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REVIEW | MEDICAL MICROBIOLOGY

CELL SURFACE AMYLOID PROTEINS OF MICROORGANISMS:
STRUCTURE, PROPERTIES AND SIGNIFICANCE IN MEDICINE

Rekstina VW', Gorkovskii AA2, Bezsonov EE?, Kalebina TS'=

"Faculty of Biology, Department of Molecular Biology,
Lomonosov Moscow State University, Moscow, Russia

2 Laboratory of Biochemistry and Genetics,
National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, Maryland, USA

This review summarizes data which describe properties of microbial cell surface amyloids proteins. Definitions of amyloids
and microbial functional amyloids are given. The review provides numerous examples of research in which the presence of
amyloid-like properties in microbial cell surface proteins is demonstrated convincingly. Studies of the important role of pili, curli,
tafi and some other bacterial fibrillar proteins in host colonization are reviewed. Data on amyloid proteins of yeast cell surface,
their properties and potential association with candidiasis development are summarized. This review also appeals to experts
in biology and medicine in an attempt to draw their attention to the issue which is increasingly discussed in scientific work
at present, namely to a possible role of bacterial extracellular matrix amyloids and amyloid proteins of eukaryotic microorganism
surface, yeast in the first place, in the development of amyloidosis in animals and humans.

Keywords: microbial cell surface, microbial amyloid, functional amyloid, pili, curli, tafi, phenol soluble modulin, adhesin,
class | hydrophobin, amyloidosis
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AMUAOUAHDBIE BEAKU NOBEPXHOCTU MUKPOOPTAHU3MOB:
CTPYKTYPA, CBOUCTBA U 3BHAYEHUE AAS1 MEAULLUHDI

B. B. PekcTuHa', A. A. TopkoBckuiA?, E. E. BeacoHos?, T. C. KanebuHa'™

"Kadhenpa MonekynspHol 61onormmn, Grnonorm4eckimin axynsTer,
MOCKOBCKMIN roCynapCTBEHHbIN yHUBEpCUTET UMeHn M. B. JlomoHocosa, Mockea

2 [TabopaTopust BUOXMMUM 1 FEHETVIKM,
HaumoHanbHbIM MHCTUTYT AnabeTa, 3abonesaHnin XKKT 1 novek, HaumoHanbHbIN MHCTUTYT 300p0oBbs, betecaa, Mapunena, CLLUA

B 0630pe cymmmnpoBaHbl faHHbIe, MOCBSILLEHHbIE OMMCaHMIO CBOMNCTB aMUIoNOHbIX 6EIKOB MOBEPXHOCTU KNETOK MUKPOOP-
raHn3moB. OnpeaeneHbl MOHATUST «aMmuiona» U «YHKUMOHaABbHBI aMUaAond» MUKPOOPraHM3MOoB. [prBeagHbl MHOMO4MC-
JIEHHbIE MPUMEPbI CCNEA0BaHWN, B KOTOPbIX YOEAUTENBHO MOKa3aHO Hanyme aMUIOVAHbIX CBONCTB Yy BENKOB KIETOYHOW
MOBEPXHOCTU MUKPOOPIraHM3MOB. PacCMOTpeHbl paboThbl, AEMOHCTRUPYIOLLUME BaXKHYIO POSb MUNEN, Kypner, Tadu 1 HEKO-
TOPbIX APYrMX PUOPUNSPHBLIX 6ENKOB BaKTepUin B KONOHM3aLMM opraHmama xo3suHa. OBo6LLEeHb! AaHHble 00 aMUIOUAHBIX
Benkax MOBEPXHOCTU KNETOK APOXOKEN, X CBONCTBAX Y BO3MOXKHOW POV B pa3BUTUM kaHamao3oB. O630p Takke npr3saH
npvBAeYb BHIMaHE CNeunanMcToB B 061acTh MeaULIMHBI U B1ONorMm Ko Bce 6ornee akTMBHO 0BCy»KaaeMoMy B IMTepaType
BOMPOCY O BOSMOXXHOM Yy4aCTUM aMUNOVA0B BHEKIIETOYHOIO MaTpuKca BakTepui, a Takke aMmmnonaHbIX 6enKoB MOBEPXHO-
CTU 3YyKapUOTUHECKNX MUKPOOPIraHN3MOB, B MEPBYIO O4EPEdb APOXOKEN, B PA3BUTUN aMUIONA030B XUBOTHbIX 1 YenoBeka.

Knto4yeBble cnoBa: KiieTo4Hast MOBEPXHOCTb MUKPOOPIraHN3MOB, aMin1ong MNKPOOPIraHN3MOB, beHKLI,I/IOHaJ'IbeIVI amMunonag,
nunn, Kypnu, Tadu, peHon-pacTBOpPUMbIA MOOYH, aaresuH, rmapodobuH knacca |, ammnonnos

durHaHcupoBaHue: paboTa BbinonHeHa Npy nogaepxke Poccuinckoro horaa hyHaameHTanbHbIx nccnegosanni (rpaHT Ne 14-04-01187 A).

><] Ons koppecnoHaeHumm: TatbaHa CepreesHa KanebuHa
119899, . Mockea, JleHuHckue ropel, 4. 1, cTp. 12; kalebina@genebee.msu.ru

Cratbsl nonyyeHa: 30.09.2015 CtaTbsi NnpuHaTa B nevatb: 07.10.2015

The human microbiome is composed of an average of 10" in higher animals and humans, tuberculosis and Alzheimer’s
microbial cells [1], many of which have amyloid proteins on their  disease [2-6].

surfaces. Some recent studies have lead us to hypothesize that From a medical perspective, the analysis and deep
the presence of those amyloids can contribute to the onsetand  understanding of processes and molecular mechanisms
development of many diseases such as systemic amyloidoses  underlying the assembly of amyloid structures in pro- and
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eukaryote microorganisms offer broad opportunities. In
the first place, the above-said refers to the elaboration of
protection strategies against the negative impact of amyloids
on humans and animals. It is important to understand how to
most effectively prevent the formation of bacterial biofiims by
pathogenic microorganisms or destroy those already formed,
and to mitigate the effect of amyloid formation in animals and
humans caused by exposure to microbial amyloids.

Amyloids are protein fibrils  with  cross-p-structure.
Composed of monomers, they are B-sheets in which parallel
or antiparallel B-strands run perpendicular to the fiber axis. The
distance between the neighboring strands inside a p-sheet is
0.47 nm; the one between the neighboring p-sheets is 0.8 to
1.2 nm [7, 8]. Hydrogen bonding between peptide backbones
of neighboring strands has an important role in stabilizing the
structure of amyloid fibrils. Interactions between lateral groups
of amino acid residues of neighboring polypeptides, such as
hydrogen bonding, ionic and hydrophobic interactions, and
stacking interactions, also contribute to the stabilization of the
amyloid structure. High resistance to the fluctuations of such
environmental parameters as hydrophobicity, salt concentration,
pH, temperature, pressure, exposure to denaturing agents and
proteinases is characteristic of amyloids, which is determined
by a large number of interactions involved in stabilizing their
structure [2, 9-12].

Because amyloids cause many widely spread incurable
diseases (the amyloidoses), they have long been actively
explored in humans and animals. Pili (from Latin pilus — a
hair) were described in the middle of the 20th century in gram-
negative and gram-positive bacteria [13]. However, it has
been discovered recently that many structures on microbial
surfaces are amyloid fibrils. By now, curli (from English a curl)
or tafi (thin aggregative fimbriae) have been described in such
bacteria genera as Escherichia, Neisseria, Yersinia, Shigella and
Salmonella [2, 3, 10, 11, 14-17]. Pili have been described in
Streptococcus genus, specifically, in Streptococcus agalactiae,
Streptococcus pyogenes and Streptococcus pneumoniae, in
Mycobacterium tuberculosis and other gram-positive bacteria.
The assembly mechanisms of these structures and their role in
host colonization have been described in sufficient detail [13].

It is well known that amyloids, specifically the so-called
class | hydrophobins, are present on the surface of flamentous
fungi, such as Aspergillus fumigatus [18]. Amyloids are found
in microorganisms among structural molecules, adhesins
and toxins. Along with the structures mentioned above, a
growing list of already described amyloids includes phenol-
soluble modulins of Staphylococcus aureus [12, 19], adhesins
of Candida albicans [20, 21], and amyloids formed by TasA
protein in Bacillus subtilis [22—24].

In the course of study of microbial surface amyloid proteins,
the term “functional amyloids” was coined [25]; functional
amyloids are amyloid-forming proteins that are not associated
with pathologies in microorganisms and perform functions
useful for microbial cells. A number of published works have
demonstrated that the formation of functional amyloids
is possible not just in microorganisms; a supposition has
been made that they exist in all domains of the living world
and participate in various processes, from biofilm formation
in microbial communities to long-term memory regulation
in animals [7]. This review will look at some examples of
how amyloid proteins of microbial surfaces contribute to the
development of diseases in animals and humans, and present
some data characterizing the structure of these amyloids and
the conditions under which they are formed.

BULLETIN OF RSMU |1, 2016 | VESTNIKRGMU.RU

Amyloids participating in the formation of bacterial

extracellular matrix

Curli and tafi are the main protein components necessary
for the extracellular matrix formation. They are present on
the surface of many gram-negative bacteria, including a
number of strains of Escherichia coli, Salmonella spp. and
other Enterobacteriaceae [10, 11, 14-17]. E. coli curli bind
to many human proteins, including fibronectin, laminin, type |
collagen, major histocompatibility complex class | molecules,
plasminogen and some others [26-29], and contribute to
pathogenesis facilitating further microbial invasion of the
host. [14, 30-32]. Curli are fibrillar structures attached to the
bacterial outer membrane at one end. They can be up to several
micrometers long and 3 to 4 nm wide. Curli tend to aggregate
laterally by forming clusters up to 60 nm in diameter [33]. Curli
fibrils are highly resistant to denaturing agents and proteinases
but can be depolymerized after the short-term treatment with
concentrated formic acid [10, 11, 34]. The data from circular
dichroism spectroscopy indicate that the secondary structure
of curlifibrils is rich in B-sheets [11]; curli fibrils also interact with
amyloid-specific dyes, namely, congo red (CR) and thioflavin T
(TT) [11, 27]. This information makes it possible to classify curli
as amyloid fibrils [11].

Curli are necessary for bacterial biofilm formation and are
the major protein component of the extracellular matrix formed
along [33, 35]. It has been shown that curli genes are best
expressed at temperatures below 30 °C, low concentration of
nutrients, low osmolality and at the stationary growth phase, i.e.
under the conditions that E. coli and other Enterobacteriaceae
encounter outside the host. Under such conditions biofilm
formation can contribute to bacteria survival [33]. Curli mediate
the attachment of bacteria to various surfaces, including plant
cells [36, 37], stainless steel [38], glass and plastic [33], and can
considerably enhance microbial cell resistance to chlorine [38]
and mercuric compounds [39].

Curli assembly is a process strictly regulated by the
cell [14, 4Q]; it involves proteins encoded by at least two
operons: csgABC and ¢sgDEFG in E. coli [41]. Curli consist of
two homologous proteins, namely, CsgA and CsgB, the main
structural component of fibrils being CsgA protein [27]. Purified
CsgA forms amyloid fibrils in vitro in the absence of other
proteins. However, their B-strands are arranged into B-spirals
instead of B-sheets. In vivo the presence of CsgB is necessary
for CsgA amyloid fibril assembly [11, 27, 42]. CsgA secreted by
a csgB deletion mutant of E.coli can polymerize on the surface
of CsgB producing cells [11, 14, 27]. This phenomenon is called
interbacterial complementation and is widely used in mutation
studies aimed at detecting protein genes participating in curli
formation [11, 43]. Interbacterial complementation proves that
CsgB is a nucleating agent for CsgA polymerization [11].

The majority of CsgBs are localized on the bacterial surface,
which indicates that the supposition of CsgB nucleating
function is accurate [44]. CsgF provides the proper folding
and localization of CsgB nucleator protein and is probably a
chaperon-like protein [43]. CsgE periplasmatic protein is likely
to participate in CsgA secretion and inhibit CsgA polymerization
in vitro [45] due to the unmediated interaction between CsgE
and CsgA molecules [46]. Thus, CsgE can be seen as a CsgA-
specific chaperon. The evolving concept of the nucleation
properties exhibited by microbial cell surface proteins in the
course of amyloid formation allowed some authors to consider
microbial-derived amyloid proteins as a real risk factor for
amyloidoses and Alzheimer’s disease development [47].



The majority of experiments on curli biogenesis and
functions were carried out on E.coli and Salmonella spp. Curli
homologues were discovered among the representatives of
Bacteroidetes, Firmicutes and Thermodesulfobacteria genera
by bioinformatic analysis [48]. CsgEFG operons were found
in the majority of the bacteria mentioned above with potential
CsgA and CsgB homologues, while CsgC and CsgD proteins
were often absent. In spite of the fact that many bioinformatic
assays are awaiting the experimental confirmation, there are
grounds to suppose that structures similar to curli can be more
widely spread in biofilm-forming bacteria than it was thought
before [49].

Adhesin P1 located on the cell surface of Streptococcus
mutans that causes dental caries is an amyloid protein
[60]. This adhesin induced a shift in the CR dye absorption
spectrum, green birefringence in the CR stained sample and
a specific TT fluorescence. Using microscopic methods, fibrils
were detected in the sample of this adhesin; this, coupled
with spectrophotometric assay results, confirmed its amyloid
nature [50]. The obtained data indicate that P1 is not the only
protein of S. mutans cell surface capable of forming amyloids,
because the colonies of the bacteria deprived of this adhesin
still induced green birefringence after CR staining [50].

Mycobacterium tuberculosis pili are another example
of how amyloids of microbial extracellular matrix can
possibly contribute to pathology. This microorganism
causes tuberculosis that leads to 3 million deaths every year
worldwide [2]. Pili on gram-positive M. tuberculosis surfaces
are not soluble in the chloroform/methanol mix (2:1) and in
the sodium dodecyl sulfate-containing buffer (SDS); they
also interact with amyloid-specific CR dye, which suggests
their amyloid nature [2]. Pilus protein deletion mutants of M.
tuberculosis exhibited reduced virulence [2]. The researchers
explain that pili are capable of binding to laminin, the extracellular
matrix protein, thus contributing to the firm adhesion of a
microorganism to host tissues. Thus, M.tuberculosis uses
these amyloid proteins to successfully colonize the host [2]. In
the serum of patients with tuberculosis, high titers of antibodies
interacting with M.tuberculosis pili are found. [2].

Other gram-negative microorganisms that can colonize
different human organs and tissues, such as coccCi
Staphylococcus aureus, cause various diseases, from minor
skin infections to bacteremia and sepsis. Many of these
diseases are associated with biofilm formation in the host [20].
Extracellular amyloid fibrils have been identified in S.aureus
biofilms. They consist of short peptides called phenol-soluble
modulins (PSM) [12].

S. aureus or S. epidermidis PSMs have many functions
[61-54]. It has been shown that in their fibrillar form PSMs
are necessary for S. aureus to provide biofim stability against
various dispersing (biofilm degrading) agents and physical
impact [12]. The authors of that work believe that the inhibition
of phenol-soluble modulins export is a promising research
area that can contribute to preventing diseases induced by
pathogenic staphylococci. The search for minor molecules —
amyloid polymerization inhibitors — is one of the ways that can
lead to the development of drugs for staphylococci elimination
on the stage of biofilm formation [49].

Bacillus subtilis pili are an important component of biofilm
extracellular matrix formed by the bacteria on hard surfaces
and at water—air interface [55]. This microorganism is not
pathogenic, however, it is widely spread and can be found in sail,
air, water and food. The main protein subunit of B. subtilis pili
is TasA protein [22, 56]. Fibrils formed by TasA in vitro are very
similar to B. subtilis pili morphologically [22]; at the same time
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they interact with amyloid-specific dyes such as CR and TT, are
rich in B-sheets, as suggested by CD-spectroscopy, and can
be depolymerized only after the incubation in the presence of
formic acid [22]. It should be noted that TasA was first identified
as a secreted protein and a protein of B. subtilis spore surfaces
with distinct antibacterial properties [57, 58]. Antibodies used
in the diagnosis of neurodegenerative diseases recognize both
metastable intermediates generated in the course of amyloid
fibril formation and TasA oligomers, which suggests a possible
structural similarity of these two oligomer types [22, 59, 60].
Antibodies used in the diagnosis of neurodegenerative
diseases in humans recognize TasA oligomers [22, 59, 60],
which suggests their immunological similarity.

Amyloids forming amphypathic membranes on microbial
cell surfaces

Hyphae, spores and fruiting bodies of many fungi are
covered with amphypathic (i.e., having both hydrophilic
and hydrophobic areas) rodlet layers that form a mosaic of
parallel fibrils 5 to 12 nm wide [18]. Those amphypathic layers
do not dissolve when boiled in the presence of 2 % SDS
and 1 M NaOH, and dissociate into monomers only when
treated with formic or trifluoroacetic acids [9]. The main and
probably the only component of fungal rodlet layers is class |
hydrophobins [61, 62]. The polymerization of hydrophobins is
most effective at interfaces with high surface tension, such as
liquid-air interface; agents reducing surface tension also reduce
the rate of hydrophobin polymerization in vitro [63].

Hydrophobins are a large family of low molecular weight
proteins (7-9 kDa) found in fungi [61]. This family got its name
due to being rich in hydrophobic amino acid residues [9].
Hydrophobin encoding genes are present in many fungi. Class
| hydrophobins are typical functional amyloids because they
have a role in spore and fruiting body formation; they are also
important for adhesion to the host cell surface and protection
against the host immune system [18, 64]. Thus, in the
infection caused by filamentous fungi Arthroderma benhamiae
(dermatophytes, i.e., surface mycosis pathogens in humans
and animals), hydrophobin HypA has a masking function and
protects the microorganism from the host immune system.
Deletion of the hydrophobin gene leads to a rapid wetting
of fungal filaments and conidia, which induces increased
activation of granulocytes, neutrophils and dendritic cells and
is accompanied by elevated titers of interleukins IL-6, -8, -10
and tumor necrosis factor TNF-a [65]. RodA hydrophobin, a
component of the rodlet layer that covers pathogen spores,
contributes to the development of the infection induced
by another filament fungus Aspergillus fumigatus that can
lead to invasive aspergillosis. In the experiments on animals
the spores of the mutant strain with deleted RodA or AlagA
mutant containing 60 % less hydrophobins, were susceptible
to macrophage phagocytosis [66].

Amyloids as a part of yeast cell walls: adhesins and
glucantranspherase Bgl2p

The development of systemic amyloidosis in mice injected with
Candida sp. lyophilized cells is well known, but is not widely
discussed [67]. The authors of that article emphasized that
amyloid depositions could occur in experimental animals as
a response to casein, albumin, bacteria or E. coli endotoxin
administration [68-71]; but after the injections had been
cancelled, amyloid depositions started to reduce gradually or
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disappeared. [72, 73]. Laboratory mice injected with Candida sp.
lyophilized cells died of systemic amyloidosis within 400 days
after the last injection [67]. Separate experiments showed that
injecting mice with Candida sp. intracellular matter did not
cause amyloidosis. The authors concluded that amyloidosis
development was stimulated by cell walls components [67].

Bioinformatic analysis of Saccharomyces cerevisiae
yeast proteome detected the abundance of amyloidogenic
proteins in cell walls [74]. Als proteins (from agglutinin-like
sequence) are the example of well described proteins of
yeast cell surfaces with amyloid properties [20, 21, 75]. In
Candida albicans genome eight ALS genes were detected,
each of them encoding the protein that consists of a signal
sequence necessary for the protein secretion, three tandem
immunoglobulin (Ig)-like domains, a T-domain rich in threonine,
a various humber of 36-amino-acid-long glycosylated tandem
repeats (TR), a highly glycosylated stem domain and a signal
sequence of glycosylphosphatidylinositol anchor attachment
protein that ensures protein covalent attachment to the cell
wall glucan [76]. Ig-like domain ensures binding to a substrate;
T-domain is necessary for proper folding of Ig-like domain and
secretion TR increases affinity of Ig-like region to ligands and
can promote yeast aggregation independent of Ig-like region.
Due to the presence of stem domain, active regions are at a
considerable distance from the stem wall [76].

In spite of the intense glycosylation, Als family proteins are
low soluble and form amyloid fibrils even at low concentrations
when purified [20]. The conformation of N-terminal regions
of Als1p (Ig-fragment) and Als5p (Ig-T-fragment) proteins in a
solution has been studied [76]. The obtained data indicated
that in both cases B-sheets were prevailing elements of a
secondary structure of the polypeptide of interest [76]. It was
also shown that Als5p, Als1p and Als3p had a highly conserved
potentially amyloidogenic region (PAR) in T-domain [20].

Interestingly, PARs were detected in amino acid
sequencies of both Als proteins and yeast adhesins of different
families [75]. Peptides containing those PARs formed fibrils
that interacted with amyloid-specific dyes, and according to
the CD-spectroscopy assay had a secondary structure rich in
B-sheets [75]. Amyloid formation is likely to be a very common
phenomenon [75].

The opportunistic yeast pathogen C. albicans forms biofilms
facilitating colonization of host tissues and making C. albicans
cells extremely resistant to antimicrobial treatment [77, 78].
An important role in the pathogenesis and biofilm formation
is played by Als-adhesins described above, along with many
other adhesins produced by C. albicans [78, 79]. Some Als-

A

adhesins form amyloid structures [20, 21, 75], which probably
contributes to C. albicans cell autoaggregation and C. albicans
interaction with extracellular matrix proteins (fibronectin, laminin,
type IV collagen) and other mammalian peptide ligands, cells
of other yeast species and bacterial cells [76, 78]. The ability
of Candida sp. to attach to the mucosal surfaces of different
organs and to synthetic materials surfaces by means of surface
adhesins is an important factor in the pathogenicity of these
fungi that contributes to the development of the infection. This
property is most conspicuous of C. albicans yeast [80, 81].

Glucantransferase Bgl2p is another protein of yeast cell
wall (CW) exhibiting amyloid properties. It is a small (31.5-
34 kDa depending on the yeast species) conserved major
noncovalently bound protein. Its presence in the CW has
been detected in many yeast species, such as S. cerevisiae,
C. albicans, A. fumigatus [82-84]. Bgl2p of S. cerevisiae is
highly homologous to Bgl2p of C. albicans. Antibodies against
S. cerevisiae Bgl2p react with C. albicans Bgl2p [82, 85]. Bgl2p
of the CW is resistant to trypsin and proteinase K and cannot be
extracted from it when treated with 1% SDS solution in water at
37 °C, in contrast to other noncovalently bound polysaccharide
backbone proteins of the CW [86].

Bgl2p extracted from S. cerevisiae CW can form structures
with fibrillar morphology [86, 87] clearly seen in microscopic
assays (see the figure below). Bgl2p protein extracted from
the CW induced specific fluorescence of TT and exhibited a
circular dichroism spectrum characteristic of a protein rich in
B-structure [86, 88], which also indicated the amyloid nature of
the structures formed by Bgl2p. The ability of Bgl2p to fibrilize at
different pH values was also studied using isolated proteins and
synthetic peptides with potential amyloidogenic determinants
predicted in the Bgl2p sequence by a bioinformatic assay
[87]. It was shown that Bgl2p extracted from the cell wall
formed fibrils at neutral and mildly acidic pH values, while in
mildly alkaline media it lost its ability to form amyloid fibrils
[87]. The mechanism of Bgl2p formation in the cell wall and
its physiological role in the functioning of yeast are yet to be
discerned [89].

Presumably, Bgl2p has a crucial role in pathogenic yeast
virulence, since BGL2 gene deletion reduces the infecting
ability of those microorganisms [82]. Jang et al. found that
C. albicans Bgl2p also functions as an adhesin and ensures
cell attachment to the immobilized saliva components [85].
It was shown that antibodies to C. albicans Bgl2p are a
diagnostic biomarker of systemic candidiasis, and their high
levels correlate with the reduced death probability, which may
be related to the protective function of these antibodies [90].

Photomicrograph of glucantransferase Bgl2p samples extracted from Saccharomyces cerevisiae yeast cells. (A) — electronic microscopy. Negative staining[86]. (B) —

fluorescent microscopy. Staining with antibodies against Bgl2p [87]
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CONCLUSIONS

When describing amyloid proteins of microbial surfaces, we did
not review the articles dedicated to such amyloids as chaplins,
microcins and harpins, because their role in human and animal
pathogenesis has not yet been identified or studied. Still, the
studies of the amyloid structures and formation mechanisms,
which are actively carried out in a number of big research
centers and laboratories in Russia and abroad, hold promise
for important discoveries in this field. We think it necessary
to pay close attention to the analysis of a possible role of
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NEURODEGENERATIVE CHANGES INDUCED BY INJECTION OF 3-AMYLOID
PEPTIDE FRAGMENT (25-35) IN HIPPOCAMPUS ARE ASSOCIATED
WITH NGF-SIGNALLING ACTIVATION

Stepanichev MYu 2, lvanov AD, Lazareva NA, Moiseeva YuV, Gulyaeva NV

Functional Biochemistry of Nervous System Laboratory,
Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences, Moscow, Russia

B-amyloid peptide (AB) is an important component of the neurodegeneration mechanism in Alzheimer’s disease. This work
investigates the effect of intrahippocampal injection of AB(25-35) fragment on nerve growth factor (NGF) signalling. Aggregated
AB(25-35) was injected into rat dorsal hippocampus. Rats in the control group received injections of the peptide with an inverted
amino acid sequence and a solvent. It was shown that AB(25-35) induces neuron death in rat hippocampus. Neurodegeneration
was accompanied by a statistically significant increase (p <0.05) in p75NTR neurotrophin receptor expression in all animals who
had received exogenous peptides, and by an increased level of NGF in the hippocampus of those rats who had been injected
with AB(25-35). The study results demonstrate that changes in the hippocampus induced by Ap(25-35) are accompanied
by increased NGF signalling, which, to some extent, supports the current clinical data obtained from patients with Alzheimer’s.
The changes mentioned above are compensatory. However, both damage reparation and further degenerative processes can
be the ultimate outcome.
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HEAPOAErEHEPATUBHbIE USMEHEHMUS!, BbI3BAHHbIE BBEAEHVEM
®PAIrMEHTA (25-35) B-AMUAOUAHOrO NENTUAA B TMINNOKAMI,
CBA3AHbI C AKTUBALIUEU NGF-CUTHAAUHTA

M. O. Ctenanndes™, A. [1. VisaHoB, H. A. lazapesa, HO. B. Mowuceesa, H. B. ynsesa

JabopaTopust hyHKLMOHANBHON OUMOXMMNM HEPBHOW CUCTEMBI,
VIHCTUTYT BbICLLEN HEPBHOW AEATENBHOCTU W Hempoduamnonorin PAH, Mockea

B mMexaHusme HempopereHepaLm npy 60ne3Hn AnbLrenmepa BaxXHYO Pob urpaeT B-amunovgnsii nentug (Ap). B pabote
NCCNefoBav BAVSIHWE UHTPArMnnoKamnasibHON MHbekumn hparmeHta AB(25-35) Ha cructemy curHanmHra gakropa pocta
HepBoB (NGF). Kpbicam BBOAMAM arpervpoBanHbin AB(25-35) B 06nacTb A4Op3ansHOro rmnnokamna. KOHTPOIbHOM rpyn-
ne NPOBOAMAN UHBEKLUMM MenTnaa ¢ 0b6paTtHON aMUHOKWCIOTHOW MOCNenoBaTENbHOCTLIO U pacTBopuTens. NokasaHo, 4To
AB(25-35) BbI3biBan rnbenb HEMPOHOB B rMNMokKammne KpbIC. HenpoaereHepaTtBHble MPOLLECChI COMPOBOXAAMCh AOCTOBEP-
HbiM (p <0,05) yBenuyeHvem akcnpeccun peLentopa HermpoTponHoB P75NTR y BCeX XKMBOTHbLIX, MOMyHaBLUNX 3K30reHHble
nenTuapl, 1 nosbileHem ypoBHa NGF B runnokamne TONMbKO TeX KPbIC, KOTOPbIM Aenanv nHbekumo AB(25-35). Peaynb-
TaTbl UCCNEQOBaHNA AEMOHCTPUPYHOT, YTO BbI3BaHHble AB(25-35) n3MeHeHNs B rmnnokamne COnPOBOXOAIOTCA YCUIIEHVEM
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One ofthe key components of Alzheimer’s disease pathogenesis
is a B-amyloid peptide (Ap). It consists of 40 to 42 amino acids
and is an intramembrane fragment of a large transmembrane
protein precursor. AB is a product of its precursor proteolytic
processing in the amyloidogenic pathway. Though the ultimate
role of AB is still unclear, its accumulation in patient’s brain in the
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form of soluble aggregates and insoluble deposits is the most
important marker of Alzheimer’s disease. Because AB exhibits
toxicity to neurons, intracerebral injections of this peptide in
animals can help to model some aspects of a complicated
pattern of Alzheimer’s disease. Toxicity is characteristic of both
a full-length AB peptide and some of its shortened fragments,



in particular AB(25-35) undecapeptide that is often seen as a
functional domain of Ap and is responsible for its aggregating
properties [1, 2].

