paraorbital area

ORIGINAL RESEARCH | DERMATOLOGY

Fig. 3. US scans of forehead skin: screening (A), post-course (B)

collagen framework remodeling process. Thus, Collost 7%
intradermal injections can be considered an effective and
safe method of aesthetic correction. Perhaps, the results of
this study will contribute to the development of etiologically
and pathogenetically substantiated protocols of combined
correction of age-related skin changes that would include
administration of HA, polylactic acids and high-energy methods.

44.50%
28.70%

I 35.80%

Dermis acoustic density (c. u.)
Cheek

Fig. 2. Dynamics of alteration of skin structure indicators, US scans (post-course median against screening data)

53%

40%

7%

Participants

M Insignificant improvement

B Significant improvement

60%

33%

7%

Doctors

Optimal result

Fig. 4. Injection course efficacy assessment, GAIS, applied by participants and medical researchers
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GLYCOPROTEIN GP AS A BASIS FOR THE UNIVERSAL VACCINE AGAINST EBOLA VIRUS DISEASE
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Ebola virus disease (EVD) is one of the deadliest viral infections affecting humans and nonhuman primates. Of 6 known representatives of the Ebolavirus genus
responsible for the disease, 3 can infect humans, causing acute highly contagious fever characterized by up to 90% fatality. These include Bundibugyo ebolavirus
(BDBV), Zaire ebolavirus (ZEBOV) and Sudan ebolavirus (SUDV). The majority of the reported EVD cases are caused by ZEBOV. Vaccine development against
the virus started in 1976, immediately after the causative agent of the infection was identified. So far, 4 vaccines have been approved. All of them are based
on the protective epitope of the ZEBOV glycoprotein GP. Because SUDV and BDBV can also cause outbreaks and epidemics, it is vital to design a vaccine
capable of conferring protection against all known ebolaviruses posing a threat to the human population. This article presents systematized data on the structure,
immunogenicity and protective properties of ebolavirus glycoprotein GP, looks closely at the immunodominant epitopes of ZEBOV, SUDV and BDBV glycoprotein
GP required to elicit a protective immune response, and offers a rational perspective on the development of a universal vaccine against EVD that relies on the use
of vectors expressing two variants of GP represented by ZEBOV and SUDV.
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NCNONIb30BAHUE MUKOMPOTEMHA GP /11 CO3OAHUA YHUBEPCAJIbHOW
BAKLIHbI MPOTUB JINXOPAOKN SB0J1A

V. B. Jomxukosa ™, A. 1. TyxsatynuH, A. C. 'pomosa, . M. Tpoycosa, H. M. TyxsatynuHa, E. A. Tokapckas, [. FO. JloryHos, Bb. C. Hapoauukuiz,
A. J1. THUBYpr

HaumoHanbHbI nccnegoBaTenbCknii LEHTR 3nMAEMMONorin U Mukpobronorim nvenn H. ®. famaneun, Mocksa, Poccust

BonesHb, BbidBaHHasa Bupycom 36ona (BBB3) — 0fgHO M3 Cambix BbICOKOMETAbHBIX BUPYCHbIX 3a00MeBaHWi, NOPaXKatloLLmMX YenoBeKka v npuMaTos.
Bosbyantenem BBB3 siBnsetcs Bupyc O6ona. B HacTosilee BpeMst 3BECTHO LIECTb BUAOB 3TOr0 BUPYCa, TPU U3 HUX NaToreHHbl ANs YenoBeka — 3T0 BUb
3avp (ZEBOV), CynaH (SUDV) n ByHanbyrvo (BDBV), BbisbiBatoLLe OCTPbIE BUPYCHbIE BbICOKOHTArMO3HbIe IMXOPaAKM Y Stofei U MPYMATOB C IETaIbHOCTHIO
10 90%. B 6onblumHcTBe cnydaes BBBO Bbidsana Bnaom ZEBOV. PaspaboTka BakumH npotvie BBBO Havanace cpasy nocne naeHTndrkaumm Bo3oyanTens B
1976 r. Ha cerogHsLIHWIA AeHb B MUPE 3aperncTprpoBaHO YeTbipe BaKUMHHbLIX Npenaparta ans npodunaktiky EBB3O. Bee oHM oCcHOBaHbl Ha MPOTEKTVBHOM
aHTUreHe — rvkonpotevHe (GP) Brpyca 96ona Buaa ZEBOV. B cuny Toro y4to suabl SUDV 1 BDBV Takke MoryT 6biTe MPUHMHOM BCMbILLEK 1 anndemuii BBB3,
O4eBUAHa HEOOXOAMMOCTb Pa3paboTKN BAKLMH, CMOCOBHbIX 06ECNEHNTb 3aLLMTy OT BCEX M3BECTHbIX MaTOreHHbIX A1 YefloBeka B1aoB Bupyca d6ona. B ctatbe
CUCTEMATU3MPOBAHbI [aHHbIE OTHOCUTENBHO CTPYKTYPbI, MMMYHOrEHHbIX V1 MPOTEKTUBHBIX CBOMCTB GP Bripyca 96ona, NpoBeaeH aHanms MMyHOAOMVHAHTHBIX
3MUTOMOB MMMKoNpoTenHa Brpycos ZEBOV, SUDV 1 BDBV, Heobxogumbix Ans (hOpMMPOBaHMS MPOTEKTUBHOMO MMMYHIUTET, a Takke NPeASIOKEH pauVoHabHbIN,
Ha Hall B354, NOAXOA CO3AaHNSA BO3MOXHBIX BAPUAHTOB BakLWH NpoTve EBBY, BbizaBaHHOM pasdHbiMK Buaamm Brpyca O60na, COCTOSALLMIN B MCMONL30BaHN
BEKTOPHbIX KOHCTPYKLMIA, 9KCMPECCHPYIOLLIMX KaK MYHUMYM [Ba BapuaHTa rnmkonpotenHa — GP Bupyca 96ona Buaa ZEBOV v Buoa SUDV.

KniouyeBble cnoBa: 60ne3Hb, Bbi3BaHHas BUpycomM J6ona; BBB3; BakLMHbI; KDOCC-PEaKTUBHbI UIMMYHUTET; KDOCC-MPOTEKTUBHBIA IMMYHUTET
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Ebola virus disease (EVD) is one of the most dangerous viral
infections afflicting humans and nonhuman primates. Its first
reported outbreak occurred in 1976 in Yambuku, a village in the
Democratic Republic of the Congo (former Zaire), and Nzara,
a town in South Sudan. That same year, the causative agent
of the disease — Ebolavirus, a member of the Filoviridae family —
was first isolated from an infected individual who lived in the
Ebola river valley that gave its name to the virus [1]. So far,
6 ebolaviruses are known including Bundibugyo ebolavirus
(BDBV), Zaire ebolavirus (ZEBOV), Reston ebolavirus (RESTV),
Sudan ebolavirus (SUDV), Tai forest ebolavirus (TAFV), and
Bombali ebolavirus (BOMV). ZEBOV, SUDV and BDBV are
capable of infecting humans and therefore pose a serious threat
[2-3]. Since 1976, the world has seen more than 20 outbreaks

of EVD caused by ZEBOV, SUDV and BDBV. The largest
outbreak that occurred in 2014-2016 in West Africa grew into
an epidemic and killed over 12,000 people. The majority of all
reported EVD cases have been attributed to ZEBOV (Table 1) [4].

ZEBOQOV, SUDV and BDBV cause acute, highly contagious
fever in humans and nonhuman primates. RESTV is not known
to cause EVD in humans; however, antibodies against this
species are detected in the blood serum of individuals who work
with monkeys and apes infected with RESTV [4]. The reasons
behind such different pathogenicity of RESTV and other
pathogenic types of Ebola virus are still unknown.

The epidemic of 2014-2016 urged the researchers all around
the globe to put increasing effort into developing a vaccine
against EVD. To date, over 10 vaccines have been developed,
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of which 4 have already been approved for clinical use [5]. Both
candidate and approved vaccines confer 100% protection
against ZEBOV-associated EBV in nonhuman primates. Their
efficacy against other ebolaviruses varies. Because SUDV and
BDBYV can also cause outbreaks and epidemics and because
new ZEBQOV strains are emerging, the world is faced with a
pressing need for vaccine capable of protecting the human
population against all known pathogenic ebolaviruses.

The structure of the virus

Ebolaviruses have a filamentous structure that comes in
different shapes and length. The virions consist of an envelope,
a nucleocapsid, a polymerase complex and a matrix [6] (Fig. 1).
The nucleocapsid core of the virion contains a replication
complex composed of a single-stranded RNA genome and a
few proteins, including NP, VP35, VP30, and polymerase L. The
virus has an outer lipid membrane with glycoprotein (GP) spikes
on its surface. The protein matrix formed by proteins VP40 and
VP24 lies immediately beneath the outer membrane [6].

The viral genome is represented by negative single-stranded
RNA (Fig. 2) [6] carrying 7 genes that code for a total of 9
proteins: the nucleoprotein (NP), the viral polymerase cofactor
VP35, the major matrix protein VP40, 3 glycoproteins (the
secreted sGP, the full-length GP and the small secreted ssGP),
the minor nucleoprotein VP30, the membrane-associated
protein VP24, and the viral polymerase L [6-7].

The GP glycoprotein of the Ebolavirus is the only protein
located on the surface of the virion. It plays a key role in the early
stages of infection helping the virion to attach to and enter the cell [7].

Synthesis and proteolytic processing of GP

The ebolavirus glycoprotein gene codes for 3 proteins: pre-sGP,
pre-ssGP (they both are precursors of secreted nonstructural
glycoproteins) and pre-GP (a precursor of the structural
transmembrane glycoprotein). The nucleotide sequence of the
glycoprotein gene contains 7 consecutive uracils at positions
880-886, where a hairpin loop is formed. It is difficult for the
viral L polymerase to read through the hairpin [7-8]; therefore,
this RNA region undergoes editing. As a result, 3 transcripts are
produced:

— a transcript containing 7 uracils (~71%), coding for sGP
(364 aa);

— a transcript containing 8 uracils (~25%), coding for GP
(676 aa);

— a transcript containing 9 uracils (~4%), coding for ssGP
(298 aa).

The first 295 amino acids bases in GP, sGP and ssGP are
identical; however, the proteins differ in their C-terminus, which
naturally affects their function. A newly synthesized pre-sGP
is processed by cell proteases, leading to the formation of
secreted sGP, that reduces the efficacy of humoral response
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by misdirecting antibodies and A-peptide responsible for pore
formation in the cell membrane (Fig. 2) [8-9].

Pre-GP is also cleaved by cell proteases into two subunits:
GP1 and GP2. The subunits form heterodimers that are
trimerized and constitute spikes on the surface of the viral
particle. GP1 contains a receptor-binding domain, a glycan cap
and a mucin-like domain required for the interaction with cell
surface receptors. GP2 is a transmembrane domain, anchoring
the complex in the membrane (Fig. 2). GP2 has a binding site
for the TACE protease; in proteolytic cleavage, the glycoprotein
is cut off from the membrane and another type of GP is formed:
the shed GP [8].

Mature surface GP exerts one of the most crucial functions
in the lifecycle of the virus: it interacts with cell receptors,
promoting fusion of the virion with the membrane. The virus is
taken up into the endocytic/macropinocytic pathway; then, the
mucin-like domain and the glycan cap of the glycoprotein are cut
off by furin and cathepsins in the cell endosome. The truncated
GP binds to Niemann-Pick C1 (NCP1) cholesterol transporter,
initiating fusion of the endosomal and viral membranes and
allowing the nucleocapsid to enter the cytoplasm [10-11].

Structural and immunogenic features of different GP forms

All secretory forms of GP (sGP, ssGP and shed GP) serve to
protect the virus from being neutralized by the host’s natural
defenses. Cells infected with Ebolavirus secrete these proteins
thereby guiding the humoral response against the limited number
of epitopes [12-13]. Produced in abundance, sGP, ssGP and
shed GP misdirect the majority of IgG, reducing the efficacy of
the host’'s humoral response [14]. These glycoproteins (especially
sGP and ssGP) trigger production of antibodies that have zero
or weak virus-neutralizing potential, causing the phenomenon
of antibody-dependent enhancement of the infection: the
antibodies recognize the virus and interact with Fc-receptors of
phagocytes, “ordering” the latter to take up the virus-antibody
complexes via FcyR-mediated phagocytosis [15]. Importantly,
although secreted forms of GP have binding sites for the
protective antibodies, not all animals vaccinated with truncated
forms of proteins develop protective immunity against the virus.
A strong immune response against EVD can be achieved in all
vaccinated animals only when a full-length GP is used [16-18].
This is probably due to the presence of additional neutralization
sites and T-cell epitopes in the structure of the full-length
protein. This hypothesis is supported by a few observations.
Firstly, there are reports that apart from GP1 (glycan cap)-
recognizing antibodies isolated from convalescent patients,
those that specifically bind to the submembrane domain of
GP2 also have protective potential [18-21]. Secondly, a study
of CD8*-memory cells in convalescent patients has identified
glycoprotein epitopes crucial for provoking a protective T-cell
response, among which are regions of the receptor-binding
domain and the glycan cap of GP [22].

Table 1. EVD case fatality in patients infected with different ebolaviruses. The table shows summarized data on the total number individuals with EVD in all reported outbreaks [4]

Species Number of infected individuals Number of deaths Fatality rate, %
ZEBOV 30154 12503 40-90
SuUDvV 792 426 36-65
BDBV 206 66 25-51
RESTV 0/13* 0 0
TAFV 1 0
BOMV 0 0

Note: * — clinical symptoms not observed; antibodies against RESTV detected in the blood serum.
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Because a full-fledged protective immune response can
be induced by using a full-length glycoprotein or structures
expressing the gp gene, the majority of candidate and
approved vaccines against ebolaviruses are based on the GP
glycoprotein [23-24].

Analysis of cross-reactive immunity in vaccinated
individuals and patients recovered from EVD

An ideal EVD vaccine must ensure protection against all variants
of Ebolavirus that infect humans. Therefore, it is important to
understand whether immune response can be induced against
both homologous and phylogenetically distant species. The
vaccine based on the recombinant vesicular stomatitis virus
(r'VSV-ZEBOV) that expresses glycoprotein GP of the ebolavirus
isolated in 1995 has been reported to protect non-human
primates against infection with any of known ZEBOV strains
(isolated in 1976, 1995 and 2014) [25]. Studies of sera samples
obtained from patients recovering from ZEBOV confirm those
findings: IgG antibodies detected in the sera of the patients were
capable of cross-reacting with glycoproteins of heterologous
species SUDV and BDBV [26-27]. The studies of cross-

protective immunity in non-human primates demonstrate that
the use of ZEBQOV glycoprotein (as a component of the rVSV
vaccine) confers protection against the lethal BDBV infection in
100% of animals; in contrast, the rVSV-SUDV vaccine does not
protect all animals against ZEBOV and BDBV [28-30].

Research into cross-protective immunity against EVD in
animals has revealed that postvaccination immunity is cross-
protective against ZEBOV and BDBV but not against these
species and SUDV.

In search of explanation for this phenomenon, we compared
the structure of GP in different species of the ebolavirus. We
aligned amino acid sequences of ZEBOV, SUDV and BDBV and
mapped immunodominant GP epitopes (i. e., those with the
highest immunogenicity; IE) in 1,548 Ebola virus isolates; 10 BDBV,
23 SUDV and 1,515 ZEBQOV sequences were taken from a
public database [31].

The detailed analysis of immunodominant regions carried
out in T Cell Epitope Prediction Tools in the deimmunization
mode [32] allowed us to identify 22 IE (Table 2 and 3). The
vastest diversity was observed for the mucin domain of GP1;
the lowest, for GP2. Paired comparison of IE revealed that
homology between ZEBOV and BDBV immunodominant

Fig. 1. The structure of Ebolavirus. GP — glycoprotein; L — catalytic subunit of the viral RNA-dependent RNA polymerase; NP — nucleoprotein; VP24 — minor matrix
protein; VP30 — minor nucleoprotein; VP35 — nucleocapsid protein; VP40 — matrix protein
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Fig. 2. Forms of Ebolavirus glycoprotein in eukaryotic cells. GC — glycan cap (glycan cap); HR — heptad repeat; HPR — hydrophobic region; MLD — mucin-like
domain (mucin domain); RBD — receptor-binding domain; SP — signal peptide; TD — transmembrane domain
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glycoprotein epitopes was 75.8%; between ZEBOV and SUDV,
63.2%; and between SUDV and BDBV, 61.5% (Table 2). It
should be noted that glycoproteins representing different of
ZEBOV isolates dating back to 1976, 1995, 2014 and 2018 are
almost identical and only have minor differences in the region of
the glycan cap and the mucin domain (Table 3). On average, IE
homology was 98.7-100%.

The obtained data suggest closer phylogenetic relationship
between ZEBOV and BDBYV, in comparison with SUDV, but do not
explain the difference in their ability to induce immune response
in animals immunized with the corresponding variants of GP. So,
we decided to analyze the sites that bind antibodies conferring
cross-protective immunity against the lethal infection caused
by various ebolavirus species. Such antibodies are specific
to both GP1 and the regions adjacent to the transmembrane
domain of GP2 [19-21, 33]. A few recent works point to the
fact that protective antibodies bind to the conformational
epitopes of GP and not to the linear ones [34-36]. Our analysis
of GP sequences has revealed that positions of key amino
acids essential for antibody binding are quite conserved. The
analysis of sites for binding antibodies with protective potential
shows that the positions of key amino acids (i.e., those whose
substitution fully blocks the ability of the antibodies to bind to
GP) in ZEBQV epitopes are absolutely identical to the positions
of amino acids BDBV GP epitopes. Homology between these
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amino acids and those found in SUDV glycoprotein varies from
30 to 60% (Fig. 3). In our opinion, mutations at such amino
acid positions inhibit the protective potential of the antibodies.
It seems that homology of the sites that bind the protective
antibodies to the glycoproteins representing different Ebolavirus
species is the factor that ensures cross-protective immunity
against ZEBOV and BDBV and the lack of cross-protective
immune response against these two species and SUDV.

The discovery of universal antibodies capable of protecting
humans against pathogenic ebolaviruses [19-21, 33-34, 36]
will boost the development of effective EBD therapies and
inspire new approaches to the design vaccines against this
virus. Studies of cross-protective immunity and antibodies
isolated from convalescent patients with EVD give us hope
that a ZEBOV GP-based vaccine inducing immunity against
both ZEBOV n BDBV is not just wishful thinking. Adding SUDV
glycoprotein to the vaccine would make it effective against
SUDV species, as well.

CONCLUSIONS

The comparative analysis of GP in 1,548 ZEBOV, SUDV and
BDBYV isolates has demonstrated a high variability of amino
acid sequences in the glycoproteins representing different
ebolaviruses (~60-65% homology). Further analysis of epitope

Table 2. Homology of amino acid sequences of glycoprotein IE in ZEBOV, SUDV and BDBV viruses. The search for IE was conducted in T Cell Epitope Prediction Tools
[32]; amino acid sequences were compared in Geneious® 10.2.3 (Biomatters; Auckland, New Zealand). The heat map shows homology is expressed as %: dark gray

stands for 100%, white represents 0%

Amino acid positions

Homology of amino acid sequences of GP in ZEBOV, SUDV and BDBV, %

ZEBOV vs SUDV vs BDBV

93-127*
151-165
156-170
161-175
171-185
190-204**

RBD

ZEBOV vs SUDV ZEBOV vs BDBV

SUDV vs BDBV

211-225

214-247*

GP1

231-245

236-250

241-255
246-260
251-265

Glycan cap

271-285"

389-405** 0.0

17.6 5.9 11.8

401-417* 5.9

Mucin

5.9 17.6 17.6

476-490™ 33.3
505-519*
566-580
571-585
576-590
581-595
599-631*
632-651™

GP2

53.3 53.3 40.0

58.0

Average homology (%)

Note: * — |E essential for inducing protective T-cell-mediated immune response [22]; ** — IE essential for inducing protective B-cell-mediated immune response

[20, 34-38].
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Table 3. Homology of amino acid sequences of ZEBOV glycoprotein IE (isolates from 1976, 1995, 2014 and 2018). The search for |E was conducted in T Cell Epitope
Prediction Tools [32]; amino acid sequences were compared in Geneious® 10.2.3 (Biomatters; Auckland, New Zealand). The heat map shows homology is expressed
as %: dark gray stands for 100%, white represents 0%

Amino acid Homology of amino acid sequences of ZEBOV glycoprotein in the isolates from 1976, 1995, 2014 and 2018, %

positions

1976-1995-2014-2018 1976-1995 1976-2014 1976-2018 1995-2014 1995-2018 2014-2018

93-127*

RBD

151-165
156-170

161-175
171-185
190-204**

211-225
214-247*
231-245

GP1

236-250
241-255

Glycan cap

246-260
251-265
271-285™

389-405**
401-417*

Mucin

476-490™

505-519*"
566-580
571-585
576-590
581-595

599-631**

632-651"*

GP2

Average homology (%) 98.7 99.0 99.7 99.0 99.7 98.7

Note: * — IE essential for inducing protective T-cell-mediated immune response [22]; ** — |E essential for inducing protective B-cell-mediated immune response

[20, 34-38].
GP1
Antibody 226/8.1
130 = 130 200
SUDV IR R I A ocsmerEl |r@EA
BDBV R MKk OEFQEPHEIL| HEP
ZEBOV IR R K oOEF -H-BELREP
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ZEBOV MENE K KVNP
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SUDV A V
BDBV , GIM |
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Fig. 3. The aligned consensus amino acid sequences of glycoprotein of ZEBOV, SUDV and BDBV species. Key amino acid positions essential for antibody binding are
marked by a rectangle [34, 36]

m BULLETIN OF RSMU | 1, 2019 | VESTNIKRGMU.RU



homology in the glycoproteins of ZEBOV, SUDV and BDBY,
accounting for the tertiary protein structure, has established
that ZEBOV and BDBV glycoproteins have identical amino
acids capable of binding to the protective antibodies and
thus neutralizing these viral species characterized by low
homology of linear amino acid sequences. These findings are
fully consistent with the reports of the ability of candidate and
approved vaccines against Ebolavirus to induce cross-immunity
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A GENETICALLY ENCODED BIOSENSOR ROKATE FOR MONITORING THE REDOX STATE
OF THE GLUTATHIONE POOL
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Genetically encoded fluorescent sensors are exploited to study a variety of biological processes in living organisms in real time. In recent years, a whole family of
biosensors has been developed, serving to visualize changes in the glutathione redox state. The aim of our experiment was to design a biosensor based on the red
fluorescent protein mKate2 for measuring the 2GSH/GSSG ratio. A pair of cysteine amino acid residues were introduced into the structure of the fluorescent protein
using site-directed mutagenesis. These residues form a disulfide bridge when the surrounding glutathione pool is oxidized, affecting the spectral characteristics of
the protein. Our biosensor, which we called roKate, was tested in vitro on an isolated protein. Specifically, we examined the spectral characteristics, pH and the
redox potential of the sensor. Additionally, the performance of roKate was evaluated using the culture of living mammalian cells. The fluorescent signal emitted by
the sensor was very bright and remarkably stable under pH conditions varying in the physiological range. Irreversibly oxidized in mammalian cells, roKate stands out
from other members of this biosensor family. This biosensor should be preferred in the experiments when the time between the manipulations with the biological
object and the subsequent analysis of the induced effect is substantial, as is the case with long sample preparation.
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FEHETUYECKWN KOAWPYEMbI BUOCEHCOP ROKATE AJ151 PETUCTPALIMA
PEOOKC-COCTOAHUA NYJIA TMYTATUOHA

A. T. LLoxuHa', B. B. Benoycos'?, [. C. bunan'=

T VIHCTUTYT BroopraHmnydeckor xummm nmern M. M. LLemsikuHa n FO. A. OBumHHMKoBa PAH, MockBa, Poccust
2 Hay4Ho-1ccneaoBaTenbCKUin MHCTUTYT TRAHCISLMOHHOM MeaMLMHbI,
Poccuinckuin HauoHanbHbIN UCCNeaoBaTeNbCKUA MeaUUMHCKNIA yH1BepcuTeT nvenn H. W. Muporosa, Mockea, Poccus