AB(25-35) neurotoxicity following its injection into the
hippocampus was demonstrated by D. R. Rush et al [3].
AB(25-35) injection induced the adjacent tissue loss and
neuronal degeneration [3]. However, other authors [4] found no
neurotoxic effect of AB(25-35) following its administration into
the ventral pallidum and substantia innominata . They observed
the formation of cavities containing protein aggregates that
were positively stained with congo red. Aggregated Ap(25-35)
caused more conspicuous damage of the CA1 pyramidal layer
in the hippocampus compared to the peptide synthesized from
the same amino acids in the reversed sequence, AB(35-25) [5—
8]. Degenerating neurons were also detected in the temporal
cortex following the AB(25-35) injection into the nucleus
basalis magnocellularis of rats [9]. It is important to note that
undecapeptide injection into some brain structures can induce
transsynaptic cytoskeletal damage and astroglial activation
that are observed in the actual injection area and also spread
to more distant brain areas. Such changes were detected in
the hippocampus following the AB(25-35) injection into the
amygdala [10]. Our previous work showed that Ap(25-35)
also induced the activation of astrocytes and microglia in the
hippocampus after being injected into this structure [8].

Neuroglial activation in the lesion is a controversial
phenomenon. On the one hand, being the actual components
of neuroinflammation, activated astrocytes and microgliocytes
contribute tothe degeneration. When triggered, the mechanisms
of neuroinflammation can lead to the dysfunction and death
of neurons, which exacerbates further inflammation. Thus, the
vicious circle is established in which neuroinflammation causes
neurodegeneration [11]. On the other hand, glial activation is a
distinct compensatory tissue response, with microglia actively
phagocyting a pathogen that caused tissue damage, e.g.,
injected AB or amyloid plaque components, and astrocytes
contributing to a better supply of neurons with substances
necessary for their repair, such as neutrophins.

One of the most important neutrophins of the mammalian
brain is a nerve growth factor (NGF). NGF is the main neutrophin
that ensures support and functioning of cholinergic neurons
in the brain of adult mammals [12, 13]. It is synthesized and
released into the extracellular medium by hippocampal and
neocortical cells, targets for cholinergic neurons of basal
nuclei. In turn, cholinergic neurons in the brain of young, adult
and senescing animals express a high affinity NGF receptor
(TrkA) and a low affinity NGF receptor (p75NTR) [14], which
demonstrates the dependence of the metabolism of those
cells on the levels of neutrophins in both the developing and
the mature brain. A signal cascade triggered by NGF becomes
particularly important in Alzheimer’s development. On early
stages of the disease (mild cognitive decline) NGF levels
are reduced [15], while later stages (severe dementia) are
associated with their increase [15, 16]. Considering a specific
role of AP at different stages of the disease, it is likely to be
involved in NGF metabolism regulation in Alzheimer’s.

The aim of this work was to study the changes in NGF
signaling system in the hippocampus of rats following the
administration of aggregated Ap(25-35).

METHODS

Experiments on animals were conducted in compliance with
the Directive of the European Parliament and of European
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Council, dated September 22, 2010, and the Order Ne 267
of the Ministry of Healthcare of the Russian Federation, dated
June 19, 2003, on the protection of animals used for scientific
experiments. The protocol of the experiment was approved by
the Ethics Committee of the Institute of Higher Nervous Activity
and Neurophysiology, RAS.

The study was carried out in male Wistar rats from
Stolbovaya breeding nursery of the Medical Center for
Biomedical Technologies, FMBA (Moscow oblast, Russia), with
weights ranging from 290 to 350 g. The rats were kept in plastic
cells in fives under vivarium housing conditions with 12h artificial
lighting (8:00 — 20:00) and free access to water and food.

The rats were anaesthetized by an intraperitoneal injection
of chloral hydrate (350 mg/kg). Aqueous solutions of AB(25-35),
a control peptide synthesized from the same amino acids in the
reversed sequence AB(35-25), and a vehicle (sterile water) were
administered bilaterally in the hippocampus at AP -3.8 mm;
L + 2.0 mm; DV +3.8 mm from bregma using Model 900
stereotaxic instrument (David Kopf Instruments, USA) [17].
The rats were injected with 3 nmol aggregated Ap(25-35) or
AB(35-25) (Bachem, Switzerland) in a total volume of 2 pL
(1.5 nmol/uL), the control group received the equal volume of
sterile water. Injections were performed at a rate of 1 ylL/min.
The needle was left in the injection site for 5 minutes for proper
substance distribution and for preventing its leakage. Peptide
aggregation was performed as described in [18].

7 days after the surgery the rats were decapitated, their
brains removed and washed in ice-cold 0.9 % NaCl solution;
hippocampus and cerebral cortex were isolated on ice. Those
brain structures were frozen and stored at -85 °C for analysis.
To measure the NGF level, the tissue was homogenized
at the ratio of 1:10 (mass/volume) in a buffer consisting of
100 mM Tris-HCL (pH 7.0), 2 % bovine serum albumin,
1 M NaCl, 4 mM Na2EDTA, 2 % Triton X-100, 0.1 % NaN3
and protease inhibitors, namely, 157 pg/mL benzamidine,
0.1 pg/mL pepstatin A and 17 pg/mL PMSF.

The total amount of NGF was measured using ChemiKine
Nerve Growth Factor Sandwich ELISA Kit, a reagents kit for
the enzyme-linked immunosorbent assay (Merck Millipore,
USA), according to the manufacturer’s guide. Measurements
were performed using Wallac VICTOR 1420 multitasking reader
(PerkinElmer, Finland). Protein concentration in the tissue was
measured using Coomassie Brilliant Blue G-250 dye. The NGF
content was presented in pg/mg protein.

For the histological and enzyme immunoassay, the
rats were re-anaesthetized with chloral hydrate (450 mg/
kg). Then the brains were fixed by intracardiac perfusion of
4 % paraformaldehyde solution in 0.1 M phosphate buffer
(pH 7.4) and stored in the same fixative for 24 hours. 50 pm
thick frontal sections were prepared using VT1200 S vibrating
microtome (Leica Biosystems, Germany) and stored at —20 °C
in a cryoprotectant. The sections were Nissl-stained with cresyl
violet (Merck, Germany). The expression of p75NTR receptor
was evaluated on free-floating sections by immunohystological
assay using polyclonal rabbit antibodies (Sigma-Aldrich, USA)
and diluted 1:100. Antibody binding was detected using
goat-anti-rabbit IgG conjugated with biotin (Sigma-Aldrich,
USA) diluted 1: 800, and VECTASTAIN Elite ABC Kit (Vector
Laboratories, USA), an avidin-biotin complex with horseradish
peroxidase. Diaminobenzidine (SIGMA Fast kit; Sigma-Aldrich,
USA) was used as a chromogen.

A quantitative evaluation of damage degree was performed
using the images of Nissl-stained sections taken with Camedia
C-4000 (Olympus, Japan). The length of lesions in the dentate
gyrus and CA1 hippocampal field was measured using Image-J
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(NIH, USA) software. Based on the length and thickness of
the sections, the total CA1 damaged area was measured
as described in our earlier work [19]. Evaluation of p75NTR
expression was based on the total area exhibiting positive
staining in three sections with the most severe hippocampal
damage located 500 pm from each other. To estimate the level
of expression in an individual animal, the results were averaged
and presented in pixels (pxi).

Reagents by Sigma-Aldrich (USA) were used in the study if
not specified otherwise

Data were presented as a group arithmetic mean (M) and
a standard error mean (SEM). The impact of peptides on the
lesion size was evaluated by Kruskal-Wallis test. Differences
between the groups were calculated using Mann - Whitney test.

RESULTS

The study of structural changes was carried out in animals
(n = 5) that received 3 nmol aggregated AB(25-35) injection
in the dorsal hippocampus of the left hemisphere 7 days after
the peptide had been administered. 3 nmol AB(35-25) were
injected in the dorsal hippocampus of the right hemisphere of the
same animals. To assess the effect of the vehicle, the controls
(n = 5) were injected with the equal volume of sterile water in
the hippocampus of the left hemisphere and sterile 0.9% NaCl
solution into the hippocampus of the right hemisphere. The
majority of neurons in the assayed brain sections of the controls
had normal morphology. Chromatophilic neurons in neocortex
and primary olfactory cortex were rarely observed. Injections
of isotonic solution did not induce a considerable damage in
rat hippocampus. Small lesions associated with the needle
penetration were found in the vicinity of the injection site after
the vehicle had been introduced to the CA1 hippocampal field.
Single chromatophilic cells were found in the CAS field. At the
same time, distinct structural changes of dentate gyrus (DG)
were observed. In the first place, those changes were reflected
in the considerable cell death of the DG upper blade. It should
be mentioned that lesions were most conspicuous in the
injection area and decreased in size further from the injection
site. On the whole, these data correlate with the results of our
previous works [8, 20].

Intrahippocampial administration of non-toxic AB(35-25)
resulted in the conspicuous cavitation in the studied brain
area. Along with it, a substantial damage of the DG upper and
sometimes lower blades was observed. The degree of CA1
hippocampal field damage was comparable to the one in the
brains of the controls who had received sterile water. In contrast
to AB(B5-25), administration of toxic aggregated peptide
AB(25-35) induced a more statistically significant (p <0.05)
damage in the CA1 field (Fig. 1). Variance analysis showed
the dependence of the CA1 field lesion size on Ap(25-35)
activity [H (2.15) = 8.9; p <0.02]. The CA1 field lesion size was
significantly (p <0.05) bigger compared to the hippocampus of
the control rats that had been injected with water and to the
hemisphere where a non-toxic peptide had been injected. No
correlation was observed between the DG lesion size and the
peptide administration [H (2.15) = 4.0; p = 0.1] (Fig. 2). Thus, a
higher sensitivity of CA1 neurons to a toxic effect of AB(25-35)
was shown compared to DG neurons.

The development of neurodegenerative processes
induced by AB((25-35) administration in the hippocampus
is accompanied by significant changes in the system of
neurotrophin supply. Thus, in the hippocampus of rats a
statistically significant (p <0.05) change in the expression of
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p75NTR receptor was observed. A statistically significant
expansion of the area stained with specific antibodies to
p75NTR protein was observed after both Ap(35-25) and toxic
AB(25-35) injections (Fig. 3). No specific effect of AB(25-35) on
this value was detected. Peptide injections in the hippocampus
resulted in the increased levels of NGF in this brain region
(Fig. 4). At the same time, the injection of toxic AB(25-35)
produced a more prominent effect on NGF levels compared
to AB(35-25).

DISCUSSION

This work has demonstrated that AB(25-35) injection in
the hippocampus leads to neurodegeneration that is most
conspicuously expressed in the pyramidal layer of CA1
field cells. Cell damage and death were localized mainly in
the injection area; the lesion size in the pyramidal layer was
significantly bigger in the rats that had received the injection of
AB(25-35), in contrast to the injections of the control peptide
with a reversed amino acid sequence or the vehicle (sterile
water). We should note that DG damage was observed in the
hippocampus of animals in all groups except for those that had
been injected with sterile isotonic NaCl solution. The damage
of this structure is likely to have been caused by the syringe
point being at the edge of the dentate gyrus lateral blade in
accordance with the stereotaxic atlas coordinates, and granule
cells were subjected to osmotic shock.

Neurodegenerative processes were accompanied by the
increased p75NTR neurotrophin receptor expression that
was observed in the hippocampus of the rats that had been
administered to both AB(25-35) and AB(35-25). The functions
of this receptor in the brain are diverse [21]. It can contribute
to the survival of damaged neurons by enhancing the effective
functioning of Trk receptors; it can also induce apoptosis of
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Fig. 1. Effect of amyloid peptide injection on the lesion size in CA1 hippocampal
field of rats. * — p <0.05 compared to the controls (vehicle injection), # — p <0.05
compared to the group injected with AB(35-25); Mann-Whitney test
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Fig. 4. Effect of amyloid peptide injection on the amount of NGF in the
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%k — p <0.05 compared to the controls (vehicle injection),
#— p <0.05 compared to the group injected with AB(35-25); Mann-Whitney test.

damaged cells to reduce the inflammatory response, maintain
the microenvironment for regeneration purposes, and control
neuroinflammation. It is known that the expression of this
receptor increases considerably in the hippocampus of
patients with Alzheimer’s, where AB can interact with p75NTR,
contributing to cell death [22]. It was shown that in SH-SY5Y
neuroblastoma cell culture AB(25-35) can bind to this receptor
just as the full length peptide Ap(1-42) [23]. At the same time,
a peptide with a reversed amino acid sequence AB(42-1)
did not display such properties. It should be noted that the
mechanisms that help AP trigger the expression of p75NTR
have not been fully understood. Moreover, it is a common
belief that in the hippocampus p75NTR is expressed only on
the afferent endings of basal nuclei cholinergic neurons [22].
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Prediction of mutation pathogenicity and its effect on the phenotype is an important task of modern bioinformatics. This
task is particularly difficult in regard to single nucleotide polymorphisms, as their effect is very hard to predict. Information on
pathogenic mutations is provided by curated databases such as Online Mendelian Inheritance in Man (OMIM) and The Human
Gene Mutation Database (HGMD) which include data from experimental works. However, as different authors interpret the
term “mutation pathogenicity” differently, it is necessary to double-check data before using them. We have assessed HGMD
database quality using the most common bioinformatic tools, namely, snpEff, polyphen2 and SIFT. Our study relied on the
characteristics specific for harmless mutations: high frequency in a population, weak effect on amino acid sequence of a protein,
low pathogenicity as computed by the utilities used in the study. As a result, we have identified clearly harmless variants among
those in the mutation database, as well as ambiguous ones in which a mutation type depends on characteristics and tools
used for the analysis.
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YTOYHEHME CTATYCA HEKOTOPbIX MYTALUIA, CYUTAIOLLLUXCS .
NMATOreHHbIMU, C NOMOLLIbIO MPU3HAKOB BE3BPEAHbIX MYTALLUU

0. V1. Bopucesn4'2, 1. B. LLatanoea', . O. KopocTtmnH'2 &, B. B. VinbuHcknin'*
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2MOCKOBCKMIN FOCYAAPCTBEHHbIN YHMBEPCUTET MMeHn M. B. JlomoHocoea, Mockea

S LleHTp KOMNEKTVBHOIO Mob30BaHWs oTaena bronorndeckix Hayk PAH «feHeTn4eckmin nonumMmophunams,
VHcTuTyT 06Wen reHeTukm nmvenn H. . Basunosa PAH, Mockea

BaxxHoi 3agadeli coBpeMeHHON BronHgopMaTrki SBNSIETCS NpeackasaHne naTtoreHHOCTN MyTaumm 1 ee BAnaHUS Ha de-
HoTun. OHa 0cobeHHO TpyaHa Anst OAHOHYKIEOTUAHBIX MOMMMOPMU3MOB, Hei apdeKT CnoxHee BCEro npeackasars. lato-
reHHble MyTaumm 6epyT 13 Kypupyembix 6a3 gaHHbIX, Takux kak Online Mendelian Inheritance in Man (OMIM) n The Human
Gene Mutation Database (HGMD), kyga Bk/ItoHatoT faHHble 13 aKCnepuMeHTasbHbIX ctater. OgHako NOCKOMbKY pasfinyHble
aBTOPbI BK/1abIBAIOT Pa3HbI CMbIC/ B MOHATUE «MAaTOreHHOCTb MyTaLmm», HEOBXOAMMO KOHTPONIMPOBATL AaHHble 6a3 nepen,
1X 1MCNoNb30BaHneM. Mbl MpoaHanM3npoBai Ka4eCTBO AaHHbIx 6a3bl HGMD ¢ momoLLbto Hanbonee 4acTo MCMob3yeMblX
OrorHopmaTniecknx NHcTpymeHToB: snpEff, polyphen2 n SIFT. B nccnegoBaHin Mbl onvpanichb Ha NpUsHaKKW, XxapakTep-
Hble anst 6e3BpeaHbIX MyTaLMiA: BbICOKYHO HYacToTy B MONysiumn, cnaboe BAnsHNE Ha aMUHOKMUCIOTHYIO MOCNEA0BaTENbHOCTb
Bernka, H13KYIO MaToreHHOCTb MO OLIEHKE BbIHMCIUTENbHBIX METOZOB. B pesynsrate cpeay myTtaumin 6asbl Hamuy BbISBNEHDI
0HO3Ha4YHO 6e3BpedHble BapuaHThbl, a Takke BapuaHTbl CO CMOPHBIM 3HAYEHNEM, Ot KOTOPbIX TUM MyTauum 3aBUCUT OT
1CMOMb3yeMbIX 419 aHanmM3a NpUsHaKkoB 1 MHCTPYMEHTOB.

KntoyeBble cnoBa: reHeTvKa 4eloBeKa, BbICOKOMPOV3BOANTENBHOE CEKBEHNPOBAHNE, MATOreHHOCTb, MOMYNALVOHHBIN
aHanmM3, MOVCK MyTaLyi
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119991, r. MockBa, yn. [ybkuHa, . 3; d.korostin@gmail.com
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The impact of single nucleotide polymorphisms (SNP) on  such as low sensitivity and specificity of no more than 75-80
the phenotype is hard to predict. Currently existing tools for % for SNP. Besides, they often do not annotate insertions and
predicting mutation pathogenicity have a number of flaws, deletions [1-3].
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Pathogenic mutations described in experimental articles
are collected into databases, such as the Online Mendelian
Inheritance in Man database (OMIM, [4]) and the Human
Gene Mutation Database (HGMD [5]). However, the term
pathogenicity can be interpreted widely; there is no unanimous
opinion on what it implies. As a result, different approaches
are applied while selecting mutations for their inclusion in a
database; thus, the data in different databases are not the
same and need rectification.

To identify non-pathogenic mutations, their indirect
indicators are often used, such as allele frequency in a
population and the effect on the amino acid sequence of a
protein. With new data coming into sight, these indicators
can help us understand how the existing databases can be
improved. Knowing that mutations described as pathogenic
meet the criteria for non-pathogenic variants is important for
the practical usage of the data derived from these databases.
This knowledge can help us understand why certain genetic
variants affect the phenotype while others do not.

For scientists who rely on HGMD in their research it may
not be obvious that apart from clearly deleterious mutations,
it currently includes harmless ones assessed as pathogenic.
Within the framework of this study, the pathogenicity of
mutations included in HGMD was evaluated using bioinformatic
tools. Allele frequencies annotated in HGMD were compared to
those from Exome Aggregation Consortium 0.3 [6]; the effect of
HGMD mutations on the amino acid sequence of proteins was
analyzed, and their pathogenicity was predicted using the most
common bioinformatic tools: snpEff, PolyPhen-2 and SIFT.

METHODS

A public version of HGMD (of the fourth quarter of 2014) was
used as a source of pathogenic mutations. It contained 73,208
mutations. Their allele frequencies were calculated using snpEff
4.0. The obtained data were compared to the allele frequencies
from Exome Aggregation Consortium 0.3 that included whole
exome and whole genome sequencing data from 60,706
samples of unrelated patients. EXAC provides allele frequency
data on six populations: African, Latino, East Asian, South
Asian, Finnish and European (non-Finnish). All unidentified
samples are grouped as “Other”. When we used the database,
the number of genotyped samples for each annotated mutation
varied in different populations, from about 500 for “Other” to
30,000 for Europeans. Allele frequencies were compared using
bcftools [7].

HGMD mutations affecting the amino acid sequence
of proteins were identified using snpEff 4.0 [8]. A possible
level of pathogenicity was predicted using PolyPhen-2 and
SIFT utilities. These utilities are standard tools for predicting
mutation pathogenicity; neither of them used HGMD data as a
training set.

RESULTS
snpEff annotation

Mutations obtained from HGMD were annotated by snpEff,
frequencies of each mutation type were established according
to snpEff classification. We have found that in many cases
mutations have more than one prediction, meaning they can
refer to various types at the same time. It usually happens when
a mutation is located within the gene and the adjacent genes
are used for its annotation. We have filtered variants belonging
to more than one type and selected those with the most
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conspicuous impact according to the algorithm suggested by
snpEff developers (see the table below) [8].

Annotation with EXAC

18,159 (25 %) mutations present in HGMD are described in
EXAC.

Results obtained by PolyPhen-2 and SIFT

We have predicted mutation pathogenicity using PolyPhen-2
and SIFT utilities. PolyPhen-2 uses two models for pathogenicity
prediction: HumDiv and HumVar. According to the developers’
description, HumVar predicts Mendelian diseases better,
while HumDiv is more efficient with complex phenotypes and
mildly deleterious alleles [9]. We have chosen HumDiv model
to use a wider pathogenicity definition. Threshold for cutting
off pathogenic and possibly pathogenic variants was set
by default.

PolyPhen-2 annotated 52,248 mutations, 39,032 (72 %) of
them were identified as pathogenic and 6,220 (11 %) as possibly
pathogenic. SIFT utility analyzed 53,097 mutations with 34,638
(65 %) identified as pathogenic and 4,358 (8 %) as possibly
pathogenic (with low probability). Both utilities recognized the
variants submitted to the database as pathogenic in 70-80 %
cases, which corresponds to their expected performance [2, 3].

DISCUSSION

Using EXAC database as a resource containing data on
allele frequency

Technical description of EXAC has not been released yet, but
the database is known to include data from both population
genetic studies and sequencing projects describing the
samples of patients with various diseases. We believe that such
projects use less samples compared to population genetic
research works, and their effect on the resulting frequency
must be negligible, especially if samples of a large number of
individuals have been analyzed in population genetic studies.
That is why our analysis did not cover mutations that had been
genotyped in a few individuals only. That being said, we believe
that EXAC can certainly be used to estimate the frequencies in
such studies as ours. The developers of this database claim
that it can be used as a reference set of allele frequencies for
disease studies.

Presence of synonymous mutations in HGMD

95 % of all mutations obtained from HGMD were distributed
by snpEff in two groups: missense mutations and nonsense
mutations. However, about 2.5 % of mutations were identified
as synonymous (see the table). Although the pathogenicity of
synonymous variants has been described in literature, in most
cases synonymous mutations are considered harmless. We
focused on this group as a group of variants with the most
disputable pathogenicity. PolyPhen-2 utility does not perform
the pathogenicity assessment of synonymous mutations
because it relies on the effect of a mutation on the protein
amino acid sequence. SIFT utility allows for the assessment
of the synonymous mutation pathogenicity; it identified only
4 out of 1,793 synonymous mutations as pathogenic. It is
highly probable that the rest of 1,789 mutations (~2.5 % of all
mutations in HGMD) are not pathogenic because they do not
have any other signs of pathogenicity.
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Number of the most important mutations obtained from HGMD and predicted by snpEff

Type* Number of mutations Type * Number of mutations
missense_variant 56136 sequence_feature 66
stop_gained 13513 initiator_codon_variant 61
synonymous_variant 1793 intron_variant 54
start_lost 465 non_coding_exon_variant 44
3_prime_UTR_variant 363 splice_donor_variant 39
downstream_gene_variant 245 splice_acceptor_variant 23
upstream_gene_variant 162 stop_retained_variant 4
stop_lost 136 5_prime_UTR_variant
splice_region_variant 99 intergenic_region 2

*Names are given as they appear in snpEff. missense_variant — missense mutations; stop_gained — nonsense mutations; synonymous_variant - synonymous mutations;
start_lost — a codon variant that changes at least one base of the canonical start codon; 3_prime_UTR_variant —a UTR variant of the 3’ UTR; downstream_gene_variant
—a sequence variant located 3’ of a gene. upstream_gene_variant - a sequence variant located 5’ of a gene; stop_lost — a sequence variant where at least one base of
the terminator codon (stop) is changed resulting in an elongated transcript; splice_region_variant — a sequence variant in which a change has occurred within the region;
of the splice site, either within 1-3 bases of the exon or 3-8 bases of the intron; sequence_feature — a sequence variant within any region initiator_codon_variant — a
codon variant that changes at least one base of the first codon of a transcript; intron_variant — a transcript variant occurring within an intron non_coding_exon_variant
— a sequence variant that changes non-coding exon sequence of a noncoding transcript; splice_donor_variant — a splice variant that changes the 2 base pair region at
the 5" end of an intron; splice_acceptor_variant - a splice variant that changes the 2 base region at the 3’ end of an intron; stop_retained_variant — a sequence variant
where at least one base in the terminator codon is changed, but the terminator remains; 5_prime_UTR_variant - a UTR variant of the 5’ UTR; intergenic_region — a region
containing or overlapping no genes that is bounded on either side by a gene, or bounded by a gene and the end of the chromosome.

Analysis of synonymous pathogenic mutations in HGMD

Only one of the four synonymous mutations in HGMD identified
as pathogenic by SIFT utility is described in doSNP [10].
It is NM_005228.3:c.2361G>A (NP_005219.2:p.GIn787=)
mutation with rsid rs7050771. According to Zhang et al. [11],
this mutation is associated with lung cancer; its molecular
mechanism of action has not been identified yet. The frequency
of the alternative (“mutant”) allele A is about 43 %, according
to the “1000 genomes” project data presented in dbSNP.
The ClinVar database [12] defines this SNP as benign [12].
The reasons for SIFT classifying this mutation as pathogenic
are probably related to the conservative position where the
mutation occurred. It is located at codon position 3 that is
usually less conservative than positions 1 and 2, and gets a
lower score. However, for this mutation the PhyloP Vertebrate
evolutionary conservation score obtained from UCSC Genome
Browser [14], combined with the scores of positions 1 and 2
of adjacent codons, is much higher than the score of other
third codon position nucleotides, which is indicative of high
conservation of the nucleotide of interest.

After all, the true nature of this mutation is hard to identify.
On the one hand, there is evidence that this mutation is non-
pathogenic, such as the data from ClinVar database, its
synonymous type, the high frequency of the allele variants in the
population. On the other hand, the results of prediction using
SIFT utility in HGMD and the high evolutionary conservation
suggest the pathogenicity of this variant. This example illustrates
the difficulty of mutation pathogenicity prediction: even manual
analysis cannot provide the unambiguous interpretation of the
results, because the mutation type depends on the choice of a
tool for analysis.