[eHeTn4eCKM KoaMpyemble BUOCEHCOPbI Ha OCHOBE (hNyOPECLIEHTHbIX 6EMKOB MPELCTaBASOT COO0N MHCTPYMEHT UCCNefoBaHNS psifa HUONOMMHECKIX MPOLIECCOB B
XKUBbIX CCTEMAX B PEXNME peanibHOro BpeMeH. 3a nocneaHvie rofpl Obi1o Co3aaHo Lienoe CeMencTso B1oCeHCOPOB, NMO3BONSIOLLMX BU3YaIM3MPOBaTb B XKMNBbIX
KNeTkax N3MEHeHNs1 PeLOKC-COCTOAHMA nyna rayTaTvoHa. Liensto HacTosLen paboTsl Obina paspaboTka HOBOro 61oceHcopa Ans perucTpaum COOTHOLLEHMS
2GSH/GSSG Ha ocHoBe KpacHoro hnyopecueHTHoro 6enka mKate2. [1ns aToro METoAOM HanpaBneHHOro MyTareHesa B CTPYKTYpPY hiyopecLieHTHoro 6enka
BHOCUMM Mapy aMUHOKUCIOTHBIX OCTATKOB LIUCTEMHA, KOTOPbIE MPU OKMCIEHU OKPYXKatoLLEero myna riyTaTMoHa OopMUPYIOT AMCYbMUOHYIO CBA3b, HTO
MPUBOIANT K U3MEHEHWIO CMEKTPaSTbHbIX XapakTEPUCTUK. [oyH4eHHbIN GOCceHCOop Obl MPOTECTUPOBAH in Vitro Ha BblAeneHHOM npenapare 6eska, B 4aCcTHOCTU,
OblNN UCCNEAOBaHb! CNEKTPasIbHbIE XapaKTEPUCTVKK, PH-4yBCTBUTENBHOCTL OEfKa, OKUCIMTENBHO-BOCCTAHOBUTENBHBIN NOTeHLman. Kpome Toro, 6ruoceHcop,
HasBaHHbIN roKate, Gbl MPOTECTUPOBaH B KY/TYPE XKMBbIX KIETOK MiekommTarolwx. OH OTNIMHaeTCst BbICOKON SPKOCTBIO U MOBbILLEHHOV CTaBWIIbHOCTHIO
cvrHasia npu n3meHeHusix pH B craronornyeckom amanasoqe. OT apyrvix NpeacTaBUTeNe 4aHHOro CemMerncTea broceHCopoB roKate oTmyaeTcst HeoOPaTVMbIM
VN3MEHEHVEM CUrHaNa Mpu OKUCTIEHNN B KNETKAX MIEKOMUTAIOLLMX. [TpMMEHEHE AaHHOMO CeHcopa NPEANOYTUTENBHO B SKCTIEPVMEHTAX C HANMHMEM [IUTENBHOIO
NPOMEXyTKa BPEMEHW MEXX Y BO3AENCTBNEM Ha BUONOMMHECKYHO CUCTEMY 1 MOCNEAYHOLLIM aHaNIM30M BbI3BaHHOIO atheKTa, HanpUMep B YCNOBUSIX ASIUTENbHOM
npo6onoaroToBKM.

KntoyeBble cnioBa: reHeTNHECKN KOAMPYEMbI (hilyOPECLEHTHbI OMOCEHCOP, MYTAaTUOH, COOTHOLLeHKe 2GSH/GSSG, roKate
®duHaHcupoBaHue: paboTa BbinosHeHa Npu nogaepkke rpaHta PO mon_a_ak Ne 16-34-60175.
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Research into redox reactions is a burgeoning field of  disulfide form that can be further converted back to GSH by

contemporary biomedicine. The ratio of reduced (GSH) to
oxidized (GSSG) glutathione is an important characteristic of
a cell's redox state. Essentially, glutathione is an abundant
tripeptide (y-L-glutamyl-L-cysteinyl-glycine), whose intracellular
concentrations can be as high as 10 mM [1]. The biological
function of glutathione relies on the ability of its two reduced
molecules (2GSH) to pass on a pair of electrons to an acceptor
molecule. During this process, glutathione is oxidized to a

glutathione reductase (GR) [2]. GSH plays a key role in the
reduction of oxidative stress products, including lipid and
hydrogen peroxides. Glutathione reduces reversible disulfide
bonds that largely determine the structure and function of many
cellular proteins [3]. Summing up, firstly, glutathione is a critical
component of the thiol-disulfide exchange and secondly, it is
involved in protein glutathionylation, playing a crucial role in
intracellular redox signaling and protein folding.
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Defects in the regulatory systems controlling the intracellular
levels of glutathione or its redox homeostasis (the 2GSH/
GSSG ratio) can promote pathology. Impaired glutathione
synthesis caused by mutations in the genes coding for the
subunits of y- glutamyl-cysteine-synthase is linked to diabetes
mellitus [4], asthma [5], schizophrenia [6], and other diseases.
Deficient activity of glutathione reductase that maintains the
GSH pool is associated with systemic lupus erythematosus
[7] and some forms of favism [8]. By contrast, in cancer cells
this enzyme is often hyperactive, causing an increase in GSH
concentrations and strengthening the antioxidant defense of
malignant cells [9]. Changes in the 2GSH/GSSG ratio that
characterizes the redox state of the intracellular environment
can indicate both pathological and normal physiological
processes, such as differentiation [10, 11], proliferation [12],
or apoptosis [13]. However, if these changes are massive
and uncontrolled, they can cause a wide range of disorders,
including neurodegenerative, immune, cardiovascular, etc. [14].
Among other functions of glutathione in the living organism
is participation in the metabolism of xenobiotics that includes
conjugation to GSH in the reaction catalyzed by glutathione
transferases [15].

In a biological sample, GSH and GSSG can be measured
by high-performance liquid chromatography (HPLC). Another
approach to investigating the redox state of the glutathione
pool involves the use of chemical dyes. Prior to staining with the
classic Ellman’s reagent [16], cells need to be lysed or tissue
homogenate needs to be prepared. By contrast, synthetic
dyes like ThiolQuant Green [17] and RealThiol [18] can be used
in intact cells; however, they provide information about GSH
concentrations only. At present, genetically encoded sensors
based on redox-sensitive fluorescent proteins (roFP) have
become very popular as tools for monitoring the dynamics of
the GSH redox ratio. Such sensors rely on the oxidation of two
surface cysteine residues incorporated into the structure of a
fluorescent protein by site-directed mutagenesis. The oxidation
degree of the redox-sensitive cysteine residues is determined
by the surrounding glutathione pool. Being in close proximity to
each other, the cysteine residues form a disulfide bond when
oxidized in response to change in the GSH redox ratio. This
leads to conformational rearrangements affecting the spectral
characteristics of the fluorescent protein. Depending on the
2GSH/GSSG value, roFP can be either in reduced or oxidized
forms distinguished by their spectra. Because such biosensors
are protein-based, they can be expressed in a wide range of
biological system, from individual cell organelles to transgenic
organism tissue. The history of this biosensor family started
with a yellow fluorescent protein [19]; green protein sensors
appeared shortly afterwards [20, 21]. Today, we have an arsenal
of diverse redox-sensitive sensors at our disposal that can
be employed to monitor the 2GSH/GSSG dynamics in living
systems in real time. They vary in their spectral characteristics,
redox potential, reaction rate, and specificity [22].

The most convenient fluorescent sensors for in vivo
experiments are those emitting in the far-red spectrum
[23]; over this wavelength range, light absorption by water,
hemoglobin, melanin and other tissue compounds is minimal.
Besides, the green light used to excite a chromophore of a
red protein is less toxic for cells in comparison with blue and
violet used to induce fluorescence of green biosensors. The
aim of this study was to create a new version of a redox
biosensor based on the mKate2 red fluorescent protein. The
sensor that we called roKate exhibits increased pH stability and
brightness. The distinctive feature of the roKate biosensor is its
irreversible response in mammalian cells upon oxidation, which
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allows researchers to use it as a sensor that has an “oxidation
memory” of glutathione pool oxidation.

METHODS
Genetic constructs

Point mutations were introduced into the structure of the red
fluorescent protein mKate2. The sample for DNA amplification
contained thermally stable Tersus polymerase in a buffer
(Evrogen; Russia) and an equimolar mixture of dNTP (200 pM),
primers (10 uM) and a DNA template (100 ng). The PCR protocol
included 22 cycles of denaturation (95 °C, 30 s), annealing
(60 °C, 45 s) and elongation (72 °C, 90 s).

Random mutagenesis was performed to improve the
properties of the genetic constructs. The reaction mix contained
thermally stable Tag polymerase in a buffer (Evrogen; Russia),
primers (10 M), dATP (200 uM), dTTP (200 pM), dCTP (200 pM),
dGTP (360 pM), MnSO4 (640 uM), and a DNA template (20 pg).
The PCR protocol included 27 cycles of denaturation (95 °C,
30 s), annealing (60 °C, 45 s) and elongation (72 °C, 105 s). The
expected number of mutations was 4-5 per construct [24]. The
obtained samples were cloned into plasmid vectors: pQe30
(to facilitate expression in bacterial cells) and pC1 (to facilitate
expression in mammalian cells).

Bacterial cells

We used strain XL1-Blue of E. coli. The cells were cultured in
an LB broth orin a solid medium in Petri dishes (1.5% LB agar).
The medium contained 100 pkg/ml ampicillin (for pQe30) or
25 pkg/ml kanamycin (for pC1).

The US SZX12 fluorescence microscope (Olympus;
Japan) was used to select the brightest fluorescent colonies
that were subsequently transferred onto the solid substrate.
Further measurements were carried out usingVarian Cary
Eclipse fluorescence spectrophotometer (Agilent; USA). Briefly,
the bacterial biomass was suspended in 1 ml of PBS and
fluorescence emission and excitation spectra were recorded at
Aex = 585 nm and Aem = 624 nm, respectively. To change the
redox state of the cells, H,0, was added to the suspension at
the final concentrations of 100 uM — 2 mM. The data were
processed in OriginPro 9.0 (OriginLab; USA).

The recombinant protein

XL1-Blue E. coli cells were transformed with the roKate pQe30
plasmid. The mKate2 protein expressed by the cells had a
histidine tag (His-tag) at its C-terminus. The bacterial clones
were cultured in LB broth containing 100 pkg/ml ampicillin
for 16 h at room temperature under continuous stirring at
200 rpm. The obtained bacterial suspension was pelleted by
centrifugation for 15 min at 2,000 g and 4 °C. Cell lysis was
aided by the commercial B-PER™ Bacterial Protein Extraction
Reagent (ThermoFisher; USA). Then, the samples were again
centrifuged for 20 min at 18,000 g and 4 °C. The supernatant
was applied to the chromatography column containing TALON
purification resin (Clontech; USA) capable of binding to the
His-tag. The protein was eluted from the column using a PBS
solution (pH 7.0) containing 250 mM imidazole. To separate
imidazole from the recombinant protein, the latter was run
through a gel filtration column packed with Sephadex G-50
(GE Healthcare Life Sciences; UK). The sample was incubated
in a PBS solution containing 20 mM dithiothreitol for 30 min to
reduce disulfide bonds.
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In vitro tests of the biosensor

An aliquot of the purified protein was added to 1 ml of PBS (pH
7.0) at a final concentration of 100 nM in a spectrophotometry
cuvette. Fluorescence emission and excitation spectra were
recorded by Varian Cary Eclipse (Agilent; USA) at Aex = 585 nm
and Aem = 624 nm. GSSG or GSH were added to the sample
at concentrations ranging between 50 pM and 2 mMI; the
spectra were recorded subsequently.

The purified protein was titrated with glutathione solutions
with the GSH/GSSG ratio varying from 10 : 0 to 0 : 10. Then,
the following approach was applied to measure the redox
potential of the tested biosensor. First, Y was calculated by
the formula: Y = (F -F_)/(F, . -F.), where F_is fluorescence
intensity in the sample with a known GSH/GSSG value; F__ is
fluorescence intensity in the sample containing 1 mM GSSG
F . is fluorescence intensity in the sample containing 1 mM
GSH Then, logY was plotted against log([GSSG)/[GSH]). A
GSSG/2GSH ratio was determined at which the signal intensity
changed by 50%; the obtained value was designated as A. The
equilibrium constant K was calculated by the formula: logK, =
log(F,../F...) — logA. The redox potential (E) was calculated
by the formula: E = E - (RT/nF)-InKeq, where E is the redox
potential of glutathione (240 mV) at pH = 7.0; R is the gas
constant (8.314 J/mol«K); T is temperature (K); n is the number
of electrons participating in the exchange; F is the Faraday
constant (96, 490 J/mol/V).

For samples with a known GSH:GSSG ratio, the oxidation
degrees (OxD) of the glutathione pool and roKate were
calculated by the following formulas:

OxDggyy
OxD

= 2[GSH]/(2[GSSG] + [GSH]),
okate = [GSHI([GSSCI(K,,, + [GSHI/[GSSAY)).

The quantum vyield of the biosensor was calculated by the
formula: QY = (Em o Abs . J/EM .« Abs_ . )) e
QY aerr Where Em_ . and Em_ . are intensities of the
fluorescent signals emitted by roKate and the reference mKate2
protein with the emission peak at A = 624 nm; Abs_,.. and
Abs ..., are absorbances of roKate and the reference mKate2
protein at A = 590 nm; QY .. is the quantum yield of mKate2
(a precalculated value, 0.4).

To determine the extinction coefficient (§), absorption
spectra were recorded at A = 590 nm for native roKate and
roKate denatured in 1 mM NaOH. Following the assumption
that & of the denatured roKate chromophore equals & of mKate2
(62,500 M~ « cm™), we calculated the extinction coefficient
for the native protein by the formula: & = (Abs
Absdenat'

pK, of the biosensor was measured using a series of
buffer solutions with a known pH ranging from 3.0 to 11.0
(at 0.5 increments). An aliquot of the protein was added to
each of the solutions at a final concentration of 100 nM and
the fluorescence excitation spectrum was recorded; then, the
fluorescence intensity/pH curve was built.

roKate

native native ° Edenat)/

Mammalian cell culture

In our experiment, we used the Hela Kyoto cell line cultured in
DMEM supplemented with 10% FBS, 2 mM glutamine, 1% of
penicillin and streptomycin. The cells were grown at 37 °C in a
5% CO, atmosphere.

Prior to transfection, the cells were plated and cultured in
35 mm glass-bottom microscopy dishes FluoroDishes (World
Precision Instruments; USA). Plasmid DNA was mixed with the

FuGene HD transfection reagent (Promega; USA) following the
manufacturer’s protocol. After the transfection solution was
added to the cell culture, the dishes were put in the incubator.
Microscopy was performed on the following day.

Fluorescent microscopy

Microscopy was performed using the DMI 6000 B microscope
(Leica; Germany) equipped with a 120W HXP mercury lamp
(Osram; Germany) and a CoolSNAP HQ CCD-camera
(Photometrics; USA). The TX2 filter (Excitation: BP560/40;
Emission: BP645/75) was used to record fluorescence in the
far-red spectrum. Prior to microscopy, the DMEM medium
was replaced with a Hanks’ balanced salt solution containing
15 mM Hepes. Microscopy was performed in 1 ml of the
medium at 37 °C. One hundred pL of hydrogen peroxide
brought to a final concentration of 750 uM was added to
the cells in order to oxidize the intracellular glutathione pool.
Dithiothreitol taken at a final concentration of 2 mM was used
as a reductant. The images were analyzed in Leica Application
Suite Advanced Fluorescence software (Leica; Germany). Final
image processing was done in ImagedJ (EMBL; Germany) and
OriginPro 9.0 (OriginLab; USA).

RESULTS
Genetic constructs

The red fluorescent protein mKate2 is a monomer that produces
very bright fluorescence and is stable under physiological
pH conditions [23]. So, we selected this protein to design a
redox biosensor capable of reporting shifts in the 2GSH/GSSG
ratio. A pair of cysteine (Cys) residues was introduced into the
protein structure by site-directed mutagenesis in such way that
they could form a disulfide bond when oxidized. In total, 10
protein variants were obtained differing in the positions of Cys
insertions: 142/198, 142/196, 141/161, 144/196, 141/198,
141/161, 141/196, 107/118, 140/214, and 200/214. It is
known that it takes quite a time for the equilibrium between the
redox-active cysteine residues of previously designed rxYFP
and roGFP biosensors and the glutathione pool to settle.
However, if glutaredoxin (Grx) concentrations are increased
in the vicinity of these proteins, the reaction accelerates.
Therefore, rxXYFP and roGFP were fused to human Grx1 at the
gene level via a polypeptide linker [25, 26] to speed up the
reaction. All mKate2-based constructs contained human Grx1
attached by a linker (Gly-Gly-Ser-Gly-Gly)6 to their N-terminus.
Fig. 1A is a schematic representation of how the obtained
biosensor is expected to function.

roKate expression in bacterial cells

The obtained genetic constructs were expressed in XL1 Blue
E. coli bacterial cells. Twenty-four hours later, fluorescence
intensity was measured in the grown colonies. To assess
the functional activity of each fluorescent biosensor variant,
we recorded changes in the fluorescence excitation spectra
before and after H,0O, (the final concentration of 1 mM) was
added to the bacterial suspension. H,0, is a powerful oxidant
that significantly affects the redox state of the intracellular
environment if taken in excess. It also leads to the increased
production of GSSG. Grx1-mKate2 was used as a negative
control. This protein does not contain redox-active Cys in
the chromophore environment of the fluorescent protein
and, therefore, does not respond to oxidation by changing
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its spectral properties. After the measurements, two proteins
with Cys at positions 141/198 and 141/196 were selected for
further experiments. Other mutants either lacked fluorescent
properties or were insensitive to oxidation.

Fluorescence intensity of the selected mutants declined by
less than 10% in response to oxidation with H,0,. Random
mutagenesis was performed to improve the properties of the
proteins. This method produces a fixed number of random
mutations in a targeted gene and can be used to obtain
thousands of variants of the same protein that differ in only a
few amino acid substitutions. Since even a single mutation can
significantly affect the properties of a protein, further screening
should be performed to identify the optimal mutants. After
running a few cycles of random mutagenesis, we selected the
brightest clones that were further tested under the conditions
of oxidative stress. Finally, we opted for a mutant that contained
redox-active Cys141 and Cys198 and additional mutations
Lys12Glu and Asn21Asp in the structure of the fluorescent
protein. This mutant protein was named roKate. It responded
to oxidation by at least a 40% drop in fluorescence intensity.
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Measuring roKate characteristics in vitro

The roKate protein was purified for further in-depth analysis.
This protein has one fluorescence excitation peak at 585 nm
and one emission peak at 624 nm (Fig. 1B). Because during
the initial screening H,O, concentrations were high, the first
thing to test was whether H,0O, could directly oxidize the redox-
active Cys residues of the protein. H,O, at a final concentration
of 1 mM was added to the protein sample (100 nM), causing
no changes to the excitation spectra of the sample (Fig. 1C).
However, fluorescence intensity dropped by 40% when 1 mM
of GSH was added to the sample before 1 mM of H,0O, was
added, which can be explained by GSH oxidation (Fig. 1D). The
same fluorescence pattern was observed when pre-oxidized
GSSG (1 mM) was added to the protein sample (Fig. 1E). That
reaction was reversible in vitro. If glutathione reductase (GR) and
NADPH were introduced into the same sample, fluorescence
intensity went back to its initial value (Fig. 1E). Thus, changes
in the signal intensity were mediated by the changes in the
glutathione redox state.

A
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Fig. 1. A. A schematic representation of roKate’s functioning. Two closely positioned cysteine amino acid residues were incorporated into the protein’s structure. When
oxidized, the residues form a disulfide bond in the presence of human glutaredoxin 1 (Grx1). Oxidation is accompanied by a drop in fluorescence intensity. B. The
fluorescence emission and excitation spectra of the biosensor. C. Changes in the fluorescence excitation spectra in response to the presence of hydrogen peroxide and the
subsequent addition of GSH. D. Changes in the fluorescence excitation spectra in response to the presence of GSH and the subsequent addition of hydrogen peroxide.
E. Changes in the fluorescence excitation spectra in the isolated protein sample accompanying oxidation (the addition of GSSG) and subsequent reduction (enzymatic

reaction of glutathione reduction in the presence of GR and NADPH)

BECTHVK PIMY | 1, 2019 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | MOLECULAR BIOLOGY

O-O T T
0.2 0.4

05 06 1.0
OxD

GSH

Intensity (rel. u.)

600 -

500 A

400 4

300 +

200 4

100 A

Fig. 2. A. Relationship between roKate and glutathione oxidation degrees. B. Relationship between roKate’s fluorescence intensity and pH

A +750 uM H,0, —— roKate

1.1 4 l —— roKate 6e3 Grx1
1.0 4 —— roKate 6e3 akTuBHbIx Cys
0.9 -

S 0.8

® 07

|.|.$ 0.6 A
0.5 -
0.4 -
0.3 T T T T T T

0 2 4 6 8 10 12
Time (min)

Max

Min

Fig. 3. The roKate biosensor in HeLa Kyoto cells. A. Fluorescence intensity dynamics of roKate (the black curve), its variant without Grx1 (the blue curve) and its
variant without redox-active cysteine residues (the red curve) in the cytoplasm of living HelLa Kyoto cells in response to the addition of hydrogen peroxide to the medium
(the moment hydrogen peroxide was added is marked by an arrow). Error bars show the standard deviation from the mean. B. Images of HelLa Kyoto cells expressing
the roKate biosensor before and after the addition of hydrogen peroxide (the time on the images corresponds to that on the graph). The images are shown in pseudo

colors corresponding to signal intensity. Scale: 40 pm

The purified roKate protein was titrated with solutions with
different GSH /GSSG ratios ranging from 10 : 0 to O : 10. This
was necessary to evaluate roKate’s redox potential. Fig. 2A shows
the relationship between roKate and glutathione oxidation
degrees. The redox potential of the biosensorwas —245 mV.

The pH sensitivity of the protein was tested using a standard
series of buffer solutions with a known pH. The chromophore of
fluorescent proteins can exist in a protonated or deprotonated
state due to the presence of an amino acid tyrosine residue in
its structure. Therefore, the intensity of the fluorescent signal
depends on pH. In an experimental system, it is important to
keep in mind that the amplitude of changes that the fluorescent
signal undergoes under different pH conditions varying in the
physiological range (6.0-8.0). We found that pK, of the roKate
biosensor was 6.5. As pH went up from 6.0 to 8.0, fluorescence
increased threefold (Fig. 2B).

We also calculated the extinction coefficient and the
quantum yield of roKate. They were 36,400 M-' cm~' and 0.3,
respectively.

roKate expression in eukaryotic cells

The roKate gene was cloned into the pC1 vector for further
expression in mammalian cells. For the human Hela Kyoto cell
line, the maximum amplitude of the response was 55% under
the conditions of oxidative stress caused by H,0, (the highest
concentration was 750 pM) (Fig. 3A and B). H,0, was added
to the cell culture repeatedly to identify the maximum change
in the signal intensity during oxidation. Normally, the cells do
not require any extra reductants to reduce biosensors similar

to roKate. However, roKate was not reduced in the cytoplasm
of HelLa Kyoto cells even when the cells were incubated with
different reductants, including dithiothreitol, 3- mercaptoethanal,
and tris(2-carboxyethyl) phosphine). The construct bearing no
Grx1 at the N-terminus was inferior to the full-sized biosensor
in terms of the reaction rate (Fig. 2A). This means that Grx1 has
a key role in supporting the equilibrium between the intracellular
glutathione pool and the redox-active cysteine residues of the
sensor. The mutant without mKate2 cysteine residues did not
change its fluorescence in the eukaryotic system.

In mammalian cells, roKate is oxidized irreversibly, meaning
that the sensor can only report the oxidation dynamics of the
glutathione pool and is unable to sense its reverse reduction.

DISCUSSION

We have developed a genetically encoded biosensor based
on the red fluorescent protein mKate2. The biosensor is
capable of reporting the redox state of the glutathione pool.
The properties and design of roKate differ from those of a
previously proposed rxRFP sensor [27] that was based on a
circular permutated red fluorescent comApple protein. Circular
permutants of fluorescent proteins are obtained by connecting
(at the gene level) the “native” N- and C-termini to each other
by a polypeptide linker sequence; the new N- and C-termini
are formed in close proximity to a chromophore. The structure
of a circular permutantis more conformationally flexible,
affecting its spectral characteristics. In rxRFPF, redox-active
cysteine residues are located at the N- and C-termini of the
circular permutant, but the protein is not fused to Grx [27], i. e.
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endogenous Grx is needed to support the equilibrium between
the redox state of the surrounding glutathione pool and the
protein. Besides, chromophores of circular permutants are
more susceptible to the environment in comparison with native
proteins. This explains why the rxRFP biosensor is sensitive to
physiological fluctuations of pH.