Variants with a mutation present in a heterozygote only

To analyze the mutations absent in the samples in the
homozygous state, we have chosen four mutations, each
being present in a heterozygote in more than 75 % of samples
and in a homozygote in less than 5 % of samples (according
to the EXAC data):

1. chr1:1650845G>A (rs1059831, gene CDK11A, HGMD
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phenotype: associated with type 2 diabetes) [14],

2. chr2:112614429G>A (rs72936240, gene ANAPCT,
HGMD phenotype: protein deficit associated with the risk of
cancer) [15],

3. chr7:142458451A>T (rs111033566, gene PRSST,
HGMD phenotype: hereditary pancreatitis) [16],

4. chr17:7197581G>T (rs189257850, gene YBX2, HGMD
phenotype: associated with male infertility) [17].

Homozygous variants 2 and 3 have never been present
in any population, homozygous variant 1 has been found in
only one out of 8,209 samples in the South Asian population.
Strangely, for variant 4 only 203 samples have been genotyped,
while for variants 1-3 about 60,000 samples have been
genotyped. For variant 4 only one individual out of 52 in the
East Asian population has been described as homozygous and
13 individuals out of 62 have been described as homozygous
in the Latin American population.

These mutations are mainly found in heterozygotes, which
can be explained by the fact that they cause death or at
least cannot be inherited. Based on the phenotype analysis,
variants 2 and 4 can be excluded as heterozygous because
of early death or infertility of their carriers. Variant 4 is the most
interesting one, but it is the only variant that has not been
genotyped widely. It is difficult to understand why this mutation
is highly frequent in one of the populations and why the number
of individuals analyzed in this population is so low. Because
the number of the individuals analyzed is low, those data have
been possibly obtained by analyzing diseased individuals (see
the description of EXAC specifics above), so no predictions for
this variant are possible. Variant 2 can be described as lethal in
the homozygous state. We make a supposition that although
it is not obvious that variants 1 and 3 are lethal, the existent
data prove that these mutations cause death or infertility in
homozygotes.

CONCLUSIONS

Assessing mutation pathogenicity is a difficult task. Sometimes
neither automatic nor manual analysis can classify it as
clearly pathogenic or harmless. However, in the absence of



experimental data on transgenic organisms with a mutation
of interest, the existing databases can still be used for
pathogenicity analysis, but one should use them carefully.
Automatic use of those databases is restricted by the quality
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T-CADHERIN GENE POLYMORPHISM IS ASSOCIATED WITH CORONARY HEART
DISEASE MANIFESTATIONS

Balatskiy AV'™, Chotchaeva FR?, Pinevich YuS?, Samokhodskaya LM', Tkachuk VA?

"Medical Science and Education Centre,
Lomonosov Moscow State University, Moscow, Russia

2Faculty of Fundamental Medicine,
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A number of studies have shown that a CDH13-encoded T-cadherin protein, which is a receptor for low density lipoproteins
and adiponectin, an adipocyte hormone, is associated with atherosclerosis and coronary heart disease (CHD) development.
Some single nucleotide polymorphisms in CDH173 gene affect the expression of T-cadherin and the levels of adiponectin and
blood plasma lipids, but the connection between these polymorphisms and CHD development has not been studied yet. In this
work the role of rs12051272, rs4783244, rs12444338 and rs11646213 single nucleotide polymorphisms in CHD development
and its manifestations was investigated. The study enrolled men under 55 years of age: 79 patients with stable effort angina
with no prior myocardial infarction, 107 patients with prior myocardial infarction being the first manifestation of CHD, and
99 healthy subjects. All subjects were clinically examined; laboratory tests and genotyping were conducted. The results of
genotyping were evaluated using SNPStats on-line software. This study has not found a connection between CDH13 gene
polymorphisms and CHD development. However, it was shown that rs 72057272 polymorphism is associated with the specifics
of the disease onset: GT genotype was detected in 13 (16.5 %) patients with stabile effort angina and only in 3 (2.8 %)
patients with myocardial infarction (odd ratio of 7.54; 95 % confidence interval of 2.01-28.35). Thus, the study demonstrates
that CDH13 gene polymorphism can affect atherogenesis and CHD manifestations.

Keywords: T-cadherin, CDH13, gene polymorphism, low density lipoproteins, adiponectin, coronary heart disease,
myocardial infarction
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NMOAUMOP®U3M FrEHA T-KAATEPUHA (CDH13) ACCOUUNPOBAH
C XAPAKTEPOM MAHU®ECTALIUU ULLEMUYECKOU BOAE3HU CEPALLA

A. B. Banauknin' = @. P. HYotyaesa?, FO. C. Munesn<?, J1. M. Camoxoackas’, B. A. Tkadyk?

"MeanumHCKMN Hay4HO-06pasoBaTeNbHbIN LIEHTP,
MOCKOBCKIIA roCcyaapCTBEHHbI YHUBEPCUTET MMeH M.B.JTomoHocoBa, Mocksa

2 dakynbTeT yHaaMeHTaNbHOM MeauLIMHbI,
MOCKOBCKM roCcygapCTBEHHbIN YHBEpCUTET nMeH M.B.JTomoHocoBa, MockBa

Psn nccnegosaHnin mokasan, 4to 6enok T-kaarepyiH, Koaupyembiin reHoMm CDH 13 1 aBASOLLMIACSA OOHOBPEMEHHO PELENMTOPOM
JMAOMPOTEMAOB HU3KOW MAOTHOCTU 1 aaUMOLMTapHOrO ropMOoHa auNMOHEKTVHA, UMPaET Porb B Pa3BUTUN aTepoCcKiepo3a
n nwemmdeckor 6onesHn cepaua (VIBC). HekoTopble 0OHOHYKNEOTUAHbIE 3aMeHbl B reHe CDH13 BAMAIOT Ha SKCMPECCUo
T-kagrepuHa, ypOBHM adVMOHEKTVHA 1 NUMMAOB Mias3Mbl KPOBW, OAHAKO CBA3b MeXXAy OaHHbIMW 3aMeHaMu 1 Pa3BUTUEM
VBC He nccneposaHa. B HacTosLLeln paboTe nayyanu posib OAHOHYKNEOTUAHbIX 3aMeH rs12051272, rs4783244, rs12444338
n rs11646213 B passutum VIBC 1 xapaktepe ee MaHudecTaumn. B nccnegoBanme BKIUAIN My>XHH B BO3pacTe Ao 55 neT:
79 nauneHTOB CO CTabWbHOW CTEHOKapAVEN Hanps»keHnst 6e3 nHdapkTa Mmokapaa, 107 4enoBek, NepeHecLUnX UHapKT
Mnokapaa kak aebrot NBC, n 99 3goposbix nmu. Becem nccneqyemMbiM NPOBOANIV KIIMHUKO-abopaTopHoe obcnenoBaHmne
N FTEeHOTUNMPOBaHKE. Pe3ynsTaThl reHOTUNMMPOBaHKS OLEHMBaIM C MOMOLLIBKO OHAaH-Nporpammbl SNPStats. B HacToswen
paboTe B3aMMOCBA3M nonmmopduama reHa CDH13 ¢ passutnem VIBC He BbIsIBNEHO, OQHAKO MOKas3aHO, YTO 3ameHa
rs12051272 accoummpoBaHa C xapaktepoM aebrota 3abonesaHns: reHotun GT BeisgBun y 13 (16,5 %) naumeHToB co cTa-
OUNBHOM CTEHOKAPANEN HANMPSPKEHNS 1 TONbKO Y 3 (2,8 %) YenoBek ¢ MHPapKTOM Mr1okapda (OTHOLLEHME WaHCOB — 7,54;
95 % poBepuTenbHbIN UHTepBan — 2,01-28,35). Takum 06pa3om, nokasaHo, HTo nonmopdnam reHa CDH13 MOXET BIVSTb
Ha NPOLIECChI ateporeHesa 1 xapakTep MaHudecTauumm NBC.

Kntouesble cnosa: T-kagrepuH, CDH13, reHeTUHeCcKuii NoAMMOopgU3aM, UMONPOTENbI HUSKOW MAIOTHOCTU, aOUMOHEKTUH,
nemm4eckas 6onesHb cepaua, MHMapKT Mrnokapaa
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Coronary heart disease (CHD) is an extremely important medical
and social issue. This disease is currently one of the leading
causes of death and disability worldwide [1].

Acute coronary syndrome is often the first symptom of CHD.
Intravascular thrombi are formed on the surface of a damaged
atherosclerotic plague, which leads to the development of
myocardial infarction (Ml) [2]. The median percent stenosis of
the infarct-related artery is 48% [3]. Thus, patients with unstable
plagues can be spared angina and other myocardial ischemia
symptoms, but are very likely to develop acute MI. In case
the atherosclerotic plaque and CHD develop gradually, stable
effort angina (SEA) often becomes the first manifestation of the
disease.

The mechanism of unstable atherosclerotic plague
formation has not been fully studied. Some studies have
shown that T-cadherin has an important role in the
development of atherosclerosis and CHD [4-7]. T-cadherin is
a glycosylphosphatidylinositol-anchored protein; it belongs
to the cadherin superfamily and is a receptor for low density
lipoproteins (LDL) [8] and high molecular weight adiponectin, a
hormone secreted by adipose tissue [9]. Many works describe
the antiatherosclerotic effects of adiponectin resulting from the
increased synthesis of high density lipoproteins in the liver, the
reduction of cholesterol concentration in the atherosclerotic
plaque [10-12] and the suppression of macrophage-to-foam-
cell transformation [13]. M.M.Joosten et al. showed that low
adiponectin was associated with atherosclerosis development:
reduced adiponectin levels in blood serum correlated with the
presence of multiple atherosclerotic vascular lesions [14, 15].
By contrast, X.J.Cai et al. demonstrated that adiponectin
suppresses proliferation, migration and transformation of
adventitial fibroblasts [16], which possibly causes cap thinning
and increases the risk of MI. T-cadherin also functions as an
LDL receptor [8,17] and thus contributes to the build-up of an
unstable atherosclerotic plaque independently of adiponectin.

Some studies showed that single nucleotide polymorphisms
in  T-cadherin gene (CDH13) can affect a diponectin
concentrations in blood and thus be a part of the mechanism
of cardiovascular disorder development. However, there are
almost zero data on the CDH713 polymorphism association
with CHD and MI. For this work we have selected four single
nucleotide polymorphisms in CDH13 gene and investigated the
connection between them and both CHD development and
symptoms indicative of the disease onset. It was established
that rs72051272 (G—T) and rs4783244 (G—T) polymorphisms
[18, 19] are associated with the adiponectin level changes in
blood serum. The single nucleotide polymorphism rs 12444338
(G—T) is related to the changes in T-cadherin gene promoter
activity [20] and to the carotid intima-media thickness [21],
which indicates its possible impact on the atherogenesis. No
similar data were obtained in relation to rs717646213 (A—T)
polymorphism [19, 22]; however, allele A is associated with the
reduced risk of arterial hypertension (AH) and the increased risk
of metabolic syndrome development [22, 23]. All polymorphisms
studied in this work are associated with blood serum lipid levels
[22, 24-26].

METHODS

The study enrolled 285 men aged 26 to 55. Blood samples
and clinical data were obtained from the biobank of the
Faculty of Fundamental Medicine of Lomonosov Moscow
State University. All patients signed the informed consent as
required by the Declaration of Helsinki. The control group
consisted of 99 individuals: military air forces pilots without
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arterial hypertension, dyslipidemia and CHD signs according
to cardiac stress test results. The group of patients with CHD
included 186 individuals, with the age of onset being below
55. Based on the symptoms accompanying the disease onset,
two subgroups were formed. For the first subgroup (n=79), the
inclusion criteria was SEA without Ml confirmed by cardiac stress
test or coronary angiography. The second subgroup (n=107)
included men in whom CHD first manifested itself as a clinically,
laboratorially (elevated levels of myocardial necrosis markers)
and instrumentally (electrocardiography, echocardiography,
radionuclide diagnostics) confirmed MI without prior effort
angina. Coronary angiography data were not used as a
criterion for Ml diagnosis; however, coronary angiography was
performed on the patients with Ml for deciding on the further
treatment when the connection between MI and coronary
atherosclerosis was not certain. Glucose tolerance defects and
diabetes mellitus were exclusion criteria for all groups.

Patients were diagnosed with AH if their systolic blood
pressure was higher than 140 mmHg and diastolic blood
pressure was higher than 90 mmHg, or if they were undergoing
the antihypertensive therapy. Patients were diagnosed with
dyslipidemia if total blood cholesterol was over 5.3 mmol/l,
LDL was over 3.0 mmol/l, or if patients were undergoing the
antinyperlipidemic therapy at the time of CHD onset. Patients
with body mass index over 30 were considered obese. For
this study we used the data obtained from the first medical
examination at the time of CHD diagnosis.

Genomic DNA was extracted using QlAamp DNA Blood
Mini Kit (QIAGEN, Germany) and QIAcube robotic workstation
(QIAGEN, Germany) for sample preparation of venous blood
stabilized by EDTA. Genotyping was performed using TagMan
SNP Genotyping Assays (Applied Biosystems, USA).

For qualitative characteristics, the significance of differences
between the groups was assessed by Yates chi-squared test.
Distribution of qualitative characteristics was evaluated by
Shapiro-Wilk test. Characteristics with near normal distribution
were assessed using Student’s t-test; other qualitative
characteristics were assessed by Mann-Whitney U-test. In all
cases the difference was interpreted as statistically significant
with p<0.05. Genotyping data were analyzed using SNPStats
software. To assess the probability of disease development with
different genotypes, odds ratio (OR) and the corresponding 95%
confidence interval (Cl) were calculated. Akaike information
criterion (AIC) was used to detect the inheritance pattern
(codominant, dominant, recessive, superdominant and log-
additive) that best matched the obtained results [27].

RESULTS

Major risk factors and their prevalence in the individuals enrolled
in the study are presented in tables 1 and 2. Differences between
the group of patients with CHD and the controls based on the
prevalence of major risk factors and age were accounted for
in the mathematical models describing the obtained results.
At the same time, no significant differences were observed in
the prevalence of major risk factors of cardiovascular diseases
between the subgroups of patients.

No statistically significant difference was found in the
frequencies of different genotypes while comparing the controls
with the group of patients who had CHD, and while comparing
the controls with each of subgroups of patients who had stable
effort angina and prior myocardial infarction.

However, while comparing the controls with the subgroup
of patients with SEA disregarding such traditional risk factors as
age, obesity, smoking, dyslipidemia and AH, differences in the
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frequencies of rs12051272 and rs11646213 polymorphisms
were detected (see tables 3, 4).

To clarify the role of these polymorphic markers, subgroups
of patients with Ml and SEA were compared. When introducing
traditional risk factors to the model, statistically significant
differences were obtained for rs72051272 polymorphism
only; for G/T genotype the OR (95% ClI) of stable effort
angina development was 7.54 (2.01-28.35) (see table 5). For
rs11646213 polymorphism no statistically significant difference
was found.

Thus, no statistically significant differences were found
between the controls and each of the studied subgroups;
however, the association of rs72051272 polymorphism with
CHD manifestation pattern (Ml or SEA) was shown . rs12051272
genotype frequency data are presented in the chart below.

DISCUSSION

Reduced T-cadherin level in blood plasma is associated with
the severity of atherosclerotic damage of coronary arteries and
acute coronary syndrome development [7], which indicates

% p <0.001
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infarction

m Patients with stable effort
angina
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6.1

Frequency of rs12051272 polymorphism genotypes of CDH13 gene in the
studied groups

Table 1. Prevalence of risk factors in the studied groups

a possible connection between CDH13 gene polymorphism
that affects protein levels and the development of CHD and
its manifestation patterns. It is known that rs72444338 (G/T)
polymorphism is associated with both adiponectin level and
CDH13 promoter activity [20], that is why we expected that this
marker would be associated with CHD development.

However, no data indicated the correlation of rs12444338,
rs4783244 and rs11646213 polymorphisms with  CHD
development and its manifestation patterns. Similar results
were presented by H. Morisaki et al. for rs712444338; they did
not find any effect of that polymorphism on Ml development and
the levels of LDP and adiponectin [19].

Mathematical models applied in this study accounted for
the traditional factors of cardiovascular risk (age, AH, smoking,
obesity and dyslipidemia), but the specifics of the controls
did not allow for the demonstration of CDH13 polymorphism
association with CHD development. Still, the association of
CDH13 polymorphism with the disease manifestation pattern
was shown: the frequency of G/T genotype of rs12051272
polymorphism was significantly higher in the group of patients
with SEA and without Ml (16.5 and 2.8 %, respectively);
OR was 7.54; 95 % Cl was 2.01-28.35. The obtained data
can indicate the possible protective role of T allele, which is a
paradox, because this allele is associated with a lower level of
adiponectin in blood plasma [19].

There are a number of possible explanations for the
association discovered in this work. First, it should be noted
that detecting the level of circulating adiponectin in patients
with Ml is hindered: it binds to T-cadherin and accumulates
in the zone of myocardial damage [28], thus the reduced
adeponectin level in patients with Ml can be merely a result
of this process [29]. Besides, adiponectin is likely to induce
a number of various effects on the build-up of atherosclerotic
plaques and MI development. On the one hand, high levels of
adiponectin prevent the development of Ml by normalizing the
lipid profile [10] and suppressing macrophage transformation
to foam cells [13]. On the other hand, some works have shown
that adiponectin suppresses the migration of fibroblasts and
their transformation to miofibroblasts [16]. As a part of this

Risk factors Controls, n=99 Patients with CHD, n=186
Age, years* 36.0 (32.0; 39.0) 47.0 (44,0; 51.0)
Dyslipidemia 0(0) 52 (27.96 %)*
Obesity 7 (7.07 %) 57 (30.65 %)*
Smoking 27 (27.27 %) 93 (50.00 %)*
AH 0(0) 116 (62.37 %)*

For patients with CHD, the age of the disease onset is shown; the median (interquartile range) * is presented;

figure in the controls.

Table 2. Prevalence of risk factors in the controls and the subgroups of patients

# — p<0.001 when compared with the corresponding

Risk factors Controls, n=99 Patient::v;i;h SEA, Patie:t:s1\g/i7t h Ml p'? p'® p>®
Age, years* 36.0 (32.0; 39.0) 48.0 (43.0; 51.0) 47.0 (44.0; 52.0) <0.001 <0.001 0.971
Dyslipidemia 0(0) 24 (30.38 %) 28 (26.17 %) <0.001 <0.001 0.64
Obesity 7 (7.07 %) 29 (36.71 %) 28 (26.17 %) <0.001 <0.001 0.167
Smoking 27 (27.27 %) 35 (44.30 %) 58 (54.21 %) <0.05 <0.001 0.235
AH 0(0) 53 (67.09 %) 63 (58.88 %) <0.001 <0.001 0.322

* — for the subgroups of patients, the age at the time of the disease onset is shown; the median (interquartile range) is presented; p'-> —statistically significant
differences between the controls and the subgroup of patients with SEA; p'® — statistically significant differences between the controls and the subgroup of patients
with MI; p?-® — statistically significant differences between the subgroups of patients.
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Table 3. Frequency of rs712051272 polymorphism genotypes of CDH13 in healthy subjects and patients with stable effort angina without consideration of risk factors

Genotype Controls, n (%) Patients with SEA, n (%) OR (95% ClI) P AIC
G/G 93 (93.9) 66 (83.5) 1
<0.05 243.5
G/T 6 (6.1) 13 (16.5) 3.05 (1.10-8.45)
Table 4. Frequency of rs11646213 polymorphism genotypes of CDH13 in healthy subjects and patients with stable effort angina without consideration of risk factors
Inheritance pattern Genotype Controls, n (%) Patients with SEA, n (%) OR (95% CI) p AIC

T/T 36 (36.4) 35 (44.3) 1

Codominant AT 44 (44.4) 38 (48.1) 0.89 (0,47-1.68) 0,07 245.2
A/A 19 (19.2) 6 (7.6) 0.32 (0.12-0.91)
T/T 36 (36.4) 35 (44.3) 1

Dominant 0,28 247.4
A/T-A/A 63 (63.6) 44 (55.7) 0.72 (0.39-1.31)
T/T-A/T 80 (80.8) 73 (92.4) 1

Recessive 0,023 243.3
A/A 19 (19.2) 6 (7.6) 0.35 (0.13-0.91)
T/T-A/A 55 (55.6) 41 (51.9) 1

Superdominant 0,63 248.3
AT 44 (44.4) 38 (48.1) 1.16 (0.64-2.10)

Log-additive - - - 0.66 (0.42-1.02) 0,058 244.9

Table 5. Frequency of rs 12057272 polymorphism genotypes of CDH13 in patients with stable effort angina and myocardial infarction with the consideration of all risk

factors of interest

Genotype Patients with MI, n (%) Patients with SEA, n (%) OR (95% CI) p AIC
G/G 104 (97.2) 66 (83.5) 1
< 0.001 2511
G/T 3(2.9) 13 (16.5) 7.54 (2.01-28.35)

mechanism, adiponectin can cause thinning of fibrous cap of
the already formed atherosclerotic plaque, which eventually
causes its rupture, atherothrombosis and M. It should be noted
that changes in T-cadherin level can affect sensitivity to insulin,
activity of endothelial nitric oxide synthase, endothelial cells
migration and angiogenesis [30], contractile activity of vascular
smooth muscle cells and organization of extracellular matrix
[31]. All these factors can change the pattern of atherosclerosis
development.

There is some evidence that T-cadherin level (at least in
blood plasma) negatively correlates with the level of adiponectin
in young males, while in females this correlation is positive [32].
The inclusion of only male individuals was a limitation of this
study.
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DIAGNOSTIC ADVANTAGES OF A LONG-TERM HOLTER ECG MONITORING
COMPARED TO ASTANDARD 24-HOUR MONITORING

Gorozhantsev YuN
S. V. Ochapovsky Scientific Research Institute — Regional Clinical Hospital No. 1, Krasnodar, Russia

Longer observation periods have been proven to increase the diagnostic value of Holter ECG monitoring for paroxysmal atrial
fibrillation mainly. The aim of this work was to study the diagnostic efficacy of a long-term ECG monitoring in detecting various
types of arrhythmias and to assess the uneven distribution of arrhythmias over different observation days. In this study 27
patients were examined, including 13 men and 14 women with a mean age of 42.8 + 10.8 years, their complaints suggesting
various types of tachy- and bradyarrhythmias. Compact recorders and original software were used. ECG recording time
was 5-7 days. Using quantity criteria characterizing the level of uneven inter-day distribution of arrhythmias, advantages of
long-term observations over a 24-hour monitoring were confirmed for such arrhythmias as sinus pauses over 2.5 seconds,
a second degree AV block, paroxysmal supraventricular tachycardia, single and paired ventricular extrasystoles, ventricular
salvos, ventricular tachycardia.
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ANATHOCTUYECKUE NPEUMYLLIECTBA MHOIOCYTOYHOIO
XOATEPOBCKOro MOHUTOPUPOBAHUSA AIAEKTPOKAPAUOIPAMMDI
NEPEA CTAHAAPTHbIM 24-YACOBbIM UICCAEAOBAHUEM

HO. H. fopoxxaHues

Hay4Ho-1ccnenoBatensCkui MHCTUTYT — Kpaesast kKnnHndeckast 6onbHuLa Ne 1 nmvenn npodeccopa C. B. Oyanosckoro,
KpacHogap

MoBbILLEHE ONArHOCTNHECKOW LEHHOCTM XONTEPOBCKOIO MOHUTOPUPOBaHWA SKIT Npu yBENHEHUN OAUTENBHOCTN UCChe-
[0BaHnst yoeamnTenbHO JOKa3aHO B OCHOBHOM B OTHOLLIEHWN MapOKCU3MasHOM hubpunnsaumn npegcepomi. Llens vcene-
[OBaHNst — N3yYeHne AMarHOCTUHeCKOM 3hHeKTUBHOCT METOAA MHOMOCYTOHYHOrO MOHUTOPUPOBaHua OKIT B BbIABAEHNM
pPasMYHbIX BUAOB apUTMUN, OLIEHKA HEPaBHOMEPHOCTY PacipeaeneHns apuTMnA MeXy PasnyHbIMY CyTKamy HAOMIOAEHNS.
ObcnepoBaHbl 27 nauneHToB (13 My>x4nH, 14 XeHLWH, cpeaHuin Bo3pacT — 42,8 + 10,8 roaa) ¢ »kaniobamu, BbI3bIBAIOLLMN
NMOAO3PEHNE Ha HaNMYMe Pa3NnNYHbIX BUOOB Taxu- 1 6paavaputMnm. B nccnegoBaHm ncnonb30BaHbl ManorabaputHble Kap-
OVOPErncTPaTopbl M OpUriHabHOE MPorpaMmMHoe obecnederre. dnutensHoCTb pernctpauumn OKI coctaBuna 57 cyT. C uc-
MONE30BaHMEM MPELIOMEHHBIX KONMYECTBEHHBIX KOUTEPUEB, XapaKTepU3YHOLLIMX CTeNeHb HEPaBHOMEPHOCTN MEXXCYTOHHOIO
pacnpeneneHnst apuTMIiA, MOATBEP>KAEHbI MPEVMYLLIECTBA MHOMOCYTOYHbIX MCCNEA0BaHWN Nepes 24-4acoBbIM HAONMOAEHNEM
B OTHOLLEHUM Takunx aputMuii, Kak nay3sbl bonee 2,5 ¢, AB-bnokaga Il cteneHn, napokcramanbHasi CynpaBeHTpUKyIapHas
Taxvkapous, OOVHOYHbIE XeNyA0o4KOBbIE KCTPACUCTOSbI, MapHbIE U MPYMMOBbLIE XKeNyOo4YKOBbIE SKCTPACUCTOSbI, XXeyao4-
KOBas Taxvkapamns.

KntoueBble cnoBa: XONTEPOBCKOE MOHUTOPUPOBaHNE, MHOIOCYTOHYHOE MOHUTOPUPOBaHE 9KT, aAPUTMNA

BnarogapHocTu: astop 6narogaput Omutpns Opo3nosa n3 Poccuiickoro yHueepcuteTa apy»xobl Hapoaos (MOCKBa) 3a LieHHbIE COBETbI 1 3aMeHaHiis,
BbICKa3aHHble M B XOfe NMPOBELEHNS CCNEA0BaHNS U NMOATOTOBKM PYKOMUCU.

D<] Ans koppecnongeHumu: tOpuii Hukonaesmy fopoxaHLies
350029, . KpacHozap, yn. 1 Mas, a. 167; ygsoft2002@rambler.ru

Cratbs noctynuna: 11.09.2015 Ctatbsi npuHaTa K nevatu: 24.10.2015

By now, various authors have proved that longer observation
periods increase the informative value of ECG monitoring. For
example, G. Senatore at al. [1] compared the incidence of
asymptomatic recurrences of atrial fibrillation (AF) in patients
who had undergone radiofrequency catheter ablation of AF by a
90-day continuous transtelephonic ECG monitoring, standard

ECG recorded 12, 24 and 36 hours after ablation and on the
14th, 30th and 120th days after ablation, and 24-hour Holter
recording on the 30th and 120th days after ablation. It was
demonstrated that long-term transtelephonic ECG monitoring
was of a higher diagnostic value and decreased the success of
ablation from 86 %, as detected by two other methods, to 72 %.
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N. Dagres et al. [3] studied the influence of Holter duration
on the detection of AF recurrences after ablation for this
arrhythmia and established that a 24-hour Holter would have
detected 59 % of patients with recurrences, a 48-hour Holter
— 67%, a 72-hour Holter— 80 %, a 4-day recording — 91 %
of all recurrences identified upon completing the 7-day
observation. T. Hanke et al. [4] compared the effectiveness and
accuracy of cardiac rhythm assessment in patients with prior
standard radiofrequency catheter ablation by standard ECG
Holter monitoring and long-term monitoring with an implantable
medical device (IMD) (Reveal XT 9525, Medtronic Inc., USA)
over a 3-month period. During the 24-hour surveillance, sinus
rhythm was documented in 53 readings, but confirmed by
the IMD in 34 cases only. D. Jabaudon et al. [5] showed that
7-day ambulatory ECG monitoring using an event-loop recorder
enables to detect AF episodes more effectively than standard
ECG and standard Holter monitoring. The effectiveness of
standard ECG was 2.7 %; Holter monitoring identified another
5 % among those patients whose standard ECG records were
of no diagnostic value; event-loop recording identified another
5.7 % of AF in patients with a normal ECG and a normal 24-
hour Holter. D. Andresen et al [6] demonstrated the advantages
of long-term ECG monitoring in the detection of complex
ventricular tachyarrhythmias.