Another member of the red fluorescent protein-based
biosensor family specialized in monitoring the 2GSH/GSSG
ratio is called Grx1-roCherry. It has a classic structure
composed of a mCherry protein containing a pair of redox-
active cysteines and Grx1 fused to the protein by a polypeptide
linker sequence. Its redox potential (<311 mV) is different from
roKate’s; it also differs from our biosensor in the ability to be
reversibly reduced in mammalian cells [28].

Red fluorescent proteins are more convenient when it comes
to in vivo experiments in living systems. They can be used in
parallel with green sensors for multiparameter microscopy. This
approach yields a wealth of valuable information since it allows
researchers to monitor the behavior of several parameters
within one biological system or one parameter in different cell
compartments [29].

The reason why the oxidized roKate sensor does not
get reduced in mammalian cells is unknown. But the protein
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TAKAYASU'S ARTERITIS: THE RETROSPECTIVE ANALYSIS OF PATIENTS FROM THE URAL POPULATION
Borodina IE "?= Popov AA?, Salavatova GG', Shardina LA?

" Sverdlovsk Regional Clinical Hospital No.1, Yekaterinburg, Russia
2 Ural State Medical University, Yekaterinburg, Russia

Takayasu's arteritis (TA) is a rare disease that can be overlooked during the first visit to a GP, rheumatologist, or any other medical specialist due to a variety of its
symptoms. The aim of this study was to describe the clinical presentation and the course of patients with TA residing in the Middle Ural. A retrospective analysis
was conducted using the medical records of 183 patients treated at the Sverdlovsk Regional Clinical Hospital 1 from 1979 through 2018. The male to female ratio
was 1:3. The mean age was 33.5 years for women and 35.2 for men. The most frequently involved arteries were subclavian (101 cases; 55%), carotid (98 cases;
53%) and renal (77 cases; 42%). Type V was the most common angiographic type. Arterial stenosis was present in 94 (51%) patients. Sixty-six patients received
surgical interventions. Of all patients included in the analysis, 31 died. The observed 5-year survival was 92%, 10-year survival, 90% and 15-year survival, 80%.
Seventy-two patients (39%) developed major adverse cardiovascular events (MACE), including myocardial infarction, ischemic stroke, and thrombosis of large
arteries/veins. The clinical presentation of TA may vary in different geographical regions.
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APTEPUUT TAKAACY: PE3YJIbTATbI PETPOCINEKTUBHOIO AHAJIN3A NALMEHTOB
YPAJIbCKOW nonynaumn

M. 3. bopogmHa'?E=, A, A. MNonoe?, I'. . Canasatosa', /1. A. LLlapanHa?

' CBepaoBckasn obnacTHas KnHndeckast 6onbHuLa Ne 1, ExkatepuHbypr, Poccus
2 YpanbCKuii rocyAapCTBEHHbIN MEAVLIMHCKWIA yHBepcuTeT, EkatepunHbypr, Poccuns

ApTepumnT Takascy (AT) — pefkoe 3aboneBaHvie, KOTOPOEe PEBMATONONM, BPa4M OBLLEN MPaKTUKN 1 APYyrie CeLmanncTbl MOMyT He pacno3HaTb NPy NepBUYHOM
MOCELLEHNM NauyeHTa 13-3a PadnyHbIX KIMHUYECKMX NposiBneHni. Liensbto nccnenoBanmns 6b110 OLEHUTb KIMHUHECKYIO KapTuHy 1 TedeHne AT y 183 naumeHTos
CpenHero Ypana. B peTpocrneKTvBHYytO YacTb vccnenoBaHus Bolm 183 cTpaparolyix AT nauveHToB, HabnopasLvecs B CBEpOSIOBCKON 06M1aCcTHOM KIMHUYECKO
6onbHuLe Ne 1 B neprog ¢ 1979 no 2018 r. COOTHOLLEHNE MY>KHIH 1 >KeHLLWH cocTaBnsano 1 : 3. CpeaHuii Bo3pacT »eHWwmH — 33,5 roaa, My>kdnH — 35,2 neT.
Hanbonee 4acTo 6binn 3apervcTpMPOBaHbI MOPXKEHVS CNEAYIOLLIX apTepui: noaktodndHon — 101 (55%) cnyyan, coHHon — 98 (53%) cny4aes 1 MoYeHHbIX —
77 (42%) cnyyaes. Hanbonee 4acTo BCTpeYancs aHrmorpauyeckuin Tun vV, a TUnnyHbIM aHrorpadmHeckiM Npr3HakoM Obin apTepuanbHbld cTeHo3 — 94 (51%).
Xnpyprudeckue BMeLaTensCTBa BbiMONHeHbl 66 nauyeHTamM. 3a neprof, NCCNeaoBanmns 3aperncTpupoBaH 31 neTasbHbIA UCXOM, NATUNETHAS BbPKUMBAEMOCTb
coctaBuna 92%; 10-netHas — 90%, a 15-netHag — 80%. Y 72 (39%) NaumeHToB pasBuiCh KIMHNHECKN 3HA4YNMbIE CEPAEHHO-COCYAMCTbIE COOBITUSA: MH(DAPKT
M1oKapaa, NWEeMNHYECKUIA MHCYBT, TPOMOGO3 KPYMNHON apTepun 1 BEHO3HbIN TPOM603. B pasHbix reorpaduyeckix 3oHax AT MOXET UMETb LLMPOKMIA CNEKTP
KIMHUYECKMX MPOSIBAEHNIA.

KnioueBble cnoBa: apTepunT Takasicy, KIMHUHYECKUE NPOABNEHNS, NOYeYHas apTepus

NHbopmaums o Bknaae aBTOPOB: BCE aBTOPbI MPUHUMAITH YHaCTVe B MAaHNPOBaHWN PaboTbl, CTATUCTUHECKON 06paboTKe, 0OCY>KAEHNM PESYNLTATOB, HAMNCaHNN
1 pefakTpoBaHun Tekcta. V1. 3. bopoamHa n I I. Canasatosa NpoBoAvn CO0p NEPBU4HOIO Matepuana 1 (POPMUPOBaHIE SNEKTPOHHON 6a3bl AaHHbIX.

CobniofeHne aTUYECKNUX CTaH[APTOB: MCCnefoBaHne ogobpeHo aTtuydeckum komutetom ®BEMOY BO YIMY MuHucTepcTBa 3apaBooxpaHeHns Poccuu,
npotokon Ne 9 oT 23 Hosbps 2018 T

><] Ons koppecnoHaeHuun: ViprHa 9nyapaosHa bopoanHa
yn. PenuHa, a. 3, r. EkatepuHbypr, CeepanoBckas obn., 620014; borodysik@mail.ru

Cratbsl nony4eHa: 10.08.2018 Ctatbsi npuHaTa K nevatu: 02.03.2019 Ony6nukosaHa oHnanH: 14.03.2019
DOI: 10.24075/vrgmu.2019.012

Takayasu's arteritis (TA) is a granulomatous vasculitis of the  stages include asymmetric pulse or blood pressure in the

aorta and its major branches. Although TA predominantly
affects Asian and South American ethnic groups, rare cases of
the disease are reported in other races, too [1]. TA incidence
varies from 0.8 to 2.6 cases per 1, 000, 000 adult population
depending on the geographical area of residence and ethnicity
[2]. At present, no epidemiological data are available on the
prevalence of this disease in the Russian Federation. Because
of untimely diagnosis and delayed treatment, patients with
TA can develop major adverse cardiovascular events (MACE)
leading to premature yet preventable death.

At its onset, TA can mimic a wide range of conditions.
Specific symptoms that may not be present in the early
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upper extremities accompanied by pronounced hypertension,
impaired vision, and abdominal pain.

The aim of this retrospective study was to describe the
clinical manifestations, laboratory and radiographic findings,
the course and outcome of TA in 183 patients residing in the
Middle Ural.

METHODS
Our retrospective cohort study included 183 patients (139

females and 44 males) with verified TA who had received
treatment at Sverdlovsk Clinical Hospital No. 1 between 1979
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and 2018. The age at diagnosis was 9 to 62 years in females
(mean: 33.5; median: 35; 25%-75% IQR: 24-43) and 12 to
59 years in male patients (mean: 35.18; median: 34; 25%-75%
IQR: 26.5-42). The duration of the disease was 0.6 to 64 years
in women (mean: 12.3 years; median: 10 years; 25%-75%
IQR: 4-18) and 0.6 to 32 years in men (mean: 9 years; median:
7 years; 25%-75% IQR: 4-14.5). The time elapsed between
the onset of the first clinical symptoms and the established
diagnosis was 0.6-54 years in females (mean: 5.7 years;
median: 3 years; 25%-75% IQR: 1-7) and 0.6-33 years in men
(mean: 6 years; median: 4 years; 25%-75% IQR: 1.5-8) (Table 1).
The primary diagnosis of TA specified in the patients’
medical records was verified according to the criteria proposed
by the American College of Rheumatology in 1990 [3].
Following the unified protocol, we collected and analyzed
demographic data, clinical, laboratory and angiography
findings, and information about TA-related surgical
interventions. Moriwaki’s classification criteria were applied to

Table 1. Characteristics of the patients with Takayasu's arteritis included in the study

describe arterial damage [4]. Because our retrospective study
covered a long time period that had seen an evolution in clinical
practices and technologies, the imaging modalities used to
identify arterial stenosis, occlusion, dilation, dissection, etc.
were different and included conventional catheter angiography
and/or CTA and/or MRA and/or ultrasonography. Importantly,
for every patient, ultrasonography findings were confirmed by
at least one contrast-enhanced imaging technique.

To obtain information about the clinical manifestations and
angiographic demonstration of the disease in other ethnicities,
we searched the PubMed database using Takayasu's arteritis
as keywords. Similar to the present study, the inclusion criteria
used in the PubMed articles were based on ACR 1990 [3].
Among them were: the presence of 3 or more TA symptoms
(90% sensitivity, 97.8% specificity), including 40 years at onset,
claudication (muscle weakness and pain in the extremities
during movement), pulse deficit in one or both brachial arteries,
blood pressure difference > 10 mmHg in the brachial arteries,

Patients
Characteristics Females Males Total
139 (76%) 44 (24%) n =183 (100%)
Age at diagnosis, years, Me [25%-75%] 35 [24-43] 34 [26.5-42] 35 [24-43]
Duration of the disease, years, Me [25%-75%] 10 [4-18] 7 [4-14.5] 13.5 [6-20]
Time between the onset of the first symptoms and diagnosis, Me [25%-75%)] 3[1-7] 4[1.5-8] 3[1-8]

Table 2. Clinical and laboratory findings

Patients (n = 183)

Hypertension 98 (53%)
Pain, weakness, numbness, and asymmetric pulse in the upper extremities 89 (49%)
Malaise 87 (47.5%)
Headache 86 (47%)
Fever 65 (35.5%)
Weight loss 44 (24%)
Claudication 40 (22%)
Dizziness 40 (2%)
Blood pressure difference > 10 mmHg 37 (20%)
Chronic abdominal ischemia 36 (20%)
Chest pain 31 (17%)
Pain, weakness, numbness in the lower extremities 26 (14%)
Shortness of breath 16 (8%)
Arthralgias 13 (7%)
Laboratory tests
ESR (mm/h), Me [25%-75%] 18 [6-28]
CRP (g/l), Me [25%-75%)] 0.3 [0-6]
WBC (10%1), Me [25%-75%] 6.2 [4-8.7]
Hg (9/1), Me [25%-75%] 119 [97-128]
TA type (Moriwaki’s classification)

1 60 (33%)

2a 9 (5%)

2b 1(0.5%)

3 (2%)
4 32 (17%)
5 78 (43%)

Note: Me — median; 25% — the lower quartile; 75% — the upper quartile.
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bruits over the subclavian arteries or abdominal aorta, and a
narrowed lumen or occlusion of the aorta or its major branches
in the proximal upper and lower extremities not associated with
atherosclerosis, fioromuscular dysplasia and spasm.

A reference dataset was compiled from Elibrary, a free
Russian academic database of research works on biomedicine
and natural sciences. We ran a search using Takayasu's arteritis
and TA as keywords in order to obtain information about clinical
and angiographic TA manifestations in Russian patients [1, 14,
19, 20].

Statistical analysis

The data were processed in Statistica 7.0 (Statsoft inc; USA).
Categorial variables were analyzed using a chi-square test.
All statistical tests applied were two-tailed; differences were
considered significant at p < 0.05. The Kaplan-Meier method
was used to analyze the factors affecting patients’ survival.
Between the groups, survival distributions were compared
using the log-rank test.

RESULTS

Demographic data and clinical manifestations
of the disease

At the time of examination, the most common clinical symptoms
were malaise (47.5%), elevated blood pressure (53%), pulse
asymmetry in the upper extremities (49%), pain, weakness or
numbness in the upper extremities (49%), and headache (47 %)
(Table 2).

Erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) and high-sensitivity CRP were elevated (Table 2). The
most common pattern of arterial involvement was Moriwaki’s
type V (the aortic arch, its major branches, the abdominal aorta
and/or renal arteries).

Pathological lesions were typically found in the subclavian,
carotid and renal arteries. Stenosis was the most common
pathology (Table 3).

Surgical interventions were performed on 66 (36%) patients
(23 men and 43 women). Among the indications for surgery
were: hemodynamically significant stenosis, occlusion or
thrombosis of the involved vessels; hypertension caused by
renal artery or subtotal aortic stenosis; symptoms of end-
stage upper/lower limb ischemia. The surgical interventions
performed can be broken down into two groups: endovascular
procedures (stenting, bypass grafting, angioplasty) and open
reconstructive surgeries. Besides, one patient with aneurysm
and thrombosis of renal arteries had to undergo nephrectomy
and kidney autotransplantation (Table 4).

In the majority of cases, medication therapy included
glucocorticoids (96 patients; 52%) and antiplatelet agents,
such as aspirin and dipyridamole (116 patients; 63%) (Table 5).

Since 1979, 31 patients have died, including 18 men and
13 women. The mean age at death was 38 years in women
(Me [25%-75%)] — 36 [32-44]) and 49 years in men (Me [25%—
75%] — 50 [40-57]). On average, the time elapsed from the
established diagnosis to the moment of death was 9.25 years
(6.5 [3-16]) in men and 9 years (5 [3—10]) in women. Information
about the causes of death was obtained from autopsy protocols
(h = 22) and in conversations with the close relatives of the
deceased (n = 9) (Table 6).

Data on the patients’ survival is shown in Fig. 1. The 5-year
survival rate was 92%; 10-year survival, 90%; and 15-year
survival, 80%. (median: 34 [20-41]).
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A total of 72 patients (27 men and 45 women) developed
cardiovascular complications. On average, age at TA onset was
Me [25%-75%] — 33 [26-43]. TA duration before the onset of
a cardiovascular even was Me [25%-75%] — 10 [5-20]. Age
at the onset of cardiovascular complications was 38 [30-49.5]
(Table 7).

DISCUSSION

In spite of being considered a rare disease, Takayasu's arteritis
is studied all over the world because it poses a significant
social and economic burden: patients with TA develop serious
cardiovascular complications causing disabilities and premature
death in young people.

Although the arsenal of available diagnostic techniques is
vast, the diagnosis of TA still remains a challenge due to the
variability of its symptoms and the lack of knowledge of the
disease demonstrated by public health practitioners. This leads
to misdiagnosis during the initial examination or delays the
correct diagnosis.

Our sample of the Ural residents was dominated by women:
139 (76%) of 183 participants were female. In other countries,
the male to female ratio varies between 1 : 2.4 and 1 : 8 in
Israel, 6.9 : 1 in Mexico and 8 : 1 in Japan [5-8]. In our study,
the demographic characteristics, early clinical symptoms and
the course of the disease were consistent with the previously
published data indicating that TA strikes at young age [6-12].

Headache, hypertension (systolic blood pressure of 140 mmHg
and/or diastolic blood pressure of 90 mmHg and above) were

Table 3. Arterial damage in the patients with TA (the present study)

Arteries involved n
Subclavian 101 (55%)
Carotid 98 (53%)
Vertebral 16 (9%)
Axillary 11 (6%)
Brachial 12 (6.5%)
Pulmonary 6 (3%)
Coronary 31 (17%)
Celiac 42 (23%)
Superior mesenteric 45 (25%)
Renal 77 (42%)
Femoral 25 (14%)
lliac 33 (18%)
Aortic arch 39 (21%)
Ascending thoracic aorta 15 (8%)
Descending thoracic aorta 9 (5%)
Abdominal aorta 52 (28.4%)
Lesion types n

Stenosis 94 (51%)
Stenosis + occlusion 55 (30%)
Occlusion / Aneurysm 2 (1%)
Stenosis / aneurysm / occlusion 7 (4%)
Occlusion 8 (4%)
Stenosis + coarctation 3 (2%)
Stenosis + aneurysm 14 (7.6%)
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Table 4. Surgical interventions performed in the patients with TA

Surgery type Patients (n = 66)
Renal artery bypass with autogenous vein 4 (6%)
Carotid-subclavian bypass grafting 4 (6%)
Brachial artery bypass with autogenous vein 1(1.5%)
Autogenous vein patch reconstruction of the brachial artery 1(1.5%)
Renal artery stenting 13 (20%)
Descending thoracic aorto-bifemoral bypass grafting 3 (4.5%)
Thoracoabdominal bypass grafting 2 (3%)
Celiac trunk and superior mesenteric artery bypass grafting 3 (4.5%)
Abdominal aorta thrombectomy 2 (3%)
AFBG 7 (11%)
Renal artery angioplasty 11 (17%)
Carotid artery stenting 1(1.5%)
Subclavian artery angioplasty 1(1.5%)
Subclavian artery stenting 1(1.5%)
Thrombectomy for thrombosis of a femoropopliteal bypass graft 1(1.5%)
AFBG + SFA bypgss grafting on the right sidg. Thromt?osis of t.he aorto-femoral bypass graft/ grgﬂ thrombectomy in both branches. 1(1.5%)
SFA and DFA angioplasty on the left, formation of a single ostium, profundoplasty on the right side
Right renal artery dilatation 2 (3%)
Kidney autotransplantation 1(1.5%)
Nephrectomy 4 (6%)
Renal artery thrombectomy 2 (3%)
BCA bypass grafting 2 (3%)
Left renal artery endarterectomy 1(1.5%)
Subclavian-carotid anastomosis 2 (3%)
Celiac artery endarterectomy 1(1.5%)
Brachial artery thrombectomy 1(1.5%)
SFA thrombectomy on the right side 1(1.5%)
Graft thrombectomy of the right branch 1(1.5%)
Transfemoral amputation 2 (3%)
Abdominal revision for mesenteric thrombosis 1(1.5%)
Infrarenal aorta bypass grafting 1(1.5%)
Resection and end-to-end anastomosis of the small bowel following acute mesenteric thrombosis 1(1.5%)
Resection of aneurysm in the brachiocephalic trunk 2 (3%)
Bifurcation alloplastic grafting of the aorta, carotid and brachiocephalic arteries 3 (4.5%)
Carotid artery thrombectomy 2 (3%)
Abdominal cavity and renal artery revision 2 (3%)
Resegtion of the right par.t of the Iargg bowel and the terminal ileum + jejunotransverse anastomosis 1(1.5%)
following acute mesenteric thrombosis
lliofemoral thrombectomy 1(1.5%)
Implantation of arteriovenous graft in the left forearm 1(1.5%)
Aorto-bicarotid bypass grafting 3 (4.5%)
Thoracoabdominal replacement following aortic coarctation 1(1.5%)
Aneurysm resection in the abdominal aorta 1(1.5%)
Aortic stenting following coarctation 1(1.5%)
Resection of proximal anastomotic aneurysm in the subclavian artery 1(1.5%)
Carotid-subclavian bypass grafting 1(1.5%)
Autogenous vein repair of the subclavian artery 1(1.5%)
Brachial artery dilatation 1(1.5%)
lliofemoral bypass grafting 1(1.5%)
Coronary artery stenting 5 (7.5%)
AMCB 1(1.5%)
DFA stenting on the right 1(1.5%)
Linear iliofemoral bypass on the right side 1(1.5%)

Note: AFBG — aorto-femoral bypass grafting; AMCB — aorto- and mammary coronary bypass; BCA — brachiocephalic artery; SFA — superficial femoral artery;

DFA — deep femoral artery.
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Medication therapy Patients (n = 183)

Glucocorticoids 96 (52%)
Glucocorticoids + immunosuppressive agents (cyclophosphamide, azathioprine, hydroxychloroquine, methotrexate) 43 (23%)
No immunosuppressive therapy received or no exhaustive information about immunosuppressive therapy available in the medical records 40 (21%)
Genetically engineered drugs 0 (0%)

Antiplatelet agents 116 (63%)
Statins 27 (15%)
Nonsteroidal anti-inflammatory drugs 42 (23%)
Plasmapheresis 31 (17%)

Table 6. Causes of death in the patients with TA

Cause of death Patients (n = 31)

Multiple cerebral infarctions resulting from progressive cerebral ischemia 1 (3%)
Cerebral infarction due to thrombosis of the internal carotid artery 1 (3%)
Bronchopneumonia 1 (8%)
Decompensated heart failure resulting from aortic regurgitation 2 (6%)
Massive bleeding due to anastomotic suture line failure following autogenous vein replacement of the renal artery 1(3%)
Bronchop_neumonig complicateq by abscess after aorto-bicarotid bypass grafting, cerebral reperfusion injury and postoperative coma 13%)
following implantation of a cardiac pacemaker

Cerebral infarction + encephalopathy after cerebral reperfusion injury and postoperative cerebral

coma after aorto-bicarotid bypass grafting 1@8%)
Postoperative sepsis caused by suppurative mediastinitis after performing subclavian-carotid anastomosis 1 (83%)
Cerebral infarction due to thromboembolism following resection of brachiocephalic aneurysm 1 (3%)
Cerebral infarctions in the presence of progressive cerebral ischemia after bifurcation aorto-carotid bypass grafting 1 (3%)
Small bowel gangrene in the presence of intestinal ischemia after bifurcation aorto-femoral bypass grafting 1 (8%)
Postoperative peritonitis due to anastomotic suture line failure following small bowel resection for mesenteric thrombosis 2 (6%)
Intracerebral hemorrhage due to hypertension 2 (6%)
Pulmonary embolism caused by deep vein thrombosis of the lower extremities 1 (8%)
Pulmonary embolism caused by multiple arterial and venous thrombosis of the internal organs 1(3%)
Cerebral infarction of the common carotid artery 1 (3%)
Massive bleeding due to the rupture of dissecting aortic arch aneurysm 1(3%)
Massive bleeding due to the rupture of dissecting abdominal aortic aneurysm 2 (6%)
Acute renal failure caused by abdominal aorta thrombosis 1 (3%)
Peritonitis due to acute mesenteric thrombosis 1 (3%)
Myocardial infarction 2 (6%)
Hepatic cancer 1 (3%)
Myocardial insufficiency (ischemic stroke) 1 (3%)
Poisoning 2 (6%)
Unknown 2 (6%)

Note: PE — pulmonary embolism.

similarly frequent in all studies including our cohort of patients
[9-14] (Table 8).

The most commonly involved vessels were the subclavian,
carotid and renal arteries. Stenosis was the most common
lesion type. The most prevalent (43%) TA type was type
V (according to Moriwaki’'s classification). The carotid and
subclavian arteries suffered the same types of lesions in all
analyzed studies, including ours. Similar to other cohorts, the
Ural sample demonstrated rare involvement of the vertebral,
pulmonary and iliac arteries. Interestingly, damage to the
ascending aorta and coronary arteries was very frequent in the
Korean population [9,15-18] (Table 9).
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There are reports that the brachiocephalic artery is
affected in 85% of Russian patients with TA, whereas
damage to the renal artery is observed in 23% cases [19, 20]
(Table 10).