A positive diagnostic experience in using continuous long-
term ECG monitoring for the detection of various arrhythmias
has been described by a number of Russian researchers
[7-10]. Long-term ECG monitoring is successfully applied when
deciding on the appropriate antiarrhythmic therapy [11, 12].

It is important to note that the majority of previous studies
focused on such arrhythmias as paroxysmal atrial fibrillation.
Other arrhythmias, including those of clinical significance, were
studied less. Little attention is paid to studying the uneven
inter-day distribution of arrhythmias. Qualitative criteria showing
the advantages of long-term studies have been insufficiently
elaborated.

The aim of this study is to investigate the diagnostic
advantages of long-term Holter monitoring over a standard
24-hour observation in detecting different types of arrhythmias,
excluding AF, and to analyze the uneven inter-day distribution
of arrhythmias.

METHODS

We examined 27 patients (13 male and 14 female) with a mean
age of 42.8 + 10.8. The inclusion criteria were as follows:
complaints of infrequent subjective symptoms of arrhythmia (1-4
times a week), such as sudden palpitations, an acute sensation
of abnormal heart activity, blackouts and sudden intense dizzy
spells. Written informed consent was obtained from all patients.

For long-term ECG monitoring portable 3-channel
“Machaon-03” recorders (Altonika, Russia) were used. These
recorders allow for 7-day recording without battery replacement.
The records were processed by the original software designed
by the authors of this work. It enables to process and analyze
a 7-day long 3-channel record without splitting it into separate
24-hour long segments, in one pass. Previously, the software
was tested on the ECG MIT-BIH database [13-15] using a
traditional method [16]. The accuracy of R-peak automatic
detection was as follows: sensitivity (SE) of 99.56 %, positive
predictive value (+P) of 98.67 %. A test was conducted using
the Russian Society of Holter Monitoring and Non-invasive
Electrophysiology database [17] with the following R-peak
detection accuracy: sensitivity (SE) of 99.8 % and positive
predictive value (+P) of 99.5 %.
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Patients were distributed into groups based on the ECG
recording duration: 21 patient had a 7-day recording, 5 patients
— a 6-day recording, 1 patient — a 5-day recording. The mean
duration of observation was 6 days 17 hours (161 hour).

We analyzed 7 types of arrhythmias: sinus pauses over
2.5 seconds, second degree AV block, supraventricular
extrasystoles, including paired and salvos, paroxysmal
supraventricular tachycardia, single and paired ventricular
extrasystoles, ventricular salvos, ventricular tachycardia.

In each case the observation duration was nominally divided
into 24-hour intervals. The number of various rhythm and
conduction disorders in each interval was calculated. Then the
uneven distribution of arrhythmia episodes over the observation
period was analyzed based on the difference in their number in
every 24-hour interval.

For qualitative evaluation of the results, we suggest the
following parameters:

— PN1 positive number of patients — number of patients
with the arrhythmia of interest detected in only one of all
24-hour intervals, whereas in the rest of 24-hour intervals this
arrhythmia was not detected at all;

— PN1 positive number of patients, % — a proportion of
patients with only one diagnostically significant 24-hour interval
to the total number of patients with detected arrhythmia of
interest, expressed as a percentage For example, the studied
type of arrhythmia was detected in 7 patients; 2 of them
recorded arrhythmia only during one 24-hour interval of the
total observation period. Thus, the percentage of PN1-positive
number of patients will be 28.5 %;

— PN1 negative number of patients — number of patients
who did not have the arrhythmia of interest registered within
at least one of 24-hour intervals, but had it documented on
other days;

— PN1 negative number of patients, % — a proportion of
patients with at least one 24-hour interval free of the arrhythmia
of interest, to the total number of patients in whom this
arrhythmia type was detected, expressed as a percentage. For
example, a given type of arrhythmia was detected in 8 patients,
5 of them had a day when this type of arrhythmia was not
registered. The percentage of PN1-negative number of patients
will be 62.5 %;

— PD24 — a probability of detection of the arrhythmia of
interest in case the study would have covered a 24-hour interval
only. For each patient, this value was calculated as a proportion
of the number days when arrhythmia was detected, to the total
number of days in the observation period, and expressed as a
percentage. For example, if arrhythmia is identified in 3 out of
6 24-hour intervals (a 6-day monitoring), PD24 will be 50 %;

— VC — a variation coefficient, a non-uniformity index,
calculated as aratio of standard deviation of arrhythmias number
in each observation day to their daily average in a given patient.

RESULTS

Results of data analysis obtained during the continuous long-
term ECG Holter monitoring, are presented in the table below.

Using the quantity criteria listed above the advantages
of long-term ECG recording over a standard 24-hour Holter
were demonstrated. As the table suggests, the standard 24-
hour ECG monitoring can fail to detect potentially dangerous
arrhythmias.

When summarizing the results of all arrhythmia cases
analyzed in this work, the following mean values were obtained.
The probability of detecting an arrhythmia within a 24-hour
surveillance was 51.4%, compared to long-term observations.



Parameters of detection various arrhythmia types in a long-term surveillance
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Sinus .
. ) . Paroxysmal Second Paired and . Mean values for
Supraventricular | Single ventricular . pause . Ventricular h
Parameters supraventricular degree group ventricular ) all arrhythmia
extrasystoles extrasystoles . over tachycardi

tachycardia 2.5 sec AV block extrasystoles types
Number of patients
with a given type of 27 26 15 3 3 13 5 -
arrhythmia
PN1 p_osmve number 0 5 7 5 1 8 3 ~
of patients
PN1 positive number 0 77 46.7 66.7 33.3 615 60 39.4
of patients, %
PN1 n‘egat|ve number 3 15 13 2 3 12 5 _
of patients
PN1 negative number 11.1 57.7 86.7 66.7 | 100.0 923 100.0 735
of patients, %
PD24, %, mean valu 98.4 71.2 39.8 29.4 55.6 33,2 31.9 51.4
VC, mean value 61.4 106.7 181.8 203.3 147.5 198.5 199 156.9

Arrhythmia was detected in only one 24-hour interval of the
total observation period in 39.4% of cases. In 73.5% of cases
there was at least one 24-hour interval when arrhythmia was
not present.

A mean value of arrhythmia variation coefficient was 156.9,
which is 5 times higher than a standard threshold value for a
uniform distribution.

Examples illustrating the uneven distribution of arrhythmia
episodes between different days are presented below.

Patient S., 46 years of age, male, sought medical advice
with a cardiologist at Regional Clinical Hospital no.1. The
patient complained of sudden palpitations which lasted from
several seconds up to several minutes and occurred once or
twice a week, mainly in the evening or at night. The patient had
had those symptoms for about a year. In spite of the fact that
except palpitations no other symptoms were present, those
episodes caused a considerable psychological discomfort for
the patient. The cardiologist suspected ventricular dysrhythmia.
Shortly before that the patient had undergone a 24-hour Holter
that only registered singular supraventricular extrasystoles. We
conducted a 7-day Holter monitoring. During the analysis of a
4th day record, a single episode of paroxysmal superventricular

14358 28022015 N N N 5 5 5 5 5

tachycardia was detected with the heart rate of up to 145
beats per minute and the duration of 5 seconds (Fig. 1), which
matched the patient's subjective sensations. It was the only
episode within a 7-day observation. As a result, it was proved
that arrhythmia episodes in this patient were of low risk, which
made it possible to cancel the aggressive antiarrhythmic
treatment planned before.

Patient L., 32 years of age, male, sought medical advice
with a cardiologist at Regional Clinical Hospital no.1. The patient
complained of periodic short dizzy spills and presyncopes that
occurred approximately once a week. On the 6th day of a
7-day monitoring the patient suddenly felt intense dizziness,
which coincided with the episode on the tape consisting of two
consecutive sinus pauses of 2.8 and 3.1 seconds long (Fig. 2).
This episode of sinus node suppression was a single indication
of bradycardia over the whole 7-day recording. The patient was
referred to surgeons to decide on the pacemaker implantation.

Patient P., 62 years of age, female, sought medical advice
with a cardiologist at Regional Clinical Hospital No 1. The
patient complained of periodic short sudden anxiety episodes,
palpitations, chest discomfort and pressure unrelated to physical
exercise. Those episodes had been present for several months
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Fig. 1. A single episode of paroxysmal supraventricular tachycardia on the 4th day of the 7-day observation

81352 W ha 2015 N (1.636) N [1.4+43)

-

e R

P 2,8:22]

fiEmSanas anas EasiE

N}VJL

P {3.1=20) M [1.8°33) N [1.5%40)

L S

Fig. 2. Subsequent sinus pauses of 2.8 and 3.1 sec resulting from sinus node suppression
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Fig. 3. A single episode of paroxysmal ventricular tachycardia on the 4th day of the 7-day study

and occurred once or twice a month, but became more frequent
(2-3 times a week) by the time of the consultation. To exclude a
cardiovascular disease, a 7-day monitoring was conducted. A
single episode of ventricular tachycardia was documented on
the 4th day of the observation (fig. 3), confirmed by the patient’s
complaints. The patient was referred to a cardiologist to decide
on the appropriate antiarrhythmic therapy.

DISCUSSION

Different authors have shown that longer observation periods
increase the informative value of ECG monitoring. Increased
observation duration was achieved by different means and in all
cases resulted in a higher informative value of the examination.
However, less attention was paid to investigating of how uneven
the inter-day arrhythmias distribution is. We believe that the
data we obtained prove that in patients with infrequent clinical
symptoms of heart dysrhythmias, the inter-day distribution of
arrhythmias is significantly uneven. Cases of total absence of
the studied arrhythmias over a period of several observation
days and cases of dysrhythmias recorded only in one 24-hour
interval of the whole observation period make up quite a big
proportion. Such distinct unevenness points to a very high
probability of false positive diagnostic results within this group
of patients in case if only a one-time 24-hour Holter monitoring
is performed.

Longer (up to 7 days) observation increases the probability
of detecting various arrhythmias. The results of this study
suggest that the above-said is true not only for paroxysmal AF,
but for other arrhythmias as well. Still, a longer surveillance is
more expensive as compared to a 24-hour observation, which
is the reason why a 7-day monitoring cannot be recommended
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ECG-BASED BIOMETRIC IDENTIFICATION: SOME MODERN APPROACHES
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The uniqueness of electrical activity of every human heart prompts us to use the ECG as a biometric parameter in various
security and authentication systems as it is easy and cheap to extract the signal and difficult to fake it or obtain nonconsensually.
At the moment various approaches to researching a possibility of human identification by ECG are used. Identification
mode includes the following stages: data collection, procession, feature extraction, classification. Researchers use different
mathematical algorithms at every stage: principal component analysis, wavelets, neural networks, etc. This article reviews the
most significant studies of ECG based human identification and compares their results and accuracy of conceptual approaches.

Keywords: ECG, identification, classification, biometrics

Correspondence should be addressed: Artem Astapov
Moscow Institute of Physics and Technology, REC (Biopharmaceutical Campus), Laboratory of Medical Instrumentation Engineering;
Institutskiy per. 9, str. 7, Dolgoprudny, Moscow oblast, Russia, 141700, artem.astapov@phystech.edu

Received: 07.12.2015 Accepted: 31.12.2015

BUOMETPUYECKASA UAEHTUOUKALLUA, OCHOBAHHAS HA 3KTI': HEKOTOPDIE
COBPEMEHHbDIE noaxoAabl

A. A. Actanos'™ [1. B. dasbigos?, A. V1. Eropos’, [. B. Oposnos?, E. M. MyxoBckuiA'

' Tabopatopusi MEAULIMHCKOTO NPUBOPOCTPOEHMA,
MOCKOBCKUIA (OUBUNKO-TEXHUHECKUI MHCTUTYT (FrOCYAapPCTBEHHbIN yHMBEPCUTET), MOCKOoBCKasa obnacTb, LonronpyaHbiii

2000 «Anstomenuka», Mockea

YHUKaIbHOCTb 9MEKTPUHECKOW aKTUBHOCTY CepaLia KaKaoro YenoBeka noby)kaaeT 1Cnofb30BaTh dMeKTPOoKapanorpaMmMy
B Ka4yecTBe BMOMETPUHECKOro napaMeTpa B pasfndHbiX cUcTeEMax 6e30MacHOCTU 1 ayTeHTU(NKALMM B CBSI3W C NIErKOCTLIO
N OELLEBM3HON U3BMNEYEHNSI CUMrHaNA, a TakKe CIIOXKHOCTLIO ero Mofaenky 1 HefobpoBONBHOIO M3BneYeHrs. Ha gaHHbIn
MOMEHT MPVIMEHSIIOT PasnnyHble MOAXOb! K MCCeA0BaHNIO BOSMOXHOCTIN NaeHTUVKaLmn Yenoseka no KT, Pexxum naex-
TUbnKaummn BKoHaeT B cebsi crnenyrolive ctagun: coop AaHHbIX, 06paboTKa, U3BMeYeHe XapakTepHbIX MPU3HaAKOoB, Kiac-
cudbvKaLms. Ha Kaxkaoom 13 9T1X aTanoB rpynnbl UCCNeaoBaTeNen UCMobayoT pasuyHble MaTeMaTudeckme anropuTMbi:
METO/, MMaBHbIX KOMMOHEHT, BEMBNETbI, HEMPOHHbIE CETU U T. M. B cTaTbe paccMOoTpeHbl Hanbonee 3HauMble CCneaoBaHuis
B o6nactu naeHtndrkauum Yenoseka no 9K, MNpoBeaeHo cpaBHeHVe PesynsTaToB Y TOHYHOCTN KOHLIEMTyasbHbIX MOAXOA0B.

KnioueBble cnoBa: OKI, noeHTudvKauys, knaccudukaums, bromeTpus
><] Ans koppecnoHaeHumMn: ApTemM AniekcaHgposuy AcTanos
M®TN, HOL, (Brodapmkopmnyc), nabopaTopus MEAULIMHCKOrO MPMOOPOCTPOEHUS;
141700, MockoBckas 06nacTb, . JonronpyaHbii, VIHCTuTyTckun nep., A. 9, cTp. 7; artem.astapov@phystech.edu

Cratbsi noctynuna: 07.12.2015 Ctatbs npuHsTa K nevatu: 31.12.2015

In this era of technological infrastructure, security issues are
particularly important. Growing industries, network integration,
a rapid development of information technologies urge us to
search for new identity-based means of data protection.

Applications often need to identify a person: to match un
unknown individual to a known identity from a database, to
perform a “one-to-many” comparison, to verify an individual,
i.e. to check if he is the person he claims to be, to perform
a “one-to-one” comparison against a specific template. Such
tasks can be found everywhere: from computer systems to
systems that grant access to closed or corporate facilities. The
identification of family members in their daily life also presents
a particular interest.

Traditional password-based and identification systems have
a number of flaws. A password can be forgotten or elicited, and
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such systems are easy to hack. One needs to always carry
the identification key around, which is inconvenient. There are
chances that the intruder can get hold of your password or
a physical identifier. Besides, a person cannot be identified
without any specific physical carrier. Together, all those factors
prompt us to look for new approaches to the problem.

Biometrics (life measurement in Greek) refers to a system
of human identification based on one or more than one
physiological or behavioral traits [1]. Various physiological or
behavioral characteristics can serve as biometrics if they more
or less satisfy the following criteria: universality; uniqueness;
permanence; measurability; performance; acceptability;
circumvention (ease of use of a substitute) [2].

Currently the following biometric characteristics are
used: fingerprints, face, iris, hand geometry, voice, DNA,



facial thermogram, signature, gait, labial form, etc. [3-12].
The advantages and disadvantages of these characteristics
are related to the criteria listed above [13]. For example, it
is almost impossible to make a mistake with a DNA-based
identification or verification, and the samples can be used in
forensics; however, this method requires special laboratory
equipment. The same is true for fingerprints: though the reader
can be quite miniature in comparison to a device used for a
DNA-based detection, fingerprints can change with time or be
affected by other factors. Thus, the use of various biometric
identifiers is dependent on the goals, limitations and resources
within a specific task.

Recently, scientists have focused their attention on the
development of a new type of biometric recognition, namely
on the electrical activity of the heart, a human physiological
trait. Specifically, the ECG is becoming an adequate mean
for a medium level protection in applications since it is easy
and cheap to extract the signal and difficult to fake it or obtain
nonconsensually. It is worth noting that the uniqueness of the
ECG is a sum of various physiological factors such as heart
anatomy, weight, gender, chest size, age, health, etc. Thus,
with age or affected by a disease, the heart electrical activity
changes, and it is not reasonable to use the ECG as a long-
term biometric parameter. For example, Bionym, a Canadian
company, has announced the development of the Nymi band,
an electronic device that will record a user's ECG every day,
verify him and grant him access to certain infrastructure
objects (a mobile phone, a computer, a hotel room, a car,
etc.). For identification purposes, the ECG is most likely to be
used while working with databases, as the advancement of
telemedicine technologies allows storing huge data arrays,
including patients’ ECG records. If an operator or a doctor
fills in patient data incorrectly (mistypes a family name, date of
birth, etc.), the identification of such records can contribute to a
more accurate observation of the course of a disease.

Another possible field of application can be found with a
small fixed number of users of certain ECG recorders: for
example, in various medical institutions for the sake of
convenience patients will only need to record an ECG, and
the identification system will determine whose record it is.
With identification, using ECG recorders at home will be
easier; gadgets in the form of mobile telephone cases have
already appeared on the market. They can record patient’s
heart electrical activity and send it over to a doctor via Internet.

The main principles of building a biometric identification
system and different approaches to the ECG-based
human identification are reviewed below. The diversity of
mathematical tools is described. The results of basic research
works are presented.
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Fig. 1. ECG feature combination: (Biel et al., 2001)
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ECG signal formation

Electrocardiogram is a time curve of a total electrical potential
occurring in a heart muscle due to the flowing of ions through
a muscle membrane [3]. IECG recording is one of the most
common tools used for the diagnostics of cardiovascular
disorders due to its high informative value and accuracy.

In cardiology, the ECG is often measured in several
leads that carry information about the potential difference
between the two points of the heart electric field, using
electrodes. Each of the leads reflects the condition of a certain
region of the heart muscle.

Basic principles of building EGG-based human
identification system

The identification process includes the following stages:

— initial data collection;

— signal pre-processing (filtration etc.);

— extraction of typical features, their procession and

template creation;

— comparison of a submitted template with previously

enrolled templates in a database.
After that, an identification decision is made using various
classification algorithms.

The most difficult task with identification is to select those
features that are truly characteristic of a studied object. This
particular area offers broad opportunities for experimenting with
various approaches. The main idea is that a plurality of such
features (descriptors) forms a vector that can be compared to
other vectors using various mathematical methods.

There are approaches based on the extraction of such
features as amplitudes, angles, vertical and horizontal
constituents of ECG signal segments [15, 16].

Another approach is related to the extraction of analytical
properties presented by signal decomposition coefficients in
various bases, such as Fourier coefficients [17], wavelets, linear
prediction coefficients [18], etc.

On this stage of the identification process, standard
methods of classification are used. The simplest is the “nearest
centroid” method. It labels a new input feature vector as the
class that gives a minimal distance to the class centre. Another
common approach is the “k-nearest neighbours” algorithm; it is
based on assigning an object to the most common class among
its neighbours. For recognition, support vector machines and
neural networks are also used [19].

Comparison and results

One of the first scientific works that demonstrated the
possibility of using the ECG for identification purposes, was
an article by Lena Biel et al. [15] In the experiments with 20
healthy subjects it was shown that for a quality ECG-based
identification 1 lead instead of 12 standard leads is sufficient.

As a basis for the ECG signal analysis, 30 signal features
characterizing its form were chosen. These features are
normally used for medical diagnosis. Their correlation with
each other was analyzed, which helped to reduce the total
number of features and to select those most specific for each
individual. A set (vector) of 8 features (variables) characterizing
(classifying) each individual was considered the most
successful combination (Fig. 1). To account for the variability
of feature changes, the sample data were obtained from each
participant at different times.
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For identification, the so-called SIMCA method (Soft
Independent Modeling of Class Analogy) was applied. It is widely
used in chemometrics for spectroscopic data classification.
It also allows working with a large number of features [20].
Classification tasks and algorithms and identification tasks
often overlap, if we treat an object chosen for identification as
a class.

The first step in SIMCA is a more common PCA (Principal
Component Analysis), which in its essence is a mathematical
tool for reducing data dimensionality or data compression [21].
Transforming a large number of variables to a new
representation with considerably lower dimensions makes it
possible to simplify data by orders of magnitude, for example,
to reduce 1000 variables to 100, with no data loss and no
variables being ignored. At the same time, the data which are
irrelevant for the analysis are detected and removed as noise.
Being discovered, principal components give an indication
of hidden variables controlling data structure. Thus, an ECG
feature space distinguishing an individual is projected on the
principal components direction, which in that particular work
was a plane, where each point is related to an individual, or a
class in mathematical terms. In this space classification can be
performed.

After building a PCA-decomposition, SIMCA is used to
calculate the distance between classes as well as the distance
from each class to a new object. Two values are used as
such metrics. The distance between an object and a class is
calculated as a root mean squared residual, occurring when
projecting the object onto the class. The other value defines
the distance from an object to a class centre and is calculated
as the range (squared Mahalanobis distance). In this space a
classification rule is set up and identification becomes possible.

In Biel's work, the results of human ECG-based identification
depended on a number of ECG features selected for the
research. In average, the scientists accomplished 49 correct
identifications out of 50.

Another study was performed by Steven A. Israel et al. [16].
They established that the psychological state of the subjects
did not affect the outcome of the identification process.
Interestingly, that the authors used LDA (Linear Discriminant
Analysis) as a method for reducing the space of the studied
parameters. The efficiency of LDA compared to Principal
Component Analysis, as well as the combination of both, was
studied by Y. Wang et al [22].

In his work Y. Wang also used coordinate ECG parameters
(amplitudes, angles and distances) as a basis for classification.
However, the alignment of each complex by the R-peak was
this work’s distinctive feature (Fig. 2).
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Fig. 2. A signal aligned by R-peak: (Wang et al., 2006)
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DA is one of the oldest statistical methods [23] and is used
for finding linear combinations of features that best discriminate
two or more objects. Like PCA, it is commonly used as a
classifier or for dimensionality reduction. Initially, Y. Wang
investigated, which of the two following simple classification
methods was more efficient as an algorithm for reducing the
number of ECG signal properties: the k-nearest neighbours (a
class of a classified object is the most common class among
k-nearest neighbours) and the nearest centroid method (the
closer a classified object is to a “gravity centre” of a group of
objects belonging to a known class, the higher is the probability
that it belongs to this class). It was shown that the best result
can be achieved by using Principal Component Analysis with
the k-nearest neighbours. Using a hierarchical combination
of LDA and PCA, Y.Wang achieved a 98.9 % accuracy in
recognition. 13 volunteers participated in the experiments;
identification was performed more than once at different times
and under different conditions.

Methods based on the extraction of analytical properties
and neural network classification present a particular interest.
In 2010 a study was conducted by a group of scientists led by
Justin Leo Cheang Loong [18]. ECGs with one chest lead were
recorded in 15 subjects. Two bases were chosen as algorithms
for the analytical ECG signal representation and for comparison
of their performance with each other, namely wavelets and
coefficients of linear prediction.

A basis for the wavelet packet decomposition algorithm
(WDP) is a wavelet, a term introduced by A.Grossman and
J.Morlet in the mid 1980s in the context of feature analysis of
seismic and acoustic signals [24]. Wavelet transform based
algorithms are also used for electrocardiogram analysis.
A wavelet transform is a tool that splits data into different
frequency components. Each frequency is then studied with
a required resolution. Thus, a wavelet transform is a tool for
time-frequency localization of signal features. Among the
advantages of WPD are a high decomposition rate, universality
and a possibility to alter the decomposition level. However,
this method cannot be automated. For best decomposition it
is necessary to manually analyze several WPD levels. Another
drawback is related to the core of wavelet analysis: a necessity
to choose a basis wavelet depending on the character of initial
time series.
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Fig. 3. The LPC spectrum of different subjects (Loong et al., 2010).



J. L. Ch. Loong et al. subjected a signal to a 5-level wavelet
packet decomposition using the db2 (Daubechies wavelet) and
obtained overall 50 parameters that were used as a feature set
for identification.

The Linear Predictive Coding (LPC) is normally used to model
different parameters of human speech transmitted instead of
samples or sample differences that require a larger bandwidth
[14]. LPC algorithms are traditionally used for studying the vocal
tract signal, i.e. for the analysis, recognition and procession
of human speech. LPC coefficients allow predicting signal
feature values as a linear function of previous segments. For
ECG-based identification, the signal was processed using LPC
algorithms. The first 40 points of the LPC spectrum were taken
as a feature set for further research. Figure 3 shows ECG LPC
spectrum differences in 4 subjects.

As a classifier, an artificial neural network (ANN) was used as
a classifier after applying the error back propagation algorithm.
The idea of ANN originated from an attempt to describe the
processes of information perception in human brain. Like
human brain, the ANN consists of neurons, multiple elements
that are connected to each other and imitate brain neurons. A
basic structure of this network is shown in figure 4.

Each neuron in a neural network transforms input signals
into output signals and is connected to other neurons. Input
neurons form the so-called neural network interface. Data input
to a neural network is performed through the input layer that
receives signals. All neural network layers process signals until
they reach the output layer that generates output signals.

The ANN task is to transform data in a required way. For that,
the network needs to be trained. During the training process,
ideal (reference) values of input-output pairs or “teachers” are
used. The “teacher” evaluates the behaviour of the neural
network. For training the so-called training algorithm is used.
The untrained neural network cannot imitate the anticipated
behaviour. The training algorithm modifies individual neurons
of the network and its connection weights in such a way, that
its behaviour matches the expected performance. The main

Summary of ECG based human identification results reviewed in this work
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Input signal Output signal

1. Hidden
layer

2. Hidden
layer

Output
layer

Fig. 4. Neural network structure

idea of the method applied in that study is that error signals
propagate reversely from the network output to its input while
in the standard operation mode the signals propagate from the
input to the output. The LPC algorithm showed better results
against the WPD method with the recognition accuracy of
99.5 % and 91.5 % respectively [18].

CONCLUSIONS

The possibilities of human ECG-based identification have not
been sufficiently studied so far. However, research in this area
is actively pursued at the moment. The increasing number
of such experiments all over the world gives us the reason to
consider the electrical activity of the heart a very prospective
research object. Different approaches to extracting individual
parameters of ECG receive the most attention; uniform
standards and effective methods are yet to be developed.
However, the inspiring results obtained in previous studies hold
promise for future development in this area.

Study Numper of ECG features Data procession Classifier Result %
subjects type (number) algorithm
L. Biel, et al. ECG Analysis: PCA (Principal SIMCA (Soft 98,00
A New Approach in Human 20 signal form features (8) Component AnZI sis) Independent Modeling (49 correect
Identification [15] P Y of Class Analogy) identifications of 50)
PCA (Principal K-NN («k-nearest 95.55
Y. Wang, et al. Integrating Component Analysis) neighbours») ’
Analytic and Appearance K _ B
Attributes for Human 13 signal form features (15) Discr:;nDiﬁa(rl;;n/-(\e:;I sis) ) r':le'\il %E&?::?St 93.01
Identification from ECG y 9
Signal [22] LDA/PCA hierarchial K-NN («k-nearest
) . 98.9
algorithm neighbours»)
J. L. Ch. Loong, et al. A New . WPD (Wavelet Packet
Approach to ECG Biometric analytical features (50) Decompositior) neural network 91.52
Systems: A Comparitive 15 - e
Study between LPC and analytical features (40) LPC (Linear Predictive neural network 99.52
WPD Systems [18] Coding)
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SURFACE PHENOTYPE OF BLOOD LYMPHOCYTES IN CHILDREN WITH
MEDIUM AXIAL MYOPIA IN THE PRESENCE OR ABSENCE OF SECONDARY
IMMUNODEFICIENCY

Khamnagdaeva NV'®, Semenova LYu', Obrubov SA?, Salmasi JM', Poryadin GV', Rogozhina V3, Kazimirskii AN’

' Faculty of General Medicine, Department of Pathophysiology and Clinical Pathophysiology,
Pirogov Russian National Research Medical University, Moscow, Russia

2Faculty of Pediatrics, Department of Ophthalmology,
Pirogov Russian National Research Medical University, Moscow, Russia

8 Diagnostic and Consultative Unit,
Children’s Medical Centre of the Administrative Directorate of the President of the Russian Federation, Moscow, Russia

Investigating the role of secondary immunodeficiency in the development of myopia in children is a promising research area. We
studied the surface phenotype of blood lymphocytes in healthy children and children with medium axial myopia in the presence
or absence of secondary immunodeficiency clinical manifestations. The mean age of study participants was 16 + 0.25 years.
The control group and each of the two experimental subgroups included 8 children. Using indirect immunofluorescence, the
expression of CD3, CD4, CD8, CD16, CD56, CD20, CD72, CD38, CD25, CD71, HLA-DR, CD95, CD54, migM, migG, ICAM-
1 antigens was studied. For children with myopia and secondary immunodeficiency, only one statistically significant (p <0.05)
difference from the control group was detected, namely, a reduced expression of CD4 antigen. For children with myopia and
without secondary immunodeficiency, a statistically significant (p <0.05) increase in CD20 antigen expression and a reduced
ICAM-1 antigen expression were observed.

Keywords: nearsightedness, myopia, medium axial myopia, secondary immunodeficiency, lymphocytes, lymphocyte surface
phenotype, antigens
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HOBEPXI-!'OCTHbII'/'I ®EHOTUN AMMOOLIUTOB KPOBU Y AETEM C OCEBOM
MUONUEN CPEAHEW CTENEHW NPU HAAMMMU U OTCYTCTBUU
BTOPUYHOIrO UMMYHOAE®ULIUTA

H. B. XamHarpaesa'™ J1. KO. CemeHoBa', C. A. O6py6or?, K. M. Canmacwu’, I. B. MNopsaunH!, V1. B. PoroxunHa®, A. H. Kasummpckuin!

"Kadhenpa natohnanonorim 1 KNMHUYeCKon natouranonorum, nedebHblin dhakynsTeT,
Poccumckinin HaumoHanbHbIN MCCNeaoBaTenbCKUN MeaNLMHCKUN yHBepCcuTeT nMmenn H. V. Minporosa, Mockea

2Kacbenpa odpransMonorin, NneanaTpuyHeckmii haxynsTer,
Poccumnckinin HaumoHanbHbIn MCCNeaoBaTenbCKUN MeaNUMHCKUN yH1BepCcUTeT nMmenn H. W. IMNinporosa, Mockea

3 KoHCynbTaTBHO-OMarHOCTUYeCKOe OTAeNeHE,
Letcknin MegnumHCKNn LeHTp Ynpasnenus genamu MNpeangeHta PO, Mockea

V3yveHre BIMSAHMSA BTOPUYHOIO MMMyHOAeMMLMTA Ha pasdBuTe BAM30PYKOCTU Yy OETEN — MEPCNEKTUBHOE HamnpasneHne
1ccnegoBanHvin. Hamm Bbin ndydeH MOBEPXHOCTHBIN (heHOTUM NMMAOLIMTOB KPOBM Yy 3A0POBbIX OETEN 1 AETEN C OCEBOW
MW1OMMEN CPeOHEN CTEMEHV MPU HAMHYUL 1 OTCYTCTBUN KITMHUHECKNX MPU3HAKOB BTOPUHYHOIO UMMyHoAedvumTa. CpenHuin
BO3PAaCT Y4aCTHUKOB UCCNERoBaHusa cocTtaBun 16 + 0,25 roga. B KOHTPOABHYIO rpynny v B KaXKAYKO U3 ABYX OMbITHBIX MOA-
rpynn Bktounav no 8 aeten. aydann skcnpeccuo aHtureHos CD3, CD4, CD8, CD16, CD56, CD20, CD72, CD38, CD25,
CD71, HLA-DR, CD95, migM, migG, ICAM-1 MeTonoM HenpaMown UMMyHodtoopecLeHUmn. [na aetei ¢ 6am3opyKoCTbiO
BTOPW4HBIM MMYHOAEMULINTOM BbISBUN L OQHO AOCTOBEPHOE (P <0,05) 0Tnm4dve OT nokasaTenen KOHTPObHOW rpyn-
Mbl — CHVDKEHHYIO akcnpeccuto aHTureHa CD4. [Ing aetent ¢ 6am3opyKoCTbio 1 663 BTOPUHYHOTO MMYHOAeMULITA OTMETUN
noctoBepHoe (p <0,05) ycunerue akcnpeccumn aHtureHa CD20 1 cHbkeHve akcnpeccun anTureHa ICAM-1.

Knto4yeBble cnoBa: 6/M30PYKOCTb, MVMOMNS, OCEBAst MVUOMUS CPEAHEN CTEMEHWN, BTOPUYHBIN MMMYHOOEMDULINT, NMMAOUNTI,
MOBEPXHOCTHBIV PEHOTUM IMMAPOLUTOB, aHTUMEHDI
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Myopia is not only the most common type of refractive error, but
is also ranked first in the general structure of ocular pathology
[1]. The prevalence of myopia is growing. According to available
data, myopia of varying degrees affected approximately 1.6
billion people worldwide in 2000. This figure is expected to in
crease to 2.5 bilion by 2020 [2]. It is important to note that
prevalence of the disease among children [3, 4] is growing,
and progression of the disease is often observed in school
children [5, 6].

Myopia is considered a polyetiological disease, but some
of its causes are not yet fully studied. Studying the role of
immune disorders in the development of myopia is a promising
research area [5-9]. Children with myopia have clinical signs of
secondary immunodeficiency more often than their peers with
other types of clinical refractive errors [5, 7-9].

Our study aims at investigating the surface phenotype of
blood lymphocytes in children with emmmetropia and medium
axial myopia, with or without clinical signs of secondary
immunodeficiency.

METHODS

The study was conducted in 2013-2015 and featured 24 school
children in Moscow aged between 10 and 18 years (mean age
of 16 + 0.25 years): 16 boys and 8 girls. The control group
included 8 children (16 eyes) with emmetropia without chronic
diseases but with incidence of acute respiratory infections (ARIs)
for less than five times a year. The experimental group consisted
of 16 children (32 eyes) and was divided into two subgroups.
The first subgroup (Group I) included 8 children diagnosed with
medium axial myopia and clinical signs of secondary immune
deficiency (SID). These children were observed with increased
incidence of ARIs (more than 7 times a year). The exclusion
criterion was the presence of autoimmune diseases. The
second subgroup (Group ll) included 8 children with medium
axial myopia, but without clinical signs of SID and with incidence
of ARls for less than five times a year and absence of ARlIs for
two months prior to the study. The diagnosis was verified at the
Diagnostic and Consultative Unit, Children’s Medical Centre of
the Administrative Directorate of the President of the Russian

Federation, Moscow, Russia. The presence or absence of SID
was determined based on dispensary data.

All the children examined underwent standard ophthalmic
examination, including visometry, (digital chart OAP-250, Carl
Zeiss, Germany), autorefractometry (auto kerato-refractometer
KR-8900, Topcon, Japan), biomicroscopy (SL 120 slit lamp,
Carl Zeiss, Germany), identification of relative accommodation
reserves by Avetisova method [10], and ophthalmoscopy and
echo biometry (HiScan scanner, OPTICON, Italy).

Lymphocytes were separated from peripheral blood
using a one-step Boyum density gradient technique [11]. The
expression of CD3, CD4, CD8, CD16, CD56, CD20, CD72,
CD38, CD25, CD71, HLA-DR, CD95, CD54, migM, mligG,
ICAM-1 antigens was studied using monoclonal antibodies ICO
and LT by indirect immunofluorescence under the Luman [-3
microscope (LOMO, Russia).

The results were statistically processed using software
package Statistica. The statistical significance was estimated
using Student’s test.

RESULTS

The research results are presented in the table. Group | children
(with SID signs) showed reduced expression of CD3, CD4 and
CD8 antigens in comparison with the control group. However,
the difference was significant only for lymphocytes with surface
phenotype CD4* (p <0.05). In Group Il children (with no SID
signs), on the contrary, the number of lymphocytes expressing
CD83, CD4 and CD8 antigens was higher than that of the control
group.

But for all of them, the difference was insignificant.
Differences in expression of CD16 and CD56 antigens identified
for both groups in comparison with the control group was also
not statistically confirmed.

The content of lymphocytes with surface phenotype CD20+
in Group | children was 14.54 + 2.36 %, which is lower than
similar indicator in the group of healthy children (19.87 =+
2.15 %). However, the difference was insignificant. A significant
increase in the expression of this antigen in Group Il children
was observed. The identified differences on lymphocytes with

Lymphocyte count with different surface phenotype in the peripheral blood of children in the experimental and control groups (% of the total lymphocyte count)

Surface markers Group | Group Il Control group
CD3* 39.97 + 2.01 58.47 +1.96 56.33 + 3.35
CD4* 29.81 + 4.38* 44.73 + 4.76 38.03 + 0.87
CD8* 22.66 + 2.49 32.02 + 2.63 26.48 + 0.98
CD16* 19.01 £ 3.12 25.74 + 4.51 23.01 +3.07
CD56* 18.28 + 4.62 19.88 + 3.52 18.06 + 1.65
CD20* 14.54 + 2.36 29.21 £ 2.84* 19.87 £+ 2.15
CD72* 15.08 + 1.63 24.805 + 4.07 19.23 +2.27
CD38* 16.17 + 3.16 25.93 + 5.41 22.89 +2.08
CD25* 1711 £2.13 19.52 +2.22 17.92 + 4.23
CD71+ 18.73 £ 4.14 21.17 +2.99 17.8 +2.84
HLA-DR* 22.27 + 2.06 24.63 + 3.88 21.45+2.20
CD95* 15.88 + 2.68 20.97 £ 2.46 15.73 +1.87
IgM* 10.69 +1.73 27.19 £5.79 15.84 +1.07
1gG* 16.29 + 3.67 20.49 + 3.23 20.49 £ 3.23
ICAM-1+ 6.69 + 0.70 22.905 + 6.42* 11.93 + 1.40

* — p <0.05 compared with the control group.
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surface phenotypes CD72, CD38, CD25, CD71, HLA-DR,
CD95, migM and mIgC were not statistically confirmed.

A significant (p <0.05) decrease in the level of expression
of ICAM-1 antigen was observed in Group Il: number of
lymphocytes corresponding to the phenotype was 6.69 +
0.70 % against 11.93 + 1.40 % in the control group.

Thus, children with medium axial myopia and clinical
signs of SID showed reduced expression of CD4 antigen
when compared with healthy children. In children with the
same diagnosis, but with no clinical signs of SID, there was
a significant increase in the expression of CD20 antigen and
reduced expression of ICAM-1 antigen.

DISCUSSION

Despite the fact that most of the differences revealed were
statistically insignificant, it is undeniable that children with
medium axial myopia and clinical signs of SID tend to have
decreased immunity. Examining a larger number of patients is
most probably required. However, there is reduced number of
major subpopulations of T-lymphocytes and NK-cells in sickly
children compared with healthy children.
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Increased expression of adhesion molecules in children
with myopia can be associated with the action of peroxy
compounds on lymphocytes [12, 13]. It is known that
transretinal — the product of isomerization of cis-retinal in
the light-dependent visual cycle process — activates lipid
peroxidation [14]. Also, myopia is associated with the toxic
effect of peroxide compounds on the sclera and increase in the
longitudinal dimensions of the eyeball [15].

CONCLUSIONS

The trend towards inhibition of expression of the antigens
characterizing lymphocyte subpopulations in myopia in children
with clinical signs of SID shows that the immune system is
involved in the pathological process, and is apparently not
associated with myopia.

Children with medium axial myopia without clinical signs
of SID exhibit elevated blood lymphocytes expressing ICAM-1
antigens in the leukocyte membrane. This may be associated
with production of free radicals, which are generated during
visual act by one of the active metabolites of vitamin A.
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VITAMIN STATUS OF URBAN AND RURAL SCHOOL CHILDREN
AND SPECIFICS OF FREE RADICAL REACTIONS IN THEIR BLOOD SERUM

Setko NP', Krasikov SI?, Bulycheva EV'&d

"lstitute of Professioanl Education, Hygiene and Epidemiology Department,

2Pharmaceutical Faculty, Chemistry and Pharmaceutical Chemistry Department,
Orenburg State Medical University, Orenburg, Russia

The rate of free radical reactions is one of stress markers. The ability of the organism to resist oxidation is determined by various
factors, including vitamin supply. Vitamins A, E, C and group B vitamins directly or indirectly affect the degree of antioxidant
protection. We have studied vitamin supply in school children aged 12 to 17 in urban (n = 250) and rural areas (n = 200) and the
rate of free radical reactions in their blood serum by induced chemiluminescence. Deficiency of vitamins A and E, which have
antioxidant properties, was detected in both urban and rural school children; however, the former had a higher deficiency level.
This corresponds to the chemiluminiscence assay data: all chemiluminescence assay values in urban school children were 2.2-
7.6 times higher than in rural school children, which indicates a higher intensity oxidation in their bodies. A deficiency of group
B vitamins was also detected in rural school children, riboflavin being an exception in a subgroup of 15 to17 year old subjects.

Keywords: vitamin supply, retinol, tocopherol, ascorbic acid, thiamine, riboflavin, pyridoxine, antioxidants, oxidative stress,
free radical reactions, school children
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COAEPXXAHUE BATAMWHOB B OPTAHU3ME FOPOACKUX U CEABCKUX
LLUKOAbHUKOB U OCOBEHHOCTU CBOBOAHOPAAUKAABHDBIX PEAKLIUU
B UX CbIBOPOTKE KPOBM

H. M. Cetko!, C. W. Kpacukor?, E. B. bynbi4esa' &

TKadhenpa rvrvieHbl 1 annaemMmonoriv, VIHCTUTYT NpodeccuoHanbHOro 06pasoBaHms,
OpeHOYprekumii rocy0apcTBEHHbI MEAVLIMHCKIMIA yHBEpcuTeT, OpeHbypr

2Kadenpa xummn 1 hapmaLieBTUHECKOM XMUK, dhapMaLeBTUHECKIIA (haKyLTET,
OpeHbyprcknii rocynapCTBEHHbIN MEANLIMHCKMN yH1BepcuTeT, OpeHOypr

YpoBeHb CBOOOAHOPAANKATTBHbBIX PeakLMii B OpraH1M3me SBASETCS OOHUM 13 MapKepoB cTpecca. CnoCcobHOCTb opraHamMa
MPOTUBOCTOSATb OKUCIUTENBHbLIM MPOLECCaM ONPEaenAeTcs PasnnyHbIMN hakTopamim, B TOM YMCE BUTAMMHHOM 06ecneveH-
HOCTbIO. ButamuHbl A, E, C 1 BUTamMuHbI rpynnbl B MpsiMo M KOCBEHHO BANSIKOT Ha CTEMEeHb aHTUOKCUAAHTHOM 3aLLmTbl. Hamum
Oblna n3yyeHa B1UTaMrHHasa 06ecnedeHHOCTb FOPOACKMX (N = 250) 1 cenbekux (N = 200) WKONbHUKOB B Bo3pacTe 12—17 netn
YPOBEHb CBOOOAHOPAANKASTBHBIX PEAKLMI B X CbIBOPOTKE KPOBW (METOAOM UHAYLIMPOBAHHOWM XEMUTFOMUHECLIEHUMM). dedn-
unT BUTAMUHOB A 1 E, 06ragatoLLyx aHTUOKCUAAHTHBbIMM CBONCTBaMM, Oblf BbISIBAEH Y yHaALLMXCH Kak FOPOACKMX, TaK U CeNbC-
KVX LLKOJT, OOAHAKO Y MEPBbIX OH Obls BbilLEe. OTO COMMacyeTcsi C AaHHbIMU XEMUTIOMUHECLIEHTHOMO aHanM3a: 3Ha4YEHMA BCEX
rokasartener XeMUIIOMUHECLIEHLIN Y FOPOACKNX LUKOSIbHUKOB Obiv B 2,2—7,6 pasa BbllLe, YEM Y CEMbCKMX, YTO CBUOETENMb-
CTBYET O H60s1e€ BbICOKOM MHTEHCUBHOCTU OKNCIUTESNBHBIX MPOLIECCOB B NX OpraHnM3me. Takke Obli1 BbIIBNEH HEAOCTATOK BU-
TaMMHOB rpynnbl B B opraHn3me CenbCKmx LUKOIBHNKOB 3a UCKtoYeHneM pubodnasrHa B BO3pacTHoWM nogrpynne 15-17 neT.

KntoyeBble cnoBa: BUTaMUHHAA 06eCreyeHHOCTb, peTuHon, Tokohepos, aCKOp6I/IHOBaF| Kncnota, TamMuH, pI/I6OCbJ'IaBI/IH,
MNPUOOKCUH, aHTUOKCUOAHTbI, OKUCNUTENBHbBIN CTPECC, CBO60,D,HOpaﬂ,MKaJ'IbeIe peakunn, LKONbHUKN

><] Ans koppecnoHaeHumn: EkatepviHa BnagummposHa Bynbi4esa
460000, r. OpeHbypr, yn. CoBeTckas, f. 6; e-sosnina@mail.ru

Cratbsi nonyyeHa: 25.09.2015 CtaTtbs npuHATa B nedvatb: 09.12.2015

Change in parameters of homeostasis, particularly the level of
free radical reactions in the body, may indicate stress in modern
school children studying in urban and rural schools [1-5]. It
has been established that in stress, neurohumoral regulation
systems are activated under the influence of a "primary
mediator" [6]. Free radicals and lipid peroxidation products [7]
are act as primary mediators.

Change in redox balance triggers protective and adaptive
reactions in the body, which involve antioxidant vitamins [8].
Vitamin A (retinol), E (tocopherol) and C (ascorbic acid) are the
classical antioxidants [9-12].

In particular, tocopherol is the universal protector of
cell membranes, preventing oxygen from contacting with
unsaturated fatty acids of membrane lipids and lipid peroxidation.
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Due to the presence of double bonds in the molecule, retinol
can react with various reactive oxygen species. The antioxidant
function of ascorbic acid is due to its ability to easily give two
hydrogen atoms required for neutralization of free radicals. This
vitamin is very effective in high concentrations [13]. B vitamins
may have indirect influence on free radical oxidation and
antioxidant system. This assumption is based on the fact that
the body’s antioxidant system consists of various protective
mechanisms [14]. These include superoxide dismutase,
catalase, peroxidase, and other enzymes. Proper amino acid
metabolism, including metabolism regulated by thiamine
(vitamin B,), riboflavin (vitamin B,) and pyridoxine (vitamin B)) is
important for these enzymes.

The study aims at conducting a comparative analysis of the
vitamin status of urban and rural school children with levels of
free radical reactions in their blood serum.

METHODS

Two experimental groups were created. The first group
included urban school children living in the city of Orenburg
(n = 250), while the second group consisted of school children
living in villages located in Orenburg region (n = 200). Subgroups
— 12-14 year olds (n = 150 and n = 100 among urban and
rural school children respectively) and 15-17 vyear olds
(n=100 in both groups) — were marked out from each of the two
experimental groups. The study included school children aged
12-17 years, who have no chronic diseases, have not been
sick for a month before the study and residing in an area with
the same anthropogenic load (within the group). The exclusion
criterion here was unwillingness by the children or their parents
to participate in the study. The Ethics Committee of Orenburg
State Medical University approved the study. The parents of the
school children gave a written consent for the participation of
their children in the study. The samples for the study in the two
groups were obtained simultaneously in three months after the
children have commenced classes at the school.

Venous blood and urine were the biological material for the
study. Blood was collected in the morning before the children
could take their breakfast. 10 ml of blood was collected in
Vacuette (BD, USA) vacuum tubes without an anticoagulant.
[t took 2 hours to deliver the blood samples to the lab.
Transportation and storage was carried out at a temperature
of 18-25 °C. Urine was collected in the morning after sleep or
no earlier than after 2-3 hours after the previous urination. The
urine samples (not less than 20 ml in volume) were collected
in dry sterile vials. Transportation and storage took 3 hours.
The biomaterial was transported and stored at a temperature
of 18-25 °C.

I[ron-initiated chemiluminescence was used to assess the
level of free radical reactions in the blood serum. After collecting
blood, it was held for 30 minutes and then centrifuged at 1500
rom for 15 minutes. The resulting serum was diluted with
phosphate buffer (2.72 g KH,PO, and 7.82 g KClI in 1 liter
of distilled water, pH 7.4). The resulting solution was titrated
with saturated KOH solution until pH 7.45 was achieved.
Chemiluminescence registration was performed according to
Farkhutdinov technique [15] on Chemiluminometer-3 device
(Lumex, Russia). The sensitivity of the device is about 200
photons/sec. The device was calibrated before commencement
of work on reference light source (luminescent uranium glass
JS-19). The maximal intensity of the fast signal, lightsum of the
slow signal (S) and the tangent of the backside angle of the
chemiluminescence signal were determined. Indicator values
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were given in relative units, having calculated their ratio for
experimental and blank control samples.

The level of excretion of B vitamins and vitamin C in the
urine and the content of vitamins A and E in the blood serum
were examined.

Analysis of specimens for the presence of retinol and
tocopherol was performed using bioliquid analyzer Fluorat
02-ABLF (Lumex, Russia). In preparing the samples, 1 ml of
blood serum and 1 ml of ethanol were placed in one tube for
centrifugation, while 1 ml of distilled water and 1 ml of ethanol
(calibration pattern) were placed in the other tube. Both tubes
were shaken in Vortex apparatus for 30 seconds after which
5 ml of hexane was added and again shaken for 1 minute.
After shaking the tubes, they were centrifuged for 10 minutes
at 1500 rpm. The separated hexane layer (extract) was used
for fluorimetric analysis. Content of vitamin A or E (X, ug/ml) in
the blood serum was calculated using the formula:

C xV xQ
X: n3am 3 s
\Y

C

where Cvit is vitamin concentration in the extract (measured
in ug/ml); VE is the extract volume (measured in ml); Vc is the
blood serum volume taken for analysis (measured in ml); Q is
the coefficient reflecting extract dilution.

Content of ascorbic acid and B vitamins was determined by
the level of their excretion in urine. Visual titration with Tillman’s
reagent (2,6-dichlorophenol sodium) was used for vitamin C.
10 ml of urine, 10 ml of distilled water and 1 ml of 10 % HCI
solution were measured in two conical flasks. The contents
of each flask was stirred and titrated with 0.001 N solution of
Tileman’s reagent until pink color appeared and remained for
30 seconds. Vitamin C content (X, mg/h) was calculated by
the formula:

X:OD%EAXB

where 0.088 is the coefficient reflecting the amount of
ascorbic acid, which is equivalent to 1 ml of 0.001 N solution
of 2,6-dichlorophenol sodium (measured in mg); A is the
arithmetic average of results of titration of 0.001 N solution of
2,6-dichlorophenol sodium of two urine samples (measured in
ml); B is the amount of urine taken for titration (in ml); C is the
average daily amount of urine (1500 ml for boys and 1200 ml
for girls).

Thiamine excretion in the urine was determined by Wang
& Harris technique. Riboflavin levels in urine were estimated by
Maslennikova & Gvozdeva method, while those of pyridoxine
were calculated by fluorimetric method [16].

The actual nutrition by the school children was estimated
based on the meal taken by them in the last 24 hours [17].
This was done using a questionnaire. After that, the biological
values of the diets were estimated using tables of chemical
composition of food products proposed by Skurikhin & Tutelian
[18]. The data obtained were compared with physiological
norms for each age group [19].

The sample size was calculated using Sanetliyev’s formula
(1968):

t?xpxq
X

n=




where n is the number of observations, t is the
confidence coefficient, p is the prevalence indicator,
g = 100 % - p, A is the -confidence interval.

Considering that in medical research, 95% is the minimum
confidence level, which corresponds to a confidence factor t =
1.96, we took p equal to g, i.e. 50 %, in order to maximize the
product of p and g, while 100 % was taken as the confidence
interval. The amount of minimum sample calculated in this way
(ensuring representativeness) was n = 100. Student’s test was
applied with subsequent calculation of significance (p). This was
to identify statistically significant differences in the experimental
groups. The data were statistically processed using software
package Statistica 5.0, which automatically calculated the mean
values, standard deviation and standard error of the mean.

RESULTS

The retinol content and tocopherol content in the blood serum of
urban schoolchildrenaged 12—-14 was less than the physiological
norm (hereinafter compared with a lower bound) by 26.7 %
and 12.8 % respectively, and 20.0 % and 9.8 % respectively
in children aged 15-17 (Table 1). The content of retinol and
tocopherol in the serum of rural schoolchildren was slightly
higher, but also was less than the physiological norm: 6.7 % and
6.8 % respectively for children aged 12-14, and 10.0 % and
9.8% respectively for children aged 15-17. Vitamin C excretion
in the urine of urban schoolchildren of both age subgroups
corresponded with the lower bound of the physiological norm.
In rural children, the figure was 14.8 % and 12.1 % below the
norm for the students aged 12-14 and 15-17 respectively.

The low urinary excretion levels of thiamine compared with
the norm were established only for the rural schoolchildren
in both age subgroups (Table 2). Insufficient urinary excretion
of riboflavin was observed in all the schoolchildren, except
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for rural children aged 15-17 (14.2 + 0.24 mkg/h — matches
the lower bound of the physiological norm). Low urinary
excretion of pyridoxine was observed only in rural children:
in a group of children aged 12-14, vitamin B6 excretion
was by 5.2 % below the norm, 15-17 years — by 6.5 %.