Except for the Serbian study, all other research works
indicate that type V of arterial involvement is the most
frequent, while type lll is the most rare. The Serbian sample is
characterized by a high frequency of types | and lla damage.
Type llb prevails in the Korean population. Type IV is relatively
widespread in India and Brazil. Both genetic and environmental
factors can contribute to the clinical manifestations of TA (Table 11)
[15-17, 21-24].
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Fig. 1. Survival of the patients with TA

Table 7. Cardiovascular complications in patients with TA

15000

20 000

Patients with MACE (n=72)

Myocardial infarction 14 (20%)
Ischemic stroke 24 (35%)
Transient ischemic attack 3 (3%)
Hemorrhagic stroke 4 (6%)
Thrombosis of the renal artery 5 (7%)
Thrombosis of the brachial artery 2 (3%)
Mesenteric thrombosis 4 (6%)
Thrombosis of the radial artery 1(1.4%)
Thrombosis of the brachiocephalic trunk 1(1.4%)
Thrombosis of the dorsalis pedis artery 2 (3%)
Thrombosis of the axillary artery 1(1.4%)
Thrombosis of the infrarenal aorta 1(1.4%)
Thrombosis of the abdominal artery 2 (3%)
Thrombosis of the carotid artery 3 (3%)
Thrombosis of the subclavian artery 3 (3%)
Celiac thrombosis 1(1.4%)
Aneurysm rupture in the thoracic aorta 2 (3%)
Aneurysm rupture in the abdominal aorta 1(1.4%)
Thrombosis of the aorto-femoral bypass graft 6 (8%)
PE 3 (3%)
Thrombosis of the jugular vein 2 (3%)
Cerebral venous sinus thrombosis 1(1.4%)
Thrombosis of the sural veins 1(1.4%)
Thrombosis of the small saphenous vein 1(1.4%)
Thrombophlebitis of the tibial veins 1(1.4%)
Thrombophlebitis of the aorto-venous bypass graft of the renal artery 1(1.4%)
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Table 8. Clinical symptoms of TA in different geographical regions

This stud Italy India Brazil South Africa Japan Russia
(n=183) Z/O (n=67), % (n=106),% | (n=73), % (n=272), % (n=284),% | (n=215), %
' [9] [10] 1] [12] [13] [14]
Malaise 47.5 n/a n/a n/a 10 n/a 50
Weight loss 24 12 9.4 28 n/a 5 9
Fever 35.5 39 16 26 10 20 n/a
Headache 47 33 47 45 n/a n/a 50
Dizziness 22 27 n/a 29 n/a n/a n/a
Pain, weakness, nur_nlbness 49 52 59 58 12 54 50
of the upper extremities
Hypertension (systolic pressure
of 140 mmHg and diastolic pressure 53 46 52 36 77 52 68
of 90 mmHg)
Pulse a_symmetry in the upper 49 73 59 85 12 54 50
extremities
Blood pressure difference > 10 mmHg 20 72 59 85 12 54 50
Table 9. Arteries affected by the pathology in patients with TA residing in different geographical regions
This stud China Korea USA Italy France
Arteries (n=183) Z/o (n=411), % (n=20), % (n=126), % (n=104), % (n=282), %
' [19] [16] 7] [9] (8]
Subclavian 53 79.8 67.1 6.3 65.6 68.3
Carotid 55 791 721 50.9 443 59.8
Vertebral 9 28.7 n/a 18.5 13 28.0
Pulmonary 3 68.9 13.4 33.3 n/a n/a
Coronary 17 35.7 63.3 22.2 n/a n/a
Mesenteric 25 29.7 22.8 24.7 31.6 n/a
Renal 42 48.9 32.2 18.7 34.4 14.6
lliac 18 27.2 13.3 13.5 19.7 18.3
Ascending aorta 8 9.5 47.8 9.1 n/a n/a
Table 10. Damage to the arteries in patients with TA representing the Russian population
Arteries This study (n = 183) Central Russian regions [19] North European Russia [20]
Subclavian 55 n/a
Carotid 53 85% n/a
Vertebral 9 n/a
Pulmonary 3 n/a n/a
Coronary 17 n/a n/a
Mesenteric 25 n/a n/a
Renal 42 n/a 23%
lliac 18 n/a n/a
Ascending aorta 5 n/a n/a
Table 11. Angiographic characteristics of TA in different regions across the world
This study China [15] Korea [16] USA[17] India [21] Mexico [22] Serbia [23] Brazil [24]
Type |, % 33 221 111 20 6.9 19 50 11.9
Type lla, % 5 3.9 8.6 6 1 3 19 6
Type lb, % 0,5 3.9 141 7 5.9 4 0 1
Type lll, % 2 29 4.0 5 2.9 4 0 9
Type IV, % 17 6.3 7.6 5 28.4 2 0 27
Type V, % 43 60.8 54.5 57 54.9 69 31 18
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In our cohort of patients, survival rates were similar to those
reported in previous publications [17, 25-27]. However, there
are reports of different 5- and 10-year survival rates (69 and
36%, respectively) [28]. In the Arab population, the 5-year
survival rate is as low as 50% [29]. The record-breaking 100%
survival rate is reported in Japan [30].

A national TA registry is needed to estimate the prevalence
of the disease in different ethnic groups. It will provide valuable
information about TA presentation and clinical course necessary
to establish the timely diagnosis. The actual prevalence of TA
can be higher than suggested in the literature. Timely diagnosis
and treatment will help to improve patient outcomes.

The main limitation of the present study is its retrospective
design. Besides, the study was conducted in inpatients only. In
different time periods, the diagnostic procedures used in the patients
were different, which also complicates data interpretation.
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FREQUENCY OF CARBOHYDRATE METABOLISM DISORDERS IN DAY-CARE PATIENTS WITH BORDERLINE
FASTING BLOOD SUGAR LEVELS AND AT LEAST ONE RISK FACTOR FOR DIABETES MELLITUS
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In order to assess the diagnosis of carbohydrate metabolism disorders, day care patients from Tambov central regional hospital were investigated. The study was
conducted during 6 months in 2018. The study included 91 patients and allowed the diagnosis of type 2 diabetes mellitus (DM) in 31 (34.0%) cases, 6 (6.5%)
impaired fasting glucose and 22 (24.1%) impaired glucose tolerance. This survey highlighted the necessity to expand the screening populations at risk for developing
type 2 diabetes. The rational for the 75-gram oral glucose tolerance test for all individuals with fasting plasma glucose > 5.6 < 6.0 mmol/l and having one or more
risk factors for developing type 2 diabetes and / or metabolic syndrome is shown. Among these categories diabetes was detected in 4.3%, and prediabetes in
14.4% of cases.
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Diabetes mellitus (DM) is a major public health concern that
has serious social implications. By the end of 2017, type 2 DM
had been diagnosed in 425 million of the world population. By
2045, this number will have reached 629 million. It is estimated
that 212.4 million people worldwide do not know that they have
type 2 DM [1]. In January 2018, the National Diabetes Registry
reported that of 4.6 million Russian citizens diagnosed with
DM, 4.1 million had type 2 DM [2]. Extrapolated results of the
NATION cross-sectional study conducted in Russia suggest
that about 20.7 million Russian residents are prediabetic and
another 4.2 million do not know that they already have type 2

DM. Thus, the actual prevalence of type 2 DM in Russia is at
least 5.5% (8 million people); 19.3% of Russians are prediabetic.
The current situation with diabetes poses a serious threat to
public health: at least 50% of the population do not know they
are ill, do not receive any treatment and, therefore, are at high
risk for complications [3, 4].

Between 2007 and 2012, the number of Russian patients
with DM was increasing steadily by 6.23% (or 173,640) a year [5].

According to the report of the Federal Diabetes Mellitus
Registry published on January 17, 2018, the prevalence of type
2 DM in Tambov region was 4,044.3 per 100,000 population,
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ranking second among 85 Russian regions [2]. Therefore,
Tambov region could be a good location for a pilot study of type 2
DM epidemiologic trends in Russia. The analysis of type 2 DM
in the adult population of Tambov region demonstrates that its
prevalence was increasing gradually between 2011 and 2018,
from 1600,6 and 2477,0 per 100,000 population. In the first
place, this trend is associated with increased primary incidence
of type 2 DM that had risen from 208.1 to 242.6 by 2018 [6].

Obviously, prevention and timely diagnosis of type 2 DM is
becoming a nationwide concern. The prevalence of the disease
remains high; it also tends to grow over time. at present,
screening for DM in the groups at risk is not as effective as it
should be. A systemic population approach is needed that will,
among other things, seek to expand screening programs both
locally and statewide.

As part of the Federal Targeted Program on the Prevention
and Control of Major Diseases, the Diabetes Mellitus Project was
being implemented in Russia from 2007 to 2012. The project
aimed at improving life expectancy and reducing complications
in patients with DM, i. e. it focused on secondary prevention. There
are no statewide programs for primary prevention of type 2 DM
launched to stop progression of prediabetes into diabetes.

The term “prediabetes” was proposed by the World Health
Organization in 1965. Since 1999, the terms “prediabetes”
and “carbohydrate metabolism disorder” have been used to
describe the two health conditions preceding DM: impaired
fasting glucose (IFG) and impaired glucose tolerance (IGT), as
well as the combination of the two, highlighting a high risk for
type 2 DM in the affected patients (4-9% cases a year) 3, 7].

Because at least 50% of patients with type 2 DM do not
know they have it, we could be facing a situation when the
criteria for patient eligibility for DM screening are not sufficiently
sensitive.

The prevalence of metabolic syndrome (MS) varies from 14
1o 24% in the general population [8]. The symptoms of this
condition are observed in 20-50% of the working population of
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the developed countries [9]. In Russia, MS is diagnosed in 30%
of adults over 30, and the number of such patients is growing
steadily [10]. In 90% of cases, type 2 DM is accompanied by
abdominal obesity and is a clinical outcome of MS.

Timely diagnosis of type 2 DM is still a challenge. In spite
of the increasing availability of diagnostic techniques, the
diagnosis is often delayed until the time when complications
have already cropped up, which typically occurs within several
years after the actual onset of the disease. Timely diagnosis of
carbohydrate metabolism disorders could curb the incidence
of type 2 DM, prevent complications or disabilities, and reduce
the financial burden on the public healthcare system. Therefore,
further research into DM is a matter of paramount importance.

METHODS

This cross-sectional noninterventional observational cohort
study was conducted in 91 individuals (24 males and 67
females) aged 32 to 79 years. The participants were selected
from 840 patients of Tambov Central District Hospital who had
presented at the day-care unit over the period of 6 months in
2018. The following inclusion criteria were applied:

1. Fasting plasma glucose (FPG) of at least 5.6 mmol/L;

2. At least one risk factor (RF) for type 2 DM [1], including:

— age over 45 years;

— excess weight or obesity (BMI = 25 kg/m?);

— abdominal obesity (waist circumference > 94 cm in men
and > 80 cm in women);

— elevated blood pressure > 140/90 mmHg or antihypertensive
medication therapy in progress;

— hypercholesterolemia (LDP = 1.8 mmaol/L);

— cardiovascular disorders;

— previously detected impaired fasting glucose or impaired
glucose tolerance;

— family history of DM.

All patients gave written informed consent to participate.

FPG test
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Fig. 1. The study included 91 patients, who were then distributed into 3 groups depending on their blood sugar levels. Patients with FPG > 7.0 mmol/L (measured in
two repeated tests) were diagnosed with type 2 DM and prescribed adequate treatment. Patients with FPG between 6.1 and 6.9 mmol/L underwent an oral glucose
tolerance test (OGTT). Patients with FPG between 5.6 and 6.0 mmol/L who were at risk for developing type 2 DM and metabolic syndrome also underwent OGGT.

FPG — fasting plasma glucose
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The following exclusion criteria were applied: type 2
DM; type 1 DM; an exacerbation of any chronic disease;
inflammation; a severe comorbidity; FPG < 5.6 mmol/L.

The patients were examined for the symptoms of metabolic
syndrome and assessed for the risk of developing type 2 DM.
According to IDF (2005), the main clinical manifestations of
MS in Caucasian patients include abdominal obesity (waist
circumference > 94 c¢cm in men and > 80 cm in women) and
two or more factors listed below [11]:

1) elevated triglycerides > 1.7 mmol/L or lipid-lowering
therapy in progress;

2) low HDL (< 1.03 mmol/L in men and < 1.29 mmol/L in
women) or lipid-lowering therapy in progress;

3) elevated blood pressure > 130/85 mmHg or antihypertensive
therapy in progress;

4) fasting blood sugar = 5.6 mmol/L or previously diagnosed
type 2 diabetes.