Analysis of the daily diets of the schoolchildren showed that
vitamins A and E were seriously lacking in the diets of urban
and rural school children (Table. 3). In the 12—14-year age sub
group, the content of retinol in their diet was by 88.3 % and
66.7 % below the norm in urban and rural school children
respectively. In the 15-17-year age subgroup, the figures were
78.0 % and 83.0 % respectively. Tocopherol deficiency
was 59.2 % and 71.7 % in urban and rural school children
respectively, aged 12-14, and 66.0 % and 70.7 % for those
aged 15-17 years. Ascorbic acid content in the diets of all
groups was within the norm. Thiamine deficiency was detected
in urban and rural school children aged 15-17 years, riboflavin
— in all groups, except the urban group, aged 12-14 years,
pyridoxine — in all groups

The values of all chemiluminescence parameters
were significantly higher for both age subgroups of urban
schoolchildren (p <0.05). For instance, the value of the
maximal intensity of the fast signal of blood serum in the
urban children aged 12-14 and 15-17 were respectively 4.3
and 5.9 times higher than in the rural children. This indicates
a higher content of lipid hydroperoxides in the blood serum of
the urban children; the value of the lightsum (lipid peroxidation)
was 2.2 and 4.2 times higher; the value of the tangent of
the backside angle of the chemiluminescence signal (speed
of lipid oxidation) was 3.8 and 7.6 times higher (Table 4).

DISCUSSION

The low vitamin status of modern schoolchildren has been
also confirmed by other researchers [21-23]. The identified

Table 1. Serum levels of vitamins A and E, and urinary excretion of vitamin C in urban and rural schoolchildren, M + m

Vitamins

A E C

Schoolchildren

Physiological norm

0.3-0.7 pg/ml 8.0-12.0 pg/ml 0.7-1.0 mg/h
urban 0.22 + 0.01 6.98 + 0.16 0.72 + 0.01
12-14 years
rural 0.28 + 0.01* 7.46 + 0.09* 0.60 + 0.02*
urban 0.24 + 0.01 7.22+0.17 0.71 +0.01
15-17 years
rural 0.27 + 0.01* 7.22 +0.08 0.62 + 0.01*

Physiological norms are given according to Standards of Biochemical Analysis [20]. * — p<0.05 when comparing the indicators of urban and rural schoolchildren in

each age group.

Table 2. Urinary excretion of B vitamins in urban and rural schoolchildren, M + m

Vitamins

B B, B

1 2 6

Schoolchildren

Physiological norm

15-35 pg/ml 14-30 pg/ml 40-60 mg/h
urban 20.42 £ 0.49 12.34 £ 0.37 41.11 £ 0.80

12-14 years
rural 12.58 + 0.25* 13.68 + 0.32* 37.92 + 0.57*
urban 21.3+0.39 12.76 + 0.41 40.33 + 0.64

15-17 years
rural 13.19 + 0.20* 14.2 + 0.24* 37.40 + 0.37*
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Table 3. Vitamin content in the daily diet of the schoolchildren, M + m

CTATbSA | TMITUEHA NUTAHUS

Schoolchildren
Vitamin 12-14 years 15-17 years

urban rural PN urban rural PN
Vitamin A, ug 100.0 + 2.0 200.0 + 4.0* 600 220.0 £ 5.0 170.0 + 3.0* 1000
Vitamin E, ug 49+07 3.4 +0.6" 12 51+23 44141 15
Vitamin C, ug 59.1 £ 13.8 63.1 +12.3* 60.0-70.0 99.4 £24.8 89.6 +21.0 70.0-90.0
Vitamin B,, ug 2.7+03 1.4 +0.1* 1.3 09+0.2 0.81 £ 0.1 1.3-1.5
Vitamin B,, ug 2.1 +041 1.1 +0.1* 1.5 0.4 +0.08 0.65 + 0.09* 1.5-1.8
Vitamin By, ug 1.2+0.1 0.9+0.1* 1.6-1.7 09=+0.14 0.99 +0.15 1.6-2.0

PN — Physiological norm of vitamin consumption for this age group. [19] * — p <0.05 when comparing the indicators of urban and rural schoolchildren in each age group.

Table 4. Indicators of blood serum chemiluminescence in urban and rural schoolchildren, M + m

Schoolchildren
Indicators 12-14 years 15-17 years
urban rural urban rural
Maximal intensity of the fast signal(relative unit). 2.82 +0.67 0.65 + 0.10* 3.83 +0.84 0.44 + 0.04*
Lightsum (relative unit). 4.36 + 0.60 1.95+0.19* 6.35+0.78 1.51 +0.19*
Lot of e ekt el e

* — p <0.05 when comparing the indicators of urban and rural schoolchildren in each age group.

difference in the level of free radical reactions in the blood
serum of urban and rural school children is consistent with
the findings about their vitamin status: the antioxidant vitamin
A and E status of urban school children is slightly lower than
that of rural children. The level of free radical reactions in the
blood serum of urban children is higher than rural children.

The diet of urban children is typically more balanced than the
diet of children in rural areas. According to Ushakov & Sokolova
[8], about 70 % of urban schoolchildren in winter take butter,
cheese, meat, fowl, fish, raw vegetables and fruits almost
every day or 2-3 times a week. On the other hand, less than
40 % of rural schoolchildren take similar diet. Predominance of
potatoes, pork and milk in the diet of the schoolchildren has
a positive correlation with ownership of a kitchen garden and
part-time farms by the rural population. This explains why the
serum levels of vitamin C in urban school children corresponds
with the physiological norm but are deficient in the body of rural
children. At the same time, according to Leshchenko, 53.5 %
of urban schoolchildren and 35.5 % of rural schoolchildren eat
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TISSUE CHEMILUMINESCENCE AS AMETHOD OF EVALUATION
OF SUPEROXIDE RADICAL PRODUCING ABILITY OF MITOCHONDRIA

Dzhatdoeva AA =, Polimova AM, Proskurnina EV, Viadimirov YuA

Faculty of Fundamental Medicine, Department of Medical Biophysics,
Lomonosov Moscow State University, Moscow, Russia

Mitochondrial dysfunctions are an underlying cause of many human diseases including degenerative diseases. One of the
consequences of mitochondrial dysfunctions is apoptosis of functionally active cells. During the initial stage of apoptosis,
increased production of superoxide anion-radical (SAR) is observed. A promising method of SAR detection in cells and tissues
is chemiluminescence (CL), primarily, in the presence of lucigenin, a SAR specific amplifier of CL. In this study a means of
improving CL was proposed, and its effectiveness in detecting SAR level in living tissues of laboratory animals in hypoxia
and parkinsonism models was evaluated. Aerobic (O, — 15 %, CO, — 5 %, N, — 80 %) and anaerobic (CO, — 5 %, N, —
95 %) gas mixtures proposed for samples aeration, maintained a constant pH of 7.4, necessary for accurate recording of
CL. Using the studied method, a statistically significant increase (1.8 and 2.0 times) in SAR production level in rat heart tissue
was detected with hypoxia duration of 150 to 240 minutes. In the parkinsonian model SAR production in mouse brain tissue
samples of striatum and substantia nigra was 1.7 and 1.3 times higher after administration of the final dose of proneurotoxin,
as compared to the control group.

Keywords: mitochondrial disorders, apoptosis, superoxide anion-radical, superoxide radical producing ability, hypoxia,
parkinsonism, tissue chemiluminescence, lucigenin
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TKAHEBASI XEMUAIOMUHECLIEHLIUS KAK METOA OLLEHKU CYTNEPOKCUA
PAAUKAA-NMPOAYLUPYIOLLLEM CMOCOBHOCTU MUTOXOHAPUM

A. A. [bxatpooesa =, A. M. MNonumosa, E. B. MpockypHuHa, tO. A. Bnagnmmpos

Kadenpa MeanumHCKon 61odurankim, dakynsteT dyHaaMmeHTanbHOM MeauLMHbI,
MOCKOBCKWM roCcy0apCTBEHHbBIN YHUBEPCUTET nMeHn M. B. JlomoHocoBa, Mocksa

[VchyHKUMA MUTOXOHAPWIA NEXUT B OCHOBE Pa3BUTUS MHOMX 3a001eBaHWin YenoBeka, BKoYas AereHepaTiBHble. OOHO 13
CneacTBU MUTOXOHAPWABHOM AMCHYHKLMN — anonTod yHKUMOHaNBHO-aKTUBHBIX KIIETOK. Ha HavanbHoM ctaguy anon-
TO3a OTMEYaeTCs yCUneHne NpoayKLUmm cynepokeu aHnoH-paankana (CAP). MepcnekTnBHbIM MeToaoM 0bHapy»xeHus CAP
B KJIETKaxX 1 TKaHsX SABASETCA METOL, XeMuntoMHecLieHLMm (XJ1), npexae BCero — B MPUCYTCTBUM NMOLIMIEHMHA, cneumdny-
Horo anst CAP xumumyeckoro aktuatopa XJ1. B nccnepoBaHum 6bin NpeanoxeH crnocod yCoBepLUEHCTBOBaHUA MeToAa, a
TaKKe oLleHeHa ero apdeKTUBHOCTb NpK oNpeaeneHn ypoBHs obpadoBaHus CAP B NepexxrBatoLLyx TKaHAX 1abopaTopHbIX
YKNBOTHBIX NPV MOAENMPOBAHNN MMMOKCUN 1 MapKUHCOHW3Ma. [peanoXkeHHble A5 aspalim onbITHbIX 06pa3sLIoB KMCNIOPOA-
copepxauan (O, — 15 %, CO, — 5 %, N, — 80 %) n 6eckucnopoaHas (CO, — 5 %, N, — 95 %) razosble cmecu obe-
cneyvBan NoCTosHCTBO pH 7,4, Heobxoaumoe Ans KoppekTHol permcTpaumn XJ1. C noMoLLbio M3ydaemoro metofa 6bi1o
nokasaHo [OCTOBEPHOE YBeNNYeHe ypoBHst obpasoBaHns CAP B TkaH cepaua KpbIC MPY LMKIax MNOKCUW ANUTENBHOCTHIO
150 1 240 mmH — B 1,8 1 2,0 pasa. Npn NapKNHCOHM3Me ypoBeHb obpasoBaHust CAP B TKaH1 Mo3ra MblLLel, coaepallein
CTpMaTyM U YepHyto cybcTaHLmio, Yepes 12 4 nocne BBedeHUS MOCNeAHeln 003bl MPOHENPOTOKCMHA Okasascs Bbiwe B 1,7
1 1,3 pa3a COOTBETCTBEHHO B CPaBHEHWN C KOHTPOJIEM.
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Human mitochondria, apoptosis and diseases

Mitochondria are important organelles found in cells. They are
vital because they perform a variety of functions. But above
all, they generate energy through oxidative phosphorylation
and regulate growth, aging and cell apoptosis. There are about
400 mitochondrial diseases recognized. Also, mitochondrial
medicine has developed as an independent scientific direction.

Cellular energy dysfunction may lead to neuromuscular
abnormalities [1]. Nerve tissue is particularly sensitive to reduced
energy metabolism [2]. However, energy dysfunction may not be
the most dangerous mitochondrial dysfunction. Mitochondria
are the major source of formation of intracellular free radicals
[3], first of all superoxide anion radical (SAR). Accumulation of
SAR and its derivatives — reactive oxygen species — leads to
mitochondrial oxidative stress. This is extremely dangerous
for cells because it can trigger programmed cell death called
apoptosis [4]. There are two basic pathways to triggering
apoptosis: external (receptor) and internal (mitochondrial)
pathways [5]. Most forms of apoptosis in vertebrates come
through the second pathway [6].

Oxidative stress in mitochondria is known to be the causative
factor or pathogenesis link of many diseases: neurodegenerative
diseases (Parkinson’s disease [7], Alzheimer’s disease [8],
multiple sclerosis [9], amyotrophic lateral sclerosis, and
others), neuro-ophthalmopathy, glomerulonephritis [10], insulin
resistance, as well as aging. Higher risk of a number of diseases
(cancer, diabetes [11], cardiovascular diseases) is associated
with polymorphisms of antioxidant enzymes, manganese-
dependent superoxide dismutase (MnSOD) and glutathione
peroxidase, which arrest the consequences of mitochondrial
oxidative stress. The essential role of mitochondrial dysfunction
in the development of cancer was also identified [5].

Mitochondrial dysfunction and accumulation of free radicals
in the cell are influenced by adverse factors. One of such
factors is gene mutation. Unlike other organelles, mitochondria
have deoxyribonucleic acid (mtDNA), which encodes a
subunit of some complexes of oxidative phosphorylation.
Mutations in mtDNA, as well as the genes of nuclear DNA that
encodes mitochondrial proteins cause Leber’s hereditary optic
neuropathy (or Leber optic atrophy) [12], NARP (Neuropathy,
Ataxia, and Retinitis Pigmentosa) syndrome [13], MERRF
(Myoclonus Epilepsy with Ragged-Red Fibers in skeletal
muscle) syndrome, MELAS (Mitochondrial encephalomyopathy,
lactic acidosis, and stroke-like episodes) syndrome [14],
Kearns-Sayre syndrome (retinitis pigmentosa, external
ophthalmoplegia, and complete heart block, ptosis, cerebellar
syndrome) [15], Pearson syndrome (abnormal functioning of
the bone marrow, liver, and pancreas) [16], and others.

Mitochondria as sources of free radicals in apoptosis

During aerobic respiration, there is leak of 1.2 % of electrons
from the mitochondrial electron transport chain, which restores
oxygen with production of superoxide anion radical [17].
Complex | and complex lll of the respiratory chain are the main
centers of production of reactive oxygen species. Normally,
the body’s antioxidant system neutralizes free radicals formed.
However, under the influence of adverse factors, the level of
free radicals increases by many times.

First, electron transfer is blocked in the mitochondria
[18] resulting in respiratory depression, reduced synthesis
of adenosine triphosphate (ATP) and, most importantly,
increased formation of mitochondrial superoxide anion radical
[19]. Then, under the influence of mitochondrial superoxide,
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hydrogen peroxide is formed in the matrix. After that, the
complex of mitochondria-specific phospholipid - cardiolipin
with cytochrome ¢ is formed [20]. As demonstrated in model
experiments, this complex has peroxidase activity [4]. In the
presence of hydrogen peroxide, it oxidizes organic substrates,
including polyunsaturated fatty acids. This leads to production
of lipid free radicals [21] and triggers a chain reaction of
lipid peroxidation [22]. Lipid peroxidation in mitochondrial
membranes leads to swelling of the matrix [23], rupture of
the outer membrane or at least formation of large pores in it
through which cytochrome ¢ leaves from the mitochondria.
Appearance of cytochrome c inthe cytoplasm triggers apoptosis
reaction [24].

Methods of assessing the radical-producing ability of
mitochondria in a living tissue

Various methods, including chemiluminescence (CL) [25], are
used to assess the radical-producing ability of mitochondria in
a living tissue. CL allows to register the concentration of radicals
(which is extremely low in living systems) and the rate of reaction
in which the radicals participate. A method for registering tissue
CL using a refrigerated photomultiplier [26] has been recently
developed. This method has several advantages over the labor-
consuming and costly method by Japanese researchers using
a refrigerated photomatrix [27]. The essence of the proposed
method for assessing the radical-producing ability of a tissue
[26] is that under regulated temperature (37 °C), weak air flow
is fed from a peristaltic pump, through a capillary, to a system
comprising of the test samples of the tissue and lucigenin
activator (Fig. 1, A). The selected position level of the capillary
and the aeration rate allow to observe formation of superoxide
anion radicals in tissues affected. However, a study [26] showed
CL to rise over time, which complicates analysis of curves
obtained. Possibly, additional CL amplification is associated
increased pH value of the medium solution over time, and not
with additional production of radicals in the tissue. It is known
that the intensity of lucigenin luminescence depends on the pH
of the medium [28]. Increased pH of the medium enhances
production of lucigenin cation, which interacts with SAR,
followed by emission of quantum of light.

Our study included two experiments. The first experiment
was aimed at determining the gas mixture composition optimal
for maintenance of a constant pH level at aeration of prototypes
using the method studied. The aim of the second experiment
was to assess the level of production of superoxide anion
radicals in hypoxia and parkinsonism in the tissue samples of
rat brain and mouse heart using the studied method.

METHODS
Installation scheme

SmartLum-1100 chemiluminometer (DISoft, Russia) additionally
equipped with peristaltic pump Pumps 323 (Watson Marlow,
UK) was used in the experiments. Tanks containing different
gas mixtures were connected to the pump. The installation
scheme is shown in Figure 1, A.

The distance (/) from the bottom of the cuvette to the tip
of the capillary supplying gas to the working solution was 1.5
cm (Fig. 1, B). This contributed to rapid diffusion of gas to the
test sample without disturbing its position in space. Slices were
placed at the bottom of the cuvette making the sample side
with the largest area to face the detector (Fig. 1, B).
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(A)

Device cover

Section under cuvette
Cuvette

Working solution
Aeration capillary

®) i

Test sample

Detector

Fig. 1. (A) Experimental setup scheme. 1, 2 — tanks for two different gas mixtures
(oxygen and oxygen-free mixtures); 3 — gas mixture switch; 4 — tubes supplying
gas mixture to the chemiluminometer cuvette; 5 — peristaltic pump feeding gas
mixture to the system; 6 — SmartLum-100 chemiluminometer; 7 — computer.
(B) Position of the test sample in the chemiluminometer

Animals and manipulations

The study used the heart of white male Wistar rats aged 2-3
months and the brain of C57BL/6 mice aged 2.5-3 months.
While working with the animals, regulations (No 755, Order of
August 12, 1977) established by the Russian Ministry of Health
were complied with. The Bioethics Commission of Lomonosov
Moscow State University approved the experiments. The
animals were kept in a vivarium, 6 animals each in standard T4
cells with controlled lighting (12 hours in the night and 12 hours
in the day), with free access to feed and water.

Rats. All organ-harvesting manipulations were performed
after the animals were deeply anesthetized with chloral hydrate
(400 mg/kg). After harvesting the organs, they were washed
in saline solution (0.9% NaCl). A sharp blade was used to cut
out a small rectangular piece of the left ventricle, not more than
5x 5 x 5 mm in size and then washed.

Mice. To model the early symptomatic stage of
Parkinsonism, a 12 mg/kg dose of proneurotoxin 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP; Sigma, USA) was
administered subcutaneously to the mice four times, at two-
hour intervals between injections [29]. The control animals
were administered with a saline solution (0.9 % NaCl) in the
same way. 12 hours after administering the last proneurotoxin
dose, the mice were decapitated (without anesthesia) and
the brain isolated. Thin frontal slices, 300 microns thick, were
obtained using vibratome (Vibratome 1000 Plus, USA). Tissue
blocks containing the substantia nigra (place of localization
of the bodies of dopaminergic neurons) and striatum (area of
axonal projections of dopaminergic neurons) were isolated in
the slices.

To preserve tissue viability, all manipulations were performed
in ice-cold Krebs-Ringer solution, comprising of NaCl 6.96 g,
KCI 0.36 g, CaCl2 0.22 g, MgSO,-H,0 0.33 g, NaHCO3 2.1 g,
D-glucose 1.82 g, HEPES 4.8 g, distilled water 1.0 |. After that,
the pH level was brought to 7.4. The experiments used only a
freshly prepared solution.

Determining the optimal composition of the aeration gas
mixture

The optimal composition of aeration gas mixture was
determined using the heart tissue samples of rats. The tissue
sample was placed in a cuvette containing 90 um of lucigenin
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in Krebs-Ringer solution. Lucigenin was used as a selective
probe for SAR. The chemiluminescence of tissue samples
were registered for 125 minutes under controlled temperature
(87 °C) and aeration at pump rotor speed of 6 rpm. Such a
rate of gas mixture supply allowed to maintain sufficient rate of
saturation of the solution with gas, mix the solution and wash
the sample, keeping it fixed at the bottom of the cuvette. The
pH of the solution was measured every 20 minutes.

Three gas mixtures of the following composition were
examined:

—atmospheric air: 21 % 02, 0.03 % CO2, 78 % N,,

— carbogen: 95 % O,, 5 % CO,,

- human exhaled air: 15% 02, 4 % CO,, 74 % N,,
others — 7 %.

Registration of tissue chemiluminescence in hypoxia
simulation and in Parkinsonism

Based on the results of the experiment carried out to determine
the optimal composition of the aeration gas mixture, technical
mixtures of new composition were prepared and were used
for chemiluminescence registration in modeling of hypoxia and
parkinsonism:

- oxygen-containing gas mixture (OCGM): 15 % O,, 5 %
CO,, 80 % N,

- oxygen-free gas mixture (OFGM): & % CO,, 95 % N,

Hypoxia modeling. The study was conducted on samples
of rat heart tissue using three hypoxia models. The CL of one
sample was registered for each model. To create hypoxic
conditions, anoxic gas mixture was passed through a solution
containing a piece of the tissue. To create reoxygenation
conditions, oxygen-containing gas mixture was passed. Three
hypoxia models were investigated.

Model 1 — hypoxia for 15 minutes. For the first 30 minutes,
CL was registered at OCGM aeration, followed by 15-minute
CL registration at OFGM (hypoxia) aeration. After that, OCGM
aeration was resumed for 30 minutes (reoxygenation). This
hypoxia cycle was repeated six times. The total CL registration
time was 400 minutes.

Model 2 — hypoxia for 150 minutes. For the first 30 minutes,
CL was registered at OCGM aeration, followed by 150-minute
CL registration at OFGM (hypoxia) aeration. After that, OCGM
aeration was resumed for 30 minutes (reoxygenation). This
hypoxia cycle was repeated twice. The total CL registration
time was 325 minutes.

Model 3 — hypoxia for 240 minutes. For the first 30 minutes,
CL was registered at OCGM aeration, followed by 240-minute
CL registration at OFGM (hypoxia) aeration. After that, OCGM
aeration was resumed for 30 minutes (reoxygenation). The total
CL registration time was 350 minutes.

Change in radical formation was assessed by S/SO
parameter, where S is the area under the CL curve within 30
minutes of reoxygenation at the end of the experiment with the
model. Parameter S reflects the amount of radicals formed.
S, is the area under the CL curve over the first 30 minutes
of luminescence registration. SO reflects the initial amount of
radicals. Unit of measure S — (imp/s) x min.

Modeling of Parkinsonism. The study was performed on
mouse brain slices. The CL of three tissue slices of the area
of the substantia nigra and the three sections of the striatum
area of the brain (of both experimental and control animals)
was registered. Chemiluminescence was registered over 25
minutes under aeration with oxygen-containing gas mixture.
SAR formation was assessed by S/S, parameter (after 20



minutes of aeration), where S is the area under the CL curve
of the tissue of the experimental animals, while S is the area
under the CL curve of the tissue of the control animals.

Data were statistically processed using software packages
Statistica 7.0 and MS Office Excel 2010. The results were
presented as mean value and standard deviation. The
significance of differences between the groups was determined
using the Mann-Whitney U test. The differences were
acknowledged to be statistically significant at a significance
level of p <0.05.

RESULTS

Dependence of pH on the composition of the aeration gas
mixture

The influence of the composition of three different gas mixtures
on the pH level of a solution containing a sample of the heart
tissue was investigated. With atmospheric air aeration, pH rose
from 7.4 to 9.0 (Fig. 2, A). A change in the pH value influenced
the intensity of lucigenin-dependent chemiluminescence.
The registered changes in the kinetics of the CL curve are a
direct consequence of the alkalinity of the medium: the growth
dynamics of CL and increase in pH coincided over time (Fig. 2).

On the contrary, aeration with gas mixtures with high
content of CO, (carbogen and exhaled air) did not result in a
significant change in pH of the medium during the experiment.
CL luminescence remained at a constant level (Fig. 2, B).

Thus, CO, content in gaseous mixtures at a 4-5 % level
is sufficient to maintain the pH at physiological norm (7.4).
Therefore, for further CL registration of tissue samples,
technical gas mixture was prepared in which the percentage
content of the main components was similar to the exhaled air.
However, there were no impurity gases (OCGM). Oxygen-free
gas mixture (OFGM) with high content of CO2 was used to
create hypoxic conditions.

Formation of free radicals in the heart tissues of rats in
hypoxia

Under repeated cycles of hypoxia lasting for 15 minutes, a
significant increase in the formation of superoxide anion radical
was observed only at the time of reoxygenation at the 300th
minute of the experiment: the amount of SAR increased by 1.5
times in comparison with the baseline. Under longer cycles of
hypoxia (150 and 240 minutes), statistically significant increase
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in CL was also observed at the end of the experiment. Here,
formation of SAR increased by 1.8 and 2.0 times respectively
(Fig. 3, Table 1).

Formation of free radicals in the brain tissues of mice in
parkinsonism

The modeled stage of parkinsonism in mice corresponds
to early symptomatic stage in people. At this stage, increased
formation of superoxide anion radical was observed in the
animals. In the case of brain tissue slices containing the
striatum, a significant increase (1.7 times) in SAR production
was detected. For brain tissue slices containing the substantia
nigra, there were no significant differences between the
experimental and control animals. However, a tendency
towards 1.3 times increase in production of radicals was
detected (Fig. 4, Table 2).

DISCUSSION

Lucigenin-enhanced chemiluminescence is a promising
method for measuring the level of SAR production and
assessing disorders that occur in individual cells and the tissue
in general. However, applying his method requires maintenance
of a constant pH of the medium at 7.4. When aerating samples
with atmospheric air, the pH index changes, while the volume
of the Krebs-Ringer buffer system (2 ml per 1 mg tissue) is
not enough to stabilize the pH at 7.4. On one hand, the use
of a continuous-flow system can help solve the identified
problem by constantly renewing the solution used to wash the
tissue. However, the necessary technical retrofit measures and
increased reagent consumption make this approach difficult to
implement. On the other hand, the possibility of changing the
composition of the gas mixture for aeration of the solution —
increasing the CO, content — is a simpler and more affordable
method. Saturating the washing solution with carbon dioxide
allows to maintain the pH at a constant level by dissolving the
gas in water and establishing the balance state:
CO, +H,0-H,CO, «>H* +HCO, «~>2H* +CO*

We showed that aeration with a gas mixture containing 4-5 %
of carbon dioxide is optimal for the method.

The hypoxia/reoxygenation cycle is known to play a key
role in human infarction. Moreover, the tissue suffers the most
severe damage at sharp increase in production of reactive
oxygen species and dies after resumption in blood supply.
Assessment of the level of formation of superoxide radical
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Fig. 2. (A) Change in pH and (B) development of lucigenin-enhanced chemiluminescence in one of the rat heart samples with aeration of samples with gas mixtures

of different composition

1 — ocurve for exhaled ar O, — &5 %, CO, — 43 %, N,

— 74,0

%); 2 — curve for atmospheric air (O, — 21,0 %, CO, —

2

0,08 %, N, — 78,0 %); 3 — curve for carbogen (O, — 95,0 %, CO, — 5,0 %). Arrow indicates start of aeration.
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anion at different periods of hypoxia showed that the cyclical
effects of short periods of hypoxia led to lower production of
free radicals than longer periods of hypoxia.

Registration of lucigenin-enhanced CL under aeration of
tissue sample with oxygen-containing gas mixture showed
an increase in formation of SAR in the brain tissue 12 hours
after the last dose of proneurotoxin was administered. This
suggests that increased production of free radicals, leading to
degeneration of nerve cells, occurs long before the first clinical
symptoms of the pathology appear.

CONCLUSIONS

Conditions ~ for  the use of lucigenin-enhanced
chemiluminescence to evaluate the radical-producing ability
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Fig. 3. Curves of lucigenin-enhanced chemiluminescence in one of the rat heart
samples for different hypoxia models. (A) Model 1 (hypoxia cycle — 15 min). (B)
Model 2 (hypoxia cycle - 150 min). (C) Model 3 (hypoxia cycle — 240 min)
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of biological tissues were optimized. Compositions of oxygen-
containing and oxygen-free gas mixtures for aeration of the test
sample to maintain at 7.4 the pH of the solution used to wash
the sample were selected.

The possibility of using the method for estimation of the
level of production of radicals in hypoxia and parkinsonism
was demonstrated. There was significant increase in the level
of production of radicals in heart tissue for hypoxia cycles —
1.8 times increase for 150-minute hypoxia cycle, and 2.0
times increase for 240-cycle. The level of SAR production in
Parkinsonism in areas of the striatum and substantia nigra
12 hours after the last dose of proneurotoxin was administered
was 1.7 and 1.3 times higher respectively than in the control
sample.

Table 1. Influence of hypoxia duration on formation of superoxide anion radical
in rat heart tissue, M + m (n = 5, p <0.05)

Hypoxia duration (min)
Indicator
15 150 240
S/8, 1.49 + 0,10 1.76 + 0.20 2.04 £0.15

Table 2. Formation of superoxide anion radical in mouse brain tissue when
modeling parkinsonism, M + m (n = 5, * — p <0.05)

Indicator
Tissue
S (parkinsonism) S, (control) S/S,
Striatum 71.0 £5.0* 121.0 £ 15.0 1.7+04
Substantia nigra 30.0 + 10.0 40.0 £ 6.0 1.3+0.5
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Fig. 4. Development of lucigenin-enhanced chemiluminescence in mouse brain
tissue sections containing the striatum (A) and substantia nigra (B)

1 — curve for control sample, 2 — curve for test sample.
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SERUM ALBUMIN AS A SOURCE OF AND ATARGET FOR FREE RADICALS
IN PATHOLOGY
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Oxidative stress caused by excessive accumulation of pro-oxidants and/or depletion of antioxidants, is an important pathogenic
factor. Oxidative stress leads to oxidative modification of macromolecules. Proteins are a target for oxidizing agents. Of other
antioxidants in human blood plasma, serum albumin is particularly interesting as a target for reactive oxygen species. In this
brief review albumin is looked upon as a target for free radicals, an antioxidant, and a source of free radicals in its complexes
with copper ions. Possible targets for free radicals in protein structure and the consequences of their exposure to free radicals
attacks have been analyzed. The role of glycosylation in contributing to protein oxidative modification has been studied. The
original experimental data on albumin structure changes in various models of oxidative stress obtained by a spectrofluorimetric
method are pesented. Increased antioxidant properties of albumin modified in a physical model of oxidative stress
(UV-irradiation) have been described.
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CbIBOPOTOYHbIN AAbBYMUH KAK UCTOYHUK U MULLIEHb CBOBOAHbBIX
PAAUKAAOB B MATOAOIUU

M. M. Cosapykosa =, E. B. MNpockypHuHa, FO. A. Bnagnmmpos

Kadhenpa MeanumHcKon 6rodurankm dakynsteta dyHaaMmeHTanbHoM MeamumHbl,
MOCKOBCKIIA roCcyaapCTBEHHbIV YHMBEPCUTET MMeHn M. B. JTomoHocoBa, Mocksa

OKUCAUTENBHDBIV CTPECC, BbI3BaHHbIN N30bITOYHBIM HAKOMNIEHMEM MPOOKCUAAHTOB U/UAN UCTOLLEHMEM aHTUOKCUAAHTOB, S1B-
JIAETCHA BaKHbIM MaToreHeTUHeCKM (hakTopoM. OH BbI3bIBAET OKUCNTENBHYIO MOAUMMKAUMIO MaKPOMONEKYS, U OAHOV 13
MULLIEHEN OKMCAUTEnen senstoTca 6enku. Cpeam aHTVOKCMAAHTOB B Mfla3Me KPOBW YerloBeKa 0COObI MHTEPEC B KA4eCTBE
MULLIEHN 0151 aKTUBHbIX POPM KMCNOpoda NPeaCTaBNseET CbIBOPOTOUHbIM albOyMuH. B Hallem KpaTkom 0630pe OH paccMo-
TPEH Kak MULLIEHb AN CBOOOAHbIX PAANKANIOB U @HTUOKCWAAHT, a TakKe Kak UCTOYHMK CBODOOHbBIX PaaMKaioB B KOMMIEK-
ce ¢ noHamu meau. MNpoaHanmamMpoBaHbl BO3MOXHbIE MULLIEHM CBOOOAHBLIX PaAMKaioB B CTRYKTYpe 6enka 1 mocnencTeuns
BO3OEVNCTBUS PaAMKaIOB Ha HUX. YOENEHO BHUMaHWE PO MINKO3UIMPOBAHMSA Kak OOHOMO 13 (hakTopoB, CMOCOGCTBYIOLLIMX
OKMCIUTENBHOW MoandrKaumn 6enkoB. MNpuBeaeHbl COBCTBEHHbIE SKCMEPUMEHTASTbHbIE AaHHbIE 06 M3MEHEHNSX B CTPYK-
Type anbbymmHa mpur pasHbiX MOOEAAX OKUCINTEbHOMO CTPecca, MOJlydYeHHble CheKTPOMIYOPUMETPUHECKM METOAOM,
MPOUIKOCTPUPOBAHO YCUNEHME aHTUOKCUAAHTHBIX CBOVCTB alibbyM1Ha Npuy (DU3NHECKO MOOEN OKUCINTENBHOMO CTpecca
(yneTpadrnoneToBoe 06yHeHNE).

KntoueBble cnoBa: OKUCIUTENbHBIV CTPECC, CBOOOAHbIE pafKasibl, CbIBOPOTOYHbIV anbOyMUH YenoBeka

®duHaHcupoBaHue: paboTa BbiNonHeHa Npy (hrHaHCOBOW Noaaepke Poccuickoro Hay4Horo choHaa (rpaHT Ne 14-15-00375).
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Free radicals are an important component of cellular  or proteins, and to lipid peroxidation. A new research area has

metabolism. They induce a number of negative effects if
accumulated in excess, including the structural and functional
damage of the cell and even its death through necrosis or
apoptosis. A shiftin balance between free radicals (pro-oxidants)
and antioxidants in favor of the former is called oxidative stress
(OS). Various factors cause OS, but all of them eventually lead
to the oxidative modifications of macromolecules, such as DNA

emerged, namely, research of protein oxidative modification
(POM) [1]. The knowledge accumulated in this area is not only
of fundamental significance, but also is widely applied in actual
practice. Recently, tests detecting oxidized proteins in blood
cells and tissues have been introduced, making it possible
to collect extensive factual material. POM has been found to
induce formation of tyrosine and tryptophan oxidation products,
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including o- and m-tyrosines, 3,4-dihydroxyphenylalanine
(DOPA), carbonyls and other oxidized derivatives; dimers
(dityrosines) are formed; auto-oxidative glycosylation of proteins
occurs [2].

A complex antioxidant system of the organism resists
free radical oxidation. Blood plasma proteins with antioxidant
properties are components of this system [3]. Among them, a
key role is assigned to human serum albumin (HSA). This protein
interacts with free radicals, undergoes oxidative modification
and protects the body. Albumin oxidative maodification causes
complete or partial loss of its diverse functional activity, which
in itself can produce a variety of effects. However, during this
process HSA acquires new properties and, possibly, new
functions. Besides, aloumin modified by oxidation can be an
effective marker of OS.

Considering the increased interest in HSA role in free radical
oxidation, we thought it important to summarize all the data
collected and to examine this protein from two perspectives:
as a source of and as a target for free radicals.

Serum albumin as a source of free radicals

In blood plasma there are two main proteins responsible
for copper binding and transportation that at the same time
prevent copper damaging effect on other plasma proteins,
blood cells and surrounding tissues [4]. Ceruloplasmin contains
copper in its active site. Reactions involving this protein are not
accompanied by the formation of any radicals. The second
largest copper pool in blood plasma is associated with human
serum albumin that contains a high affinity site for copper,
namely, the N-terminal tripeptide Asp-Ala-His (Cu?*/Ni2*-binding
motif) [5]. Under normal conditions less than 1% of total albumin
is copper-bound, but this amount is enough to generate a big
number of radicals in blood. In some pathological states, for
example, Wilson’s disease or arthritis, the level of albumin
bound copper can be considerably higher (2 to 5 times)[6-8].

Y.A. Gryzunov et al. [9] thoroughly investigated the
conditions and reasons related to the change in the radical
producing (pro-oxidant) activity of HSA-copper ions complex.
Those authors studied, firstly, the effect of cystein-34 amino
acid residue (Cys-34) modification on catalytic activity of the
complex, and, secondly, the result of non-esterified fatty acid
binding to albumin. To monitor the pro-oxidant activity of the
complex, the rate of ascorbate radical formation was measured
by the electron paramagnetic resonance assay (EPR), since
ascorbate is one of the main interceptors of free radicals in blood
plasma. At copper-albumin ratios below 1:1, the bound copper
was almost redox-inactive, as long as Cys-34 was in a reduced
state. We will term the inactive complex Cu/HSA-SH. Alkylation,
nitrosylation and oxidation of thiol groups induced the catalytic
radical producing activity of the Cu/HSA complex. This activity
was more than an order of magnitude lower than the activity of
free copper ions not bound to albumin. However, the evidence
of such activity itself is important. Using ultrafiltration, it was
shown that it is the complex with copper:protein stoichiometry
of 1:1 and not free copper ions, generated accidentally during
Cu/HSA-SH processing, that exhibits such activity.

In that work [9] it was also established that being catalytically
inactive, Cu/HSA-SH complex displayed radical producing
activity as a result of protein conformational changes when
bound to free fatty acids, given that albumin did not contain any
fatty acid impurities. Both conformational changes measured by
probe fluorescence (fig.1, probes | and Il) and catalytic activity
reached their maximum at a fatty acid to protein molar ratio of
3:1 for oleic acid and 2:1 for linoleic acid. Parallel to fatty acids
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binding and profound conformational changes caused by this
process, oxidation of Cys-34 SH-groups and a simultaneous
increase in redox activity of copper-aloumin complex were
observed. The authors concluded that fatty acids regulate anti-
and pro-oxidant properties of Cu/HSA complex by changing
Cys-34 redox status.

The process described above includes the following stages
(fig.1):

1) binding of fatty acids in protein domains I, Il and lll;

2) albumin conformational changes (measured by the
fluorescence of probes | and ll);

3) activation of catalytic (redox) activity of the Cu complex
in the binding site;

4) Cys-34 SH-group oxidation;

5) oxidation of other molecules by dissolved oxygen
facilitated by Cu/HSA and accompanied by free radicals
formation (oxidative stress).

Thus, pro-oxidant properties of HSA complex with
copper ions are implemented only after protein SH-group has
been oxidized or a thiol group has interacted with nitrogen
monoxide (NO).

Serum albumin as a target for free radicals

A lot of data confirm that HSA antioxidant activity is determined
by at least three factors: 1) its binding of variable valency
metals, such as copper; 2) its reactions with free radicals (a
radical trap); 3) the formation of products with antioxidant
properties during its oxidative modification.

If HSA is added to blood lipoproteins that are quickly
oxidized in the presence of copper ions, then lipid peroxidation
in lipoproteins is inhibited [10], but not blocked completely,
because copper retains its catalytic activity in the complex with
albumin. It means that HSA is an antioxidant because it forms a
complex with copper ions. However, this complex alone cannot
be a pro-oxidant, which depends on the amount of albumin-
bound copper in blood plasma and this complex activity. As
stated previously, binding of NO and fatty acids, as well as a
chemical modification of Cys-34 thiol group, makes Cu/HSA
complex catalytically active. In contrast, native HSA completely
inhibits catalytic activity of copper ions.

In serum albumin, Cys-34 SH-group is a primary radical
interceptor; because of this group HSA constitutes the majority
of reactive thiols in blood plasma [11, 12]. Cys-34 oxidation
results in the formation of sulfenic acid (RSOH) that is later
oxidized to sulfinic (RSO,H) or sulfonic (RSO,H) acids [13].
As mentioned before, SH-groups serve as a defense mechanism
against free radical oxidation [14, 15], their concentration in
blood plasma lowers considerably when OS increases, which
occurs in various diseases [16—18] and aging [19]. Using high
performance liquid chromatography (HPLC) with fluorescence
detection, K. Oettl et al. studied HSA redox state as a potential
systemic marker of OS in patients with various diseases
(cataract, glaucoma, age related macular degeneration,
diabetes mellitus, diabetic retinopathy and hypertension), with
or without complications and with consideration of possible
effects on age [20].

Another amino acid sensitive to free radical attacks is
methionine. HSA contains 6 methionine residues. Its oxidation
by various oxidizing agents leads to the formation of methionine
sulfoxide (MetSO). However, changes in HSA properties
induced by free radicals are tricky to interpret. To look at
enzymes from this perspective, one can refer to the work of
R. Levine et al. [21], who found that preferential oxidation of
unprotected methionine residues of enzymes had little effect



on the biological functions of glutamine synthetase. At the
same time a supposition was made that methionine residues
redox cycle in biological systems can be a factor of defense
against reactive oxygen species and prevent other functionally
important changes in protein structure.

In serum albumin, aromatic amino acids are a third target for
free radicals; they can be susceptible to oxidative modification
under oxidative stress. HSA consists of 18 tyrosine residues
and 1 tryptophan residue. The result of oxidative modification
of free tyrosine, tryptophan and albumin is the augmentation of
protein protective properties due to the formation of oxidation
products that are antioxidants [22]. One of such compounds is
DOPA [22].

Thus, attacked by free radicals, HSA loses its free cysteine
thiol group, some of tyrosine groups and a tryptophane residue.
The higher is the level of OS in human blood (systemic OS in
other terms), the higher is the degree of thiol and aromatic
amino acid loss. Both of these criteria are currently used for
evaluation of OS levels in clinical practice. It is important to
note that aromatic amino acids, which are constituents of
HSA, are natural fluorophores and their oxidative damage can
be measured by a simple and sensitive method of ultraviolet
fluorescence registration. This subject was looked upon in a
number of studies. Reduced HSA fluorescence was observed
when studying the effect of glycosylation [23] and free radicals
[24] in a diabetes model. Those authors established a clear
correlation between protein molecule conformational changes
and protein antioxidant properties; a key role of copper ions in
implementing albumin pro-oxidant properties was confirmed.
Likewise, reduced analytical signal intensity, which is a
useful index of amino acid degradation and displays a clear
dependence between oxidation and protein conformational
restructuring, was observed when studying the effect of an
individual hydroxyl radical (+OH) and its combinations with
superoxide anion radical (*OH + +O%) on proteins [25]; when
studying thiol groups oxidation and elevated fructosamine
levels in patients with obstructive sleep apnea [26]; when
assessing protein structural changes mediated by peroxynitrite
(by tryptophan and cystein oxidation, tyrosine nitration,
dityrosine formation, production of 2,4-dinitrophenilhydrazine,
carbonyls and molecule fragmentation) [27]; when modeling a
“soft” OS, induced by ascorbate, oxygen and trace amounts
of metals [28]; finally, when studying a correlation between
HSA oxidative modification growth and the severity of hepatic
failure characterized by increased carbonyls and Cys-34
oxidation [29].

[t has been shown that protein glycosylation leads to
its more intense oxidative modification [30]. In the work of
J. V. Hunt and S. P. Wolff [30] this fact was illustrated by the
example of tryptophan. Moreover, many observations showed
that glycosylation and oxidation are closely related to each
other: glycosylation both boosts oxidation and is boosted by
it. To describe this property, a new term has been introduced,
namely, “glycoxidation” — glycooxidation, derived from
glycosylation + oxidation [31]. F. Monacelli et al. [31] used
fluorescence spectroscopy and circular dichroism analysis
to study the end products of oxidation and glycosilation and
HSA conformational changes after its incubation with ribose,
ascorbic acid (AA) and diethylenetriaminepentaacetic acid
(DTPA) in various combinations. Ribose was found to induce
a considerable increase of pentosidine (a glycosilation marker),
with AA and DTPA preventing its accumulation, especially at
later incubation stages. Ribose increased oxidation protein
products level moderately, while AA inhibited their formation.
Besides, in combination with AA ribose contributed to further
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formation of oxidation products, while DTPA inhibited oxidation
protein products formation induced by AA. Using a circular
dichroism analysis, F. Monacelli et al. obtained the results
proving that AA and DTPA are strong modifiers of a-spiral part
of HSA structure while ribose affects protein structure at late
incubation stages only.

After studying the relevant literature, we carried out a series
of experiments in our laboratory on using HSA as a marker in
various OS models. Albumin structural changes were evaluated
using spectrofluorometry; albumin antioxidant properties
were evaluated by luminol-enhanced chemiluminescence
assay (with some modifications) [32]. Solutions of luminol
C,H,N,O, (Sigma-Aldrich, USA, molecular weight of 177.16),
HSA (Sigma-Aldrich, molecular weight of 69,000), AAPH
(2,2"-Azobis(2-methylpropionamidine) dihydrochloride, Fluka,
Germany) were prepared by dissolving weighted amounts
of corresponding substances in phosphate buffer solution
(KH,PO,, reagent grade). A working concentration of N-formyl-
methionine-leucine-phenylalanine (a substance used for
neutrophil stimulation) by FMLP,Sigma-Aldrich, was obtained
by diluting the initial solution with a medium (Hank’s solution
containing glucose / HEPES). For irradiation, samples with
optical density of no less than 0.2 were used to provide the
uniform UV absorption throughout the solution volume and
to avoid nonlinearity of fluorescence spectra registration.
Neutrophils were extracted from the blood of patients with
Wegener’s granulomatosis (Tareev Clinic of Nephrology,
Internal and Occupational diseases). Measurements were done
using RF-5301 PC spectrofluorophotometer (SHIMADZU,
Japan) and Lum-5773 chemiluminometer (DISoft, Russia) with
PowerGraph software; absorption spectra were registered
by Specord 200 spectrophotometer (Jena Eng., Germany).
Samples were irradiated in Bio-Link crosslinker (Vilber Lourmat,
France), which allows irradiation dose control, with effective
short wavelength of 254 nm. The following OS models were
used: physiochemical (thermally induced decomposition
of AAPH), chemical (albumin exposure to superoxide and
hydroxyl radicals produced in Co?/H,0,), physical (exposure
to different dozes of UV-irradiation), and biological (radical
production after phagocytes activation). Data obtained in the
experiments are presented in fig. 2. In all our experiments a
100 Mm phosphate bugger solution with pH of 7.4 was used
as a medium. Excitation wavelength for fluorescence spectrum
registration was 260 nm.

Domain Il

Domain | Cys-34

3-SH, -S-NO, -S-Ox

Probe Il

Fatty acid binding
sites

His3 in Cu

binding site

Domain Il

Fig. 1. Location of fatty acid- and Cu-binding sites; location of probes | and Il in
domains |, Il and lll in HSA structure
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Fig. 2. Fluorescence spectra obtained in the experiments. (1) HSA (0.66 pm) and AAPH (2.5 mM), figures next to curves show incubation time. (2) HSA (0.6 pm), H, O,
(3 mM) and Co* (0.3mM), figures next to HSA + H, O, + Co** curves show time after introducing Co2+ to the system: 0, 3, 6, 9 and 15 minutes. (3) HSA (0.6 um),
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Fig. 3. Changes in fluorescent and antioxidant properties of HSA exposed to different doses of UV-irradiation. (1) HSA fluorescence spectra (0.66 um); the protein was
exposed to different doses of UV-irradiation (figures show the dosage, J/ cm? 0 — native protein, 1 — 0.050, 2 — 0.200, 3 — 0.400, 4 — 0.600, 5 — 0.800, 6 —
1.000). (2) Chemiluminescence curves of HSA (0.66 pm) exposed to different doses of UV-irradiation (figures next to curves show the dosage, kd/cm?) in the system
containing phosphate buffer solution (PB) (37 °C), AAPH (2.5 mM), luminol (Lum) (2 um), system total volume 1.000 ml

Study results show that in all OS models protein oxidative
modification is observed, which is demonstrated by reduced
fluorescence intensity. A physical model of OS (UV radiation) was
investigated in greater detail. Experimental data are presented
in fig.3. In all experiments 100 Mm phosphate buffer solution
with pH of 7.4 was used as a medium; excitation wavelength
for registering fluorescence spectra was 260 nm. To register
chemiluminescence, the following steps were taken: AAPH and
luminal solutions were mixed in a cuvette, the resulting mixture
was incubated for 20 minutes at room temperature in the dark,
then a phosphate buffer heated up to 37°C in a thermostat was
added to the AAPH-luminol mixture. The cuvette was placed
in the device, and chemiluminescence was registered until the
curve reached the plateau. After the curve displayed a steady
level of radical generation, an aliquot of the antioxidant (HSA)
was introduced to the system.

Fig. 3 shows a dosage-dependent reduction of analytical
signal intensity of the sample exposed to UV, and a simultaneous
increase in antioxidant properties of HSA: a “dip” area is
growing (latent period, t, — time during which fluorescence
decay is observed below the curve). It can be explained by the
fact that products with antioxidant properties are a result of
aromatic amino acids oxidation [22]. Fig. 4 shows a correlation
between reduced fluorescence intensity and antioxidant activity
growth (t_, min).
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BULLETIN OF RSMU

1, 2016 | VESTNIKRGMU.RU

® 25 i
£ a
3 20 =2
=
s
© 15

10

5

0

0,0

0,2 0,4 0,6 0,8

UV irradiation dosage, J/ sm?

Fig. 4. Comparison of HSA fluorescence changes (0.66 pm) (A*° = 337 nm)
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CONCLUSIONS

We have analyzed and summarized known experimental data
on albumin being a source of and a target for free radicals.
The second largest copper pool in blood plasma is associated
with albumin. In different pathological conditions the level of
albumin-bound copper increases. The mechanisms and
conditions under which pro-oxidant properties of the complex



are implemented were studied. At the same time, albumin
itself is the main blood plasma protective protein; it becomes
possible because of albumin ability to intercept free radicals.
Albumin reveals its protective properties due to the presence
of cystein-34 SH-groups. Some contribution is made by 6
residues of another amino acid, namely, methionine, sensitive
to oxidation. Finally, aromatic amino acids are responsible
for production of substances with prominent antioxidant
properties. This fact is supported by our own experimental
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TWO HMG DOMAINS OF YEAST MITOCHONDRIAL PROTEIN ABF2P
HAVE DIFFERENT AFFINITY TO DNA
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Maintaining mitochondrial genome integrity is essential for the viability of the whole organism. Mitochondrial genome
mutations lead to muscular dystrophies, neurodegenerative diseases, and are associated with aging. In this work a baker’s
yeast (Saccharomyces cerevisiae) mitochondria model was used to investigate DNA-binding abilities of different domains of
a mitochondrial Abf2p protein which participates in homologous recombination and reparation. A weak non-specific HMG1
binding to linear DNA and a specific HMG1 binding to a branched DNA with a dissociation constant of 510 nM have been
discovered. The HMG2 domain itself does not bind to any DNA and either has other functions or demonstrates its DNA-binding
activity in a full-length protein only.
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ABA HMG-AOMEHA MUTOXOHAPUAABHOIO BEAKA APOXOKEWN ABF2P
OBAAAAKOT PA3AUYHDBIM CPOACTBOM K AHK

A. B. Kypauwerko', E. O. Camoinosa', M. B. banesa', 1. B. HYuuepun!, . HO. MeTtpos?, . A. KameHckunin'=, C. A. JleBnukuin'

TKadenpa MonekynspHo bronornm Brnonornieckoro dakynsreTa,
MOCKOBCKIIA roCy4apCTBEHHbIV YHUBEpPCUTET nMeHn M. B. JTomoHocoBa, Mocksa

2 Kadhenpa obLLeln xvpyprim akynsteTa yHOoaMeHTaIbHOM MeaULYHBI,
MOCKOBCKMIN roCynapCTBEHHbIN yH1BEpCUTeT UMeHn M. B. JlomoHocosa, Mockea

MNopfep>xaHve NOCTOSHCTBA MUTOXOHAPUANBHOIO reHoMa MMeeT 6osblIoe 3Ha4eHne B obecrneveHnn (OyHKUMOHMPOBaHKSA
opraHvama B LienoM. MyTaumm B reHoMe MUTOXOHOPWIA MOMyT ObITb MPUHMHONM Pa3BUTUSA MblLLIEYHBIX AUCTPOMNI 1 Hepoaere-
HepaTVBHbIX 3ab60NeBaHNI, yCTaHOBIIEHA TakXKe 1X CBA3b C MPOLECCOM CTapeHnsi opraHnamMa. B naHHon paboTe nccnenosaHa
[JHK-cBsAsbiBatoLaa cnocoOHOCTb OTAENbHbIX AOMEHOB MUTOXOHAPWANBHOrO Oenka nekapckmx Apoxoxen Saccharomyces
cerevisiae Abf2p, y4acTBYOLLIErO B NPOLIECCax FOMOMOrMYHON pekoMbuHaumm 1 penapauyn. BeiseneHo, 4to gomeH HMG1 He-
cneumdmyHo 1 cnabo cBsasbiBaeT NMHenHyto JHK 1 npu aToM cneumduryHo B3aMMOOENCTBYET C Pa3BEeTBEHHON CTPYKTYPOI
[OHK ¢ koHcTaHToM anccoumaumm komnnekca 510 HM. JomeH HMIG2 cam no cebe He 0bnaaaeT CrnoCo6HOCTHIO CBA3bIBATLCA
¢ OHK 1, BeposiTHO, NpeaHa3Ha4eH ans OCYLLEeCTBNeHMS Apyrinx pyHKUMIA nnbo xxe nposienseT JHK-cBA3bIBatoLLYtO aKTVB-
HOCTb B COCTaBe NoIHOpa3MepHoro 6eska.

KnioyeBble crnoBa: MUTOXOHAPUS, MUTOXOHAPWabHbIA reHoM, Abf2p, pekombuHaums
DuHaHcupoBaHue: paboTa BbIMONHeHa Npu nogaepkke Poccuinckoro hoHaa dyHoaMeHTasbHbIX nccnenosaHuii (rpaHT Ne 14-04-31554 mon_a).

><] Ons koppecnoHaeHuum: MNeTp AHapeeBuy KaMeHcKui
119991, r. Mockga, JleHuHckue ropsl, 4. 1, cTp. 12; piotrkamenski@gmail.com

Cratbs noctynuna: 29.09.2015 MpuHaTta Kk nevatun: 09.12.2015

Mitochondria are intracellular organelles that play a key role in
providing most eukaryotic cells with energy through adenosine
triphosphate (ATP) synthesis. Mitochondria obtains from
the cytoplasm most of the compounds needed to function.
However, they have their own genetic information storage and
transfer unit — namely their DNA and protein biosynthesis
system. Mitochondrial DNA (mtDNA) is typically represented
as a closed circular DNA molecule encoding mitochondrial
rRNA, mitochondrial tRNA and protein involved in oxidative
phosphorylation.

Mitochondrial DNA repair is key to maintaining the normal
functioning of the organelle. This is due to the high incidence
of mtDNA damage compared with nuclear DNA [1], caused
by high concentration of reactive oxygen species in the
mitochondria. Homologous recombination is one of the most
important ways of repairing double-stranded breaks both in
nuclear DNA and mtDNA. Indeed, mitochondrial homologous
recombination processes are found in almost all major groups of
eukaryotic organisms (plants [2], fungi [3] and invertebrates [4]).
It is assumed that DNA recombination mechanisms in the
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nucleus and mitochondria are generally similar [5]. The study of
homologous recombination in mitochondrial genome became
particularly essential after obtaining evidence that this process
existsinmammals [5] and that there is link between accumulation
of mediated recombination of deletions and several human
diseases (muscular dystrophy, neurodegenerative diseases),
aging and tumorigenesis process [6)].