All patients with FPG falling in the range between 5.6 and
6.0, MS or at least one risk factor for type 2 DM underwent a
75-gram oral glucose tolerance test (OGTT). The schematic
representation of the study is provided in Fig. 1.

The obtained data were processed in Statistica ver 6.1
(StatSoft; Russia). Because the Kolmogorov-Smirnov normality
test revealed non-normal distribution, the nonparametric
Mann-Whitney U-test was applied.

RESULTS

Of 91 patients included in the analysis, 22 (24.2%) had
presented with complaints of fatigue, dry mouth, increased
thirst, frequent urination, itchy skin, weight gain, or unstable
blood pressure. Type 2 DM was confirmed in 22 patients
(4 men and 18 women) aged 34 to 69 years whose FPG was >
7.0 mmol/L in two repeated tests.

Thirty-five patients (38.4%) had FPG in the range from 5.6
to 6.0 mmol/L, metabolic syndrome and at least one risk factor
for developing type 2 DM. In 34 patients (37.3%), FPG ranged
from 6.1 to 6.9 mmol/L; 97.0% of such patients (or 33 out of
34) had symptoms of metabolic syndrome. An oral glucose
tolerance test was ordered for all those patients.

Carbohydrate metabolism disorders were observed in
64.8% (n = 59) of the patients with borderline fasting blood
sugar and at least one risk factor for type 2 DM; 34.0% (n = 31)
of those individuals had never been diagnosed with type 2
DM before, and 30.7% (n = 28) were prediabetic. Twenty-two
(24.1%) prediabetic patients had IGT.

All patients with new-onset type 2 DM (n = 31) had signs of
metabolic syndrome. In 9 patients, type 2 DM was diagnosed
based on OGTT.

Figure 3 shows the distribution of the patients depending
on the severity of carbohydrate metabolism disorders revealed
by OGTT in the group of 35 individuals with initial FPG between
5.6 and 6.0 mmol/L.

Figure 4 shows the distribution of the patients depending
on the severity of carbohydrate metabolism disorders revealed
by OGTT in the group of 34 patients with initial FPG between
6.1 and 6.9 mmol/L.

Clinical and demographic characteristics of the patients
grouped by the severity of carbohydrate metabolism disorders
(n = 91) are shown in Table 1.

OGTT conducted in 69 participants revealed that 13.0%
(9 patients) had type 2 DM, 31.8% (22 patients) had IGT, and
8.7% (6 patients) had IFG. Normal fasting blood sugar levels
were observed in 46.3% (32) of the participants (Table 2).
Interestingly, the frequency of IFG cases was low.

Of 9 patients with new-onset type 2 DM, 3 had FPG between
5.6 and 6.0 mmol/L and 6 had FPG between 6.1 and 6.9 mmol/L.

The distribution of the patients depending on the severity of
carbohydrate metabolism disorders (OGTT) in the groups with
initial IFG levels ranging from 5.6 to 6.0 mmol/L (n = 35) and
from 6.1 to 6.9 mmol/L (n = 34) is shown in Table 2.

OGTT demonstrated that 2.8% of the participants from
the group with initial FPG between 5.6 and 6.0 mmol/L had
IFG; the frequencies of IGT and type 2 DM cases were 11.5%
and 4.3%, respectively. Thus, there were 14.4% prediabetic
patients in the studied cohort.

Glucose tolerance was significantly less prevalent in the
patients with FPG ranging from 6.1 to 6.9 mmol/L.

Most patients were over 45 years of age. This was true
for 100% of the patients in the IFG and IGT groups and for
84.3% and 90.3% of the patients in the groups with normal
carbohydrate metabolism and new-onset type 2 DM,
respectively. All groups were dominated by overweight or obese
patients. All patients had increased waist circumference. No
significant differences were observed in the number of patients
with a family history of type 2 DM (Table 1).

The number of patients with elevated blood pressure was
significantly higher in the group with normal carbohydrate
metabolism and prediabetes in comparison with the group with
new-onset type 2 DM (p < 0.05).

No significant differences were detected between the
groups in terms of lipid counts, chronic pancreatitis or the
history of cardiovascular diseases (p > 0.05).

It should be noted that there were more patients with a
history of elevated glucose levels in the group with new-onset
DM (p > 0.05). Of 8 patients, only 2 had had their carbohydrate
metabolism disorder and impaired glucose tolerance verified.
Those patients had been receiving metformin for no longer
than one year before the study and terminated the drug without
consulting their physician. No diagnostic tests had been
previously performed in the rest of the patients to assess their
metabolic status.

Among 4 patients with IGT who had been diagnosed with
elevated blood sugar between 2013 and 2018, one woman
had been taking metformin for 6 years continuously (500 mg
per day). This allowed her to stay at the prediabetic stage

OGGT results (n = 69)
[ } |

n=232 n=9 n==6 n=22

Fig. 2. The overall distribution of the patients depending on the severity of carbohydrate metabolism disorders revealed by OGTT. IFG — impaired fasting glucose;

IGT — impaired glucose tolerance; OGTT — oral glucose tolerance test
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without progressing to diabetes. No patients from our cohort
had been recommended to undergo a 75-gram oral glucose
tolerance test before.

Two patients with IFG had been diagnosed with elevated
blood sugar (up to 6.5 mmol/L) within a year preceding this
study, but had chosen not to consult an endocrinologist. The
oral glucose tolerance test was conducted when those patients
presented at the day-care unit with unstable blood pressure.

All patients with carbohydrate metabolism disorder were
examined by an endocrinologist. The patients with new-onset
type 2 DM were prescribed glucose-lowering therapy.

The patients with IFG and IGT were prescribed metformin
at a starting dose of 500 mg before bed to prevent type 2 DM
and given recommendation on maintaining blood sugar levels.
The patients with normal blood sugar were recommended to
undergo a control test in a year and to consult an endocrinologist
if their glucose levels should rise.

The patients with normal glucose tolerance were given
dietary and weight loss recommendations. They were also
recommended an antihypertensive therapy and statins for
treating dyslipidemia.

Summing up, OGTT should be ordered for the patients with
FPG in the range between 5.6 and 6.0 mmol/L who are at risk
for developing DM and/or metabolic syndrome.

Table 1. Clinical and demographic characteristics of patients
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DISCUSSION

The incidence of type 2 DM in 91 study participants who had
borderline fasting glucose levels and at least one risk factor for
this condition was 34.0% (n = 31). IFG was diagnosed in 6.5%
(n = 6) of patients and IGT, in 24.1% patients (n = 22). Thirty-
two participants (35.1%) had normal glucose tolerance.

According to the NATION study, about 21 million Russian
residents aged 20 to 79 years are prediabetic; another
4.2 million do not know they have type 2 DM [3]. In this study,
a glycated hemoglobin test was used as a diagnostic criterium.
This approach is an alternative to [12]; it has its advantages
(higher specificity for type 2 DM) and drawbacks (lower
specificity for prediabetic conditions) [13, 14].

Because at least 50% of patients with type 2 DM do not
know they have it, we could be facing a situation when the
criteria for patient eligibility for DM screening are not sufficiently
sensitive. Depending on the country, different criteria are
applied to identify groups at risk for type 2 DM. The Canadian
Diabetes Association highlights the necessity of conducting
screening for type 2 DM in all patients older than 40 regardless
of the presence of specific risk factors [15]. The criteria
proposed by the American Diabetes Association (ADA) include
age over 45 years (regardless of the risk factors present) or

Parameters Norm IFG IGT Type 2 DM
(n=232) (n=26) (n=22) (n=231)
Men 10 (31.2%) 3 (50.0%) 5 (22.7%) 6 (19.3%)
Women 22 (68.7%) 3 (50.0%) 17 (77.2%) 25 (80.6%)
Age > 45 years 27 (84.3%) 6 (100%) 22 (100%) 28 (90.3%)
Family history of type 2 DM 2 (6.2%) 1 (16.6%) 6 (27.2%) 7 (22.5%)
BMI = 25 30 (93.7%) 6 (100%) 21 (95.4%) 31 (100%)
WC > 80 cm (women) 22 (100%) 3 (100%) 17 (100%) 25 (100%)
WC > 94 cm (men) 10 (100%) 3 (100%) 5 (100%) 6 (100%)
Hypertension 32 (100%)* 6 (100%) 22 (100%)* 25 (80.6%)
Hypercholesterolemia 21 (65.6%) 6 (100%) 15 (68.1%) 18 (58.0%)
Chronic pancreatitis 3(9.3%) 1(16.6%) 3(13.6%) 5(16.1%)
Cardiovascular diseases 9 (28.1%) 2 (33.3%) 4 (18.1%) 8 (25.8%)
AMI 3(9.3%) 1(16.6%) 2 (9.0%) 3(9.6%)
ACE 3(9.3%) 0 (0%) 1(4.5%) 0 (0%)
TIA 1 (3.1%) 0 (0%) 0 (0%) 2 (6.4%)
Peripheral artery disease 2 (6.2%) 1(16.6%) 1 (4.5%) 3(9.6%)
History of hyperglycemia 3(9.3%) 2 (33.3%) 4 (18.1%) 8 (25.8%)

Note: *— differences are significant, p < 0.05; BMI — body mass index; IFG — impaired fasting glucose; IGT— impaired glucose tolerance;

AMI — acute myocardial

infarction; ACE — acute cerebrovascular event; WC — waist circumference; OGTT— oral glucose tolerance test; DM — diabetes mellitus; TIA — transient ischemic

attack.

Table 2. The distribution of the patients depending on the severity of carbohydrate metabolism disorders (OGTT)

Carbohydrate metabolism n=% X2/ @ 1%
FPG 5.6-6.0 FPG 6.1-6.9
Normal 22 (31.8%) 10 (14.4%) 6.5 0.011*
IFG 2 (2.8%) 4 (5.7%) 0.43 >0.05
IGT 8 (11.5%) 14 (20.2%) 1.9 0.17
DM 3 (4.3%) 6 (8.6%) 0.3 >0.05

Note: *— differences are significant, p < 0.05; FPG — fasting plasma glucose; IFG — impaired fasting glucose; IGT— impaired glucose tolerance; OGTT— oral glucose
tolerance test; DM — diabetes mellitus. In the subgroup of patients with FPG levels ranging from 5.6 to 6.0 mmol/L, there were 2.8% cases of IFG, 11.5% cases of
IGT and 4.3% cases of type 2 DM (based on OGTT results). Thus, the frequency of prediabetic conditions in the subgroup was 14.4%. The frequency of IGT was
significantly lower in the subgroup with FPG between 6.1 and 6.9 mmpl/L.
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Fig. 3. The distribution of the patients depending on the severity of carbohydrate metabolism disorders revealed by OGTT in the group of 35 individuals with initial FPG
between 5.6 and 6.0 mmol/L. IFG — impaired fasting glucose; IGT — impaired glucose tolerance; OGTT — oral glucose tolerance test

Fasting glucose levels (6.1-6.9 mmol/L)
n=34

75-gram oral glucose tolerance test

—

Type 2 DM
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Fig. 4. The distribution of the patients depending on the severity of carbohydrate metabolism disorders revealed by OGTT in the group of 34 individuals with initial FPG
between 6.1 and 6.9 mmol/L. IFG — impaired fasting glucose; IGT — impaired glucose tolerance; OGTT — oral glucose tolerance test

age younger than 45 years + the presence of the risk factors
[16]. European clinical guidelines suggest using a questionnaire
to assess the risk for type 2 DM and then conduct screening
in the populations at moderate and high risk for the disease
[17]. Such differences in the criteria for patient eligibility have
economic and epidemiological causes.

Our study has demonstrated the need for covering broader
populations in the groups at risk for type 2 DM. We have
provided a rationale for performing a 75-gram oral glucose
tolerance test in all individuals with FPG between 5.6 and 6.0
mmol/L who have at least one risk factor for type 2 DM and/
or metabolic syndrome. In our study, DM was diagnosed in
4.3% of such patients; another 14.4% were prediabetic. Early
diagnosis of carbohydrate metabolism disorders and timely
medication therapy would help to prevent development of
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