Brewer’'s/baker’s yeasts (Saccharomyces cerevisiae) are
extremely convenient object for the study of mitochondrial
processes. In this organism, mitochondria have considerable
functional similarity with human mitochondria. Moreover, yeast
can perform vital functions in the absence of functionally full-
fledged mitochondria, allowing for deletion of the genes of
certain mitochondrial proteins and study of the phenotypic
manifestations of such mutations. The mitochondrial genome
of S. cerevisiae is a structure (nucleoid) organized in space.
The nucleoid contains up to 10 mtDNA copies that interact with
different proteins. Mitochondrial DNA located in the nucleoid
is composed of three-dimensional organization, closely
connected with the mechanisms of replication, transcription,
and inheritance. Laying in the nucleoid also protects the DNA
from the attack of reactive oxygen species, appearing during
oxidative phosphorylation [7].

Abf2p is one of the most widely represented proteins
interacting with mtDNA in the mitochondrial nucleoids in yeast.
It was extracted for the first time in its pure form in 1979 (8],
and the name ‘Abf2p’ was given to it in 1991 [9]. This protein
contains two domains — HMG1 (High-Mobility Group 1) and
HMG2 (HighMobility Group 2). Abf2p is presently the most
studied among other proteins of yeast mitochondrial nucleoid.

Abf2p is a unique protein with the highest basicity among
nucleoid proteins [10]. It generates negative DNA supercoiling
when in contact with a circular plasmid in the presence of
topoisomerase 1 [10]. Abf2 mutant yeast can support mtDNA
growth in YPG medium containing glycerol as a carbon source.
However, when culturing in media with fermentable carbon
sources such as glucose, there is gradual loss of mtDNA [10].
It is also proved that in Abf2p gene mutation, the number of
mitochondrial recombination events when paired with wild-
type strain significantly reduces [11]. Besides, Abf2p stabilizes
Holliday recombination junction intermediates, which also
points to the importance of this protein in recombination [12].

Despite the large number of studies on Abf2p, the molecular
mechanisms of its involvement in MtDNA recombination
processes remain unexplored. The presence of two HMG
domains in mitochondrial DNA-binding protein Abf2p is typical
of most HMGB proteins: they are known to bind DNA minor
groove with limited specificity or completely non-specific [13].
Besides, it is assumed that HMG domains that make up
these proteins bind DNA independently of each other with
similar efficiency [13]. However, mitochondrial HMG proteins
apparently have much broader functionality than their nuclear
homologues. For example, human mitochondrial DNA-binding
protein, TFAm, apart from compaction of nucleoids, is a
transcription factor and is probably involved in the processes
of mtDNA recombination and repair [14]. TFAm is similar to
bacterial HU proteins when it comes to its multi-functionality
and DNA binding characteristics [14]. It is assumed that Abf2p
also possesses multifunctional properties, as it is a structural
analog of TFAm in yeast mitochondria.

In this paper, recombinant proteins corresponding to two
Abf2p domains — HMG1 and HMG2 — were obtained. The
DNA-binding ability of these domains with respect to linear DNA
duplex and structure imitating late homologous recombination
intermediates (Holliday junction) was studied.
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METHODS
Gene cloning and expression

ABF2 gene sites corresponding to domains HMG1 (amino
acid residues 27-115) and HMG2 (amino acid residues
112-183) were amplified using primer pairs abfhmgi1F
(GATACATATGGGTCCTAAAAGGCCC ACATC) / abfhmgiR
(CGTCCTCGAGAGGAAGTTTTTCGTCA  AACTCC)  and
abfhmg2F (GGCGCATATGGAGTTTGACGAAAAA CTTCC) /
abfhmg2R (GAGGCTCGAGAGCATTATATTCTTGG  ATAGC)
respectively. Yeast genomic DNA strain BW303 was used as
a template. The obtained amplification products were treated
with restriction endonucleases Ndel and Xho! (Thermo Fisher
Scientific, USA) and cloned into expression vector pET32a
(Novagen, USA). In this way, we obtained the pET32a_HMG1
and pET32a_HMG2 vectors. Conformity of cloned sequences
with the reference sequence was verified through Sanger
sequencing in a post-genomic lab belonging to the Institute
of Physico-Chemical Medicine of Russia, a Federal Medical &
Biological Agency. The plasmids obtained were transformed
into expression strain Escherichia coli B834 (DEJ), single
colonies of transformants were transferred to a 2xYT liquid
medium with 100 pg/ml of carbenicillin, cultured at 37 °C under
vigorous agitation to OD, ~ 0.6-0.8. After that, expression
of cloned genes was induced by addition of isopropyl p-D-1-
thiogalactopyranoside (IPTG) to a concentration of 0.25 mM.
Culturing was continued at 30 °C for 3 hours. The cells were then
pooled by centrifugation (3000 g, 10 min) and re-suspended in
the starting buffer (25 mM sodium phosphate buffer with pH 7.4;
NaCl 500 mM; imidazole 20 mM). The re-suspended cells were
sonicated in 4 pulses by 15 seconds each at 20 % amplitude.
The cell lysates obtained were centrifuged at 17,000 g for
20 min. Supernatants containing recombinant proteins were
pooled and further purification of the target product was carried
out by metal-chelate affinity chromatography in 1 ml HisTrap
column filled with Ni-NTA sepharose (GE Healthcare, USA),
using high-performance protein chromatography system AKTA
Purifier (GE Healthcare System, US) according to manufacturer’s
recommendations. Elution of target proteins was monitored by
absorbance at 280 nm wavelength. A fraction with the target
protein was immediately transferred into the storage buffer
(25 mM Tris-HCI, pH 7.4; 150 mM NaCl; 5 mM EDTA) using
a5 ml HiTrap Desalting column that contained Sephadex G-25.
Efficient protein transfer to the buffer for storing was monitored
through the absorption peak ratio at 280 nm wavelength to the
conductivity of the solution.

Protein concentrations were determined by absorbance at
280 nm wavelength on NanoPhotometr spectrophotometer
(Implen, Germany) according to known molar extinction
coefficient (12090 M- x cm™' for both proteins) and taking into
account exact molecular weights: 12632.39 12 Da for HMG1
and 10177.58 Da for HMG2.

Assembling DNA structures

The structures used (DNA duplex and Holliday structure)
were collected from the following oligonucleotides - x-FAM
(FAM-AGTCTAGACTGCAGTTGAGTCCTTGCTAGGAC
GGATCCCT), x-com (AGGGATCCGTCCTAGCAAGGACTCAA
CTGCAGTCTAGACT), b (AGGGATCCGTCCTAGCAAGGGGC
TGCTACCGGAAGCTTCT), r (A\GGAATTCAACCACCGCTCAA
CTCAACTGCAGTCTAGACT), h (AGAAGCTTCCGGTAGCAGC
CTGAGCGGTGGTTGAATTCCT) — which are similar to those
in the study by Duckett & Lilley [15]. Linear double-stranded



DNA was pooled from x-FAM and x-com oligonucleotide,
while Holliday structure was collected from x-FAM, b, r and h
oligonucleotides. The pooling was performed as follows. 5l of 1
um of solution of labeled oligonucleotide (x-FAM) and 51 2 mM
of solutions of other oligonucleotides were added to 20 mcl of
double buffer (Tris-HCI 25 mM, pH 7.5; NaCl 150 mM), and
if necessary, adjusting the volume of the reaction mixture to
40 pum of deionized water. The reaction mixture was heated in a
water bath to a temperature of 95 °C, and then passively cooled
over 3 hours to 25 °C.

Electrophoretic mobility shift assay (EMSA)

Each of the reaction mixtures consisted of 2 mcL of 5-fold EMSA
buffer (100 mM Tris-HCI, pH 8.0; 1 M NaCl; 1 mg/ml BSA;
35 % glycerol), 1 mcL of 100 nM of solution of DNA structures
and various concentrations of the recombinant protein. The total
volume of each reaction mixture was 10 mcL and if necessary,
brought to the final volume using deionized water.

The reaction mixtures were incubated for 15 minutes in the
dark at room temperature. Thereafter, they were applied to 6%
polyacrylamide gel (20 x 20 cm) prepared on TBE buffer (90
mM Tris-borate, 2 mM EDTA). Before applying the samples,
the gel was subjected to preliminary electrophoresis at 400 V
for 40 minutes with active cooling to a temperature of 10°C.
Electrophoretic separation of samples was performed for 120
minutes under the same conditions. After electrophoresis, the
gelwas scanned using Storm 860 scanner (GE Healthcare, USA)
with blue fluorescence excitation. The resulting images were
analyzed using the Imaged program, determining the area for
each track and the fluorescence band intensities of the bound
and free DNA. By ratio of integral values of the fluorescence
band intensities to the sum of the band areas in the track, free
and bound DNA concentrations were calculated. Dissociation
constants were calculated using the formula:

K, = [Df] x [P, — Db] / [Db],
where [Df] is the free DNA concentration, [Db] is bound DNA
concentrationand[PQJisproteinconcentration. Allconcentrations
were expressed in nM. At least three independent experiments
were carried out for each DNA/recombinant protein pair.

RESULTS
Obtaining recombinant proteins

In order to clarify the role played by each of the HMG domains
of mitochondrial protein Abf2p in performing its functions,
recombinant proteins corresponding to both domains were
obtained. After isolation and purification of these proteins, their
degree of purity was assessed using denaturing electrophoresis
(Fig. 1). The resulting protein preparations had sufficient purity
for further research. The recombinant proteins yielded 8 mg/I
culture for HMG1 and 4.2 mg/| culture for HMG2.

Analysis of interaction of individual HMG domains with linear
and cruciform DNA

As already noted, the HMG domains of HMGB proteins are
presently believed to bind DNA independently of each other
with similar efficiency. To verify whether this is true of Abf2p, we
analyzed the binding of linear DNA duplex of 40 base pairs (bp)
and synthetic cruciform structure that mimics the Holliday
structure, with the obtained recombinant proteins through
EMSA.

HMG1 domain in the conditions used by us almost did not
interact with the linear DNA (Fig. 2, A). It was only at high protein
concentration (500 nM) that lower band intensity corresponding
to free DNA was observed. However, there was no formation
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of complex (which would have been visible as a clear band at
the top of the gel). From this, it can be concluded that HMG1
weakly and nonspecifically interacts with linear DNA. However,
it effectively bound with cruciform structure. DNA/protein
complexes were detected even at a protein concentration of
100 nM (Fig. 2, A, C1). Through three independent experiments,
we calculated the apparent dissociation constant of the HMG1
complex with cruciform DNA. The constant was equal to
510 +11.78 nM. At the same time, the HMG2 domain did not
form complexes with linear DNA duplex nor with cruciform
structure. Even at concentrations of recombinant protein equal
to 1 pm, there was no reduction in the intensity of the band
corresponding to free DNA (Fig. 2, B).

According to various literature sources, full-length protein
Abf2p forms a complex with linear DNA with a constant from
40 to 150 nM, that is, considerably smaller than HMG1 should
[11, 15]. It was assumed that increased affinity of the full-length
protein to DNA with respect to HMG1 is due to interaction of the
two domains. To verify this assumption, we conducted an EMSA
experiment after incubation with a mixture of two recombinant
proteins. The results showed that addition of HMG2 does not

1 2 3 4 5 6 7 8

Fig. 1. Isolation and purification of recombinant proteins corresponding to HMG1
and HMG2 domains of the Abf2p protein

Recombinant proteins were purified by metal affinity chromatography on Ni
sepharose. 1 — molecular weight markers (the molecular weights of marker
proteins are shown on the left); 2, 6 — damaged cell lysates; 3, 7 — factions that
didn’t interact with affinity column; 4, 8 — purified preparations of recombinant
proteins HMG1 and HMG2 respectively.
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Fig. 2. Analysis of the binding of recombinant proteins corresponding to HMG1
and HMG2 domains with DNA using EMSA

Linear DNA duplex (double-stranded DNA - dsDNA) and cruciform DNA (4-way
junction — 4wj) at a concentration of 10 nM were incubated with increasing
concentrations of recombinant proteins, after which the reaction mixtures were
separated in 6% polyacrylamide gel. (A) Binding with DNA of HMG1 domain;
1-4 — interaction with DNA duplex, 5-9 — binding with cruciform DNA; C1 —
resulting complex. (B) Binding with DNA of HMG2 domain; 1-3 — interaction
with DNA duplex, 4-6 — binding with cruciform DNA. The lower part of the figure
shows the used concentration of recombinant proteins (in NM).
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affect the characteristics of DNA binding with HMG1 (data
not shown).

DISCUSSION

Based on data obtained, the following can be concluded. HMG1
domain makes a major contribution to the DNA binding activity of
Abf2p. Here, the HMG2 domain does not possess direct DNA-
binding activity in vitro. However, it is important for performance
of this function by the full-length protein since the dissociation
constant of the HMG1/linear DNA complex, according to our
results, is more than 1 pm, while the dissociation constant
of the same complex with Abf2p is lower by 1-2 orders of
magnitude. It should be highlighted that HMG1 can, similarly
to full-length protein, specifically bind cruciform DNA structure.
This feature is characteristic of many HMGB proteins involved
in maintaining DNA integrity of the process, namely repairing by
recombination [14]. There are reports that Abf2p is important
for homologous recombination of yeast mitochondrial DNA,
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and apparently, the specificity of binding of full-length protein
is achieved directly by HMG1 [11, 12]. The role of HMG2 in the
various functions of Abf2p is less obvious. As our data show,
HMG2 by itself does not bind to a linear or branched DNA in
the selected experimental conditions. This is quite unusual for
HMG domain. Nevertheless, relying on the results obtained, it is
not clear whether HMG2 can exhibit DNA-binding activity inside
a full-length protein. Apparently, apart from strengthening the
DNA-binding properties of HMG1, the second domain may be
involved in Abf2p interaction with other proteins, for example, in
attracting enzymes needed for repair and recombination.

CONCLUSIONS

The study conducted allowed to establish that the HMG1
domain of yeast mitochondrial protein Abf2p is not specific and
weakly binds linear DNA, at the same time forming a specific
complex with cruciform DNA with a dissociation constant of
510 nM. HMG2 cannot bind with DNA by itself in vitro.
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STABILITY OF GADOLINIUM-BASED CONTRAST AGENTS IN THE PRESENCE OF
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To improve the safety of Gd*-based contrast agents (GBCA) in clinical practice, it is recommended to use the most stable
substances and to consider conditions determining their stability. The aim of this study was to compare the stability of GBCAs
for magnetic resonance imaging in the presence of zinc and calcium ions and polyvinylpyrrolidone (PVP) in water, phosphate
buffer solution and blood serum using proton NMR relaxometry. The study demonstrated that macrocyclic gadobutrol is more
stable than all linear contrast agents. The addition of PVP (10 mg/ml) improved the stability of linear GBCAs in phosphate buffer
solution and blood serum. Calcium ions have a much weaker destabilizing effect on GBCAs than zinc ions.
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CTABUJ1IbHOCTb FTAAO/IMHUACOAEPXALLUX MATHUTHO-PE3OHAHCHbIX
KOHTPACTHbIX CPEACTB B NPUCYTCTBUU UOHOB LIUHKA U KAJIbLIUA
B PA3JIMMHbIX CPEAAX
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Poccunckunin HaumoHabHbIN MCCNeaoBaTenbCKUn MeOULUMHCKNIA yH1BEpCUTET UMeHn H. . Muporosa, Mocksa

2 [labopaTopust pas3padboTky METOAOB W TEXHONOT WA Ty4eBO Tepanin,
denepanbHbIi MEANLIMHCKUN B1ohnandeckmnii LeHTp Menn A. W. BypHassaHa, Mocksa

8 JTabopatopust paavoHYKIMAHBIX 1 NyHEBbIX TEXHOMOIMIN B 9KCNEPUMEHTASIBHOM OHKOOMK,
Poccunckinin oHKoNorn4ecKnii HayyHbIn LeHTp nmvenn H. H. BnoxuHa, Mockea

[ns noBbiLLeHNs 6e30MaCHOCTN KIIMHUHYECKOrO UCMONb30BaHNSA raAoNMHNACOAEPXKALLX MArHUTHO-PE3OHAHCHBIX KOHTPACT-
Hbix cpencTs (MPKC) pekomeHgoBaHO MpUMEHSATh Hanbosee CTabunbHble MpenapaThl U y4UTbIBaTb YCOBUS, ONpeaensitoLLme
nx cTabunbHocTb. Llenbto nccnenoBaHnst Gbin CpaBHUTENBHBINM aHann3 ctabunbHocTn Gd®*-copepxkamx MPKGC B npucyT-
CTBUM VOHOB LMHKA, KaJlbLIMSA 1 MONVBUHUANMPPOVAOHA B BoAe, hocaTtHoM Bydepe 1 CbIBOPOTKE KPOBW C MCMONb30Ba-
HMeM MeTofda MPOTOHHON AMP-penakcomeTpun. Beino nokasaHo, YTO MakpOLMKINYECKUIA ragobyTpon obnagaet 60nbLuein
CTabnbHOCTLIO, YeM Bce NnHerHble MPKC. MonvBuHunnnpponaoH (10 Mr/mn) cnocobeH  ynyyiunTb CTabunbHOCTb n-
HelHbIx MPKC B docthatHoM Bydepe 1 CbIBOPOTKE KPOBU. VIOHBI KabLMA 0B6naaatoT 3HAYUTENIbHO MEHEE BbIP2XKEHHBIM
nectabunuaunpyromm genctarem Ha MPKC, yeM 1MoHbI LHKa.
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[t is known that gadolinium-based contrast agents have found
their widest application in MRI studies [1]. Although gadolinium
is present in them as a chelate, one should bear in mind that
the toxicity of this rare earth element in its free form can be
compared to that of mercury and lead [2] and that the stability
of gadolinium-based magnetic resonance contrast agents
(MRCAs) varies and is determined by two major factors:
1) a chemical structure of a chelator; 2) a presence of some
organic and non-organic ligands in the medium that can
compete for binding to Gd®* ions or a chelating compound thus
facilitating Gd** release.

Using an unstable contrast agent can be life threatening for
patients with impaired renal function since free gadolinium retains
in tissues and can cause nephrogenic systemic fibrosis [3-5].

Recent studies demonstrated an increased intensity signalin
such brain structures as globus pallidus and dentate nucleus on
unenhanced T,-weighted MR images in patients [6] or laboratory
animals [7] who had received low stability linear MRCAs before,
which is possibly related to Gd** depositing. After administration
ofhigh stability macrocyclic MRCASs, no such “residual” increased
signal was observed. It is also known that gadolinium release
from MRCAs depends on the presence of various ions in the
surrounding medium [8]. Therefore, a complex study on how
the above mentioned factors interact can shed some light on
the dynamics of Gd** release from a chelate complex in various
media, as well as estimate the risk of administering certain
contrast agents to patients with renal insufficiency or conditions
accompanied by increased zinc or calcium ions concentration
in blood. Improving the stability of these contrast agents, as by
means of adding a substance with strong chelating properties, is
also important. Polyvinylpyrrolidone (PVP) with its chelating and
detoxifying properties can be regarded as such a substance [9].

The aim of this study is to conduct the comparative analysis
of the stability of Gd*+-based MRCAs in the presence of zinc
ions, calcium ions and PVP in water, phosphate buffer solution
and human serum.

METHODS

The following linear Gd*+-based MRCAs were studied:
gadopentetate dimeglumine (Magnevist 0.5 M, Bayer,
Germany); gadobenate dimeglumine (MultiHance 0.5 M,
Bracco, ltaly); sodium gadopentetate + PVP (Dipentast
0.125 M, Epidbiomed Group of Companies, OO0, Russia);
gadopentetate-p-cyclodextrin (Cyclogadopentetate 0.125 M,
Epidbiomed Group of Companies, OOO, Russia), and
gadobutrol, a macrocyclic MRCA (Gadovist 1 M, Bayer,
Germany)

Contrast agents stability was assessed by proton NMR
relaxometry (Minispec mq 20, Bruker, Germany). Gadolinuim
release from a chelate affects proton relaxation times in the
medium [10]. T, relaxation time was measured since MR
signal intensity depends on this parameter. Stability assays of
the substances listed above were performed in distilled water
(PH 6.0), phosphate buffer and blood serum (pH 7.4). In the
experiments with zinc, stability of five MRCAs was assessed,
i.e. gadopentetate dimeglumine, sodium gadopenetate with
PVP, gadopentetate-B-cyclodextrin, gadobutrol and gadobenic
acid, whereas in the experiments with calcium only gadopentate
dimeglumine was involved.

To obtain 0.2 M phosphate buffer (pH 7.4), aqueous
solutions of NaH,PO, and Na,HPO, were prepared [11].
Blood serum was obtained from the patients of A.N.Ryzhikh
State Scientific Centre for Coloproctology. All donors signed
the informed consent to their biological material being used in
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the scientific research under the conditions of respecting their
privacy and confidentiality. Blood was collected in sterile tubes
with a clot activator and a barrier gel. Serum was obtained by
centrifuging blood at 1200 g for 10 minutes and stored frozen
at =20 °C for no more than 10 days. Prior to freezing, serum
samples were tested for albumin concentration on Spotchem
EZ SP-4430 clinical chemistry analyzer (Arkray Inc., Japan).
Then the samples were diluted in phosphate buffer until aloumin
concentration of 10 M (close to physiological) was obtained.

A 200 mM ZnCl, aqueous solution (Komponent-reaktiv,
Russia) was prepared by dissolving the weighted amount of
2.7 gin 100 mi distilled water. The final concentration of ZnCl, in
the sample was 2 mM. While adjusting ZnCl, final concentration,
we drew on the study by M. Taupitz et al. [12] that demonstrated
the most illustrative results at this particular ZnCl, concentration.
The concentration of the initial CaCl, aqueous solution
(Komponent-reaktiv, Russia) was also 200 mM (2.2 g CaCl, in
100 ml distilled water), the final concentration in the sample
was 2 mM. The initial aqueous solution of PVP (Kollidon® 17 PF,
BASF) was prepared by dissolving 500 mg PVP powder in 1 ml
distilled water.

To assess the stability of the studied MRCAs, two samples
were prepared simultaneously. The first sample was a 0.2
mM MRCA solution. T, relaxation time of the 0.2 mM MRCA
solution was measured at 40 °C (temperature value in the
sample chamber of the MR relaxometer). Then a zinc chloride
or calcium chloride solution was added to the sample until the
final concentration of 2 mM was reached; then relaxation time
was measured again. After that the sample was incubated in
the thermostat at 40 °C; T, measurements were repeated in 1,
2 and 24 hours. The second sample was similar to the first one,
the difference being a PVP solution with a final concentration
of 10mg/ml added to it after adding zinc chloride or calcium
chloride. In the second sample relaxation time was measured
at the same time points.

Within the framework of this study all experiments were
repeated sixfold to improve the reliability of the results. Using
Statistica 10 software, mean values and standard deviations
were computed. Because of the normal distribution of the
obtained data (in all cases of sample checks using the
Kolmogorov-Smirnov test, the p-value was substantially higher
than 0.05), a statistical significance of differences between the
means was determined by Student’s t-test, the difference being
significant with p <0,05.

RESULTS
Effect of zinc ions on MRCAs stability

In distilled water T, longitudinal relaxation time of all linear
MRCAs shortened by an average of 23-28% (Fig. 1) in the
absence of PVP 24 hours after the addition of zinc chloride.
In the gadopentetate dimeglumine sample T, value lowered by
25.7 + 0.6 %, in the sodium gadopentetate sample — by
28.1 £ 0.7 %, in the Cyclogadopentetate sample (CGP)— by
22.0 = 0.5 %, in the gadobenate dimeglumine sample— by
24.8 + 0.4 %, respectively. For macrocyclic gadobutrol T, did
not change significantly.

In phosphate buffer without PVP, T, of all linear MRCAs
lowered by an average of 13-19 % 24 hours after the addition
of zinc chloride. We observed a reductionin T, by 18.1 + 0.7 %
in the gadopentetate dimeglumine sample, a reduction by
19.3 + 0.8 % in the sodium gadopentetate and PVP sample, a
reduction by 12.8 + 0.6 % in the CGP sample, a reduction by
15.9 + 0.5 % in the gadobenic acid sample. In the gadobutrol



sample T, did not undergo any significant alterations (Fig. 2).
The lowest T, value was observed 1 and 24 hours after the
addition of zinc chloride as opposed to its immediate reduction
in the previous series of experiments with distilled water being
a medium.

After adding PVP to gadopentetate dimeglumine, T,
decreased by 7.9 + 0.7 %, in the sodium gadopentetate sample
it decreased by 12.3 + 0.7 % (Fig. 3). Thus these MRCAs
showed a statistically significant improvement in stability in the
presence of PVP by an average of 10% and 7 %, respectively.
PVP improved the stability of CGP by 13 %, with T1 displaying no
significant changes 24 hours after its addition. In the gadobenic
acid sample T, final values in the presence and in the absence
of PVP did not show a significant difference. No effect of zinc
ions on gadobutrol relaxation time was observed in phosphate
buffer in the absence or presence of PVP.

In blood serum in the absence of PVP T, of MRCAs
decreased by an average of 31-61 %, the most significant
reduction was observed 1 and 24 hours after the addition of
zinc chloride to the solution (Fig. 4). Of all linear MRCAs the
best stability figures were observed in CGP— T, decreased by
an average of 31.2 + 0.3 %; the worst results were observed
in gadopentetic acid salts: in the dimeglumine salt sample T,
decreased by 61.2 + 0.6 %, in the sodium salt sample — by
56.1 = 0.1 %. In the gadobenic acid samples T, lowered by
50.2 + 0.1 %, in the gadobutrol samples no significant decrease
in T, was observed. Stability improvement of gadobenic acid by
PVP was slight, but statistically significant (by 5%). PVP did not
have any effect on the stability of other MRCAs (Fig. 5).
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Effect of calcium ions on MRCAs

Exposed to calcium and zinc ions, gadopentate dimeglumine
showed no significant variation in T, in the absence of PVP in
water, and a T, reduction by 7.8 £ 0.7 % and 9.1 £ 1.1 % in
phosphate buffer and blood serum respectively. The addition
of PVP resulted in a statistically significant improvement in
gadopentetate dimeglumine stability in phosphate buffer and
blood serum. In the tests with calcium ions gadopentetate
dimeglumine stability did not change in the presence of PVP in
water, which a constant T, value is indicative of.

DISCUSSION

According to the obtained results T, longitudinal relaxation time
shortens in all linear MRCAs samples after the addition of zinc
regardless of PVP presence. A shortened T, relaxation time
can be explained by a transmetalation reaction between zinc
and a MRCA molecule: zinc ions replace gadolinium ions in a
chelate, while in its free form gadolinium can shorten the proton
relaxation time in the medium. Zinc ions did not have any effect
on macrocyclic gadobutrol.

The results of our work demonstrate a higher stability of
macrocyclic MRCAs and confirm literature data on gadolinium
dissociation in vivo when linear MRCAs are used as opposed
macrocyclic [13]. They also confirm that zinc facilitates
gadolinium release from linear but not macrocyclic chelates as
a result of transmetalation [12].
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In serum diluted down in phosphate buffer to albumin
concentration of 10 M, T, decreased more than in two other
media within 24 hours. It is probably the result of a larger
number of compounds in the serum that can interact with both
positively charged Gd** ions (phosphate, citrate, carbonate,
heparin and others) and negatively charged chelates (metal
cations), which leads to the destabilization of a large number
of MRCAs molecules and creates a higher concentration
of free gadolinium compared to other media. As a result, T,
reduction in blood serum tests is the most considerable. The
results of tests with zinc and calcium ions showed that calcium

1, 2016 | VESTNIKRGMU.RU

ions effect on gadopentetate dimeglumine stability is weaker.

PVP significantly improved stability of three studied linear
MRCAs in phosphate buffer, as opposed to water solution.
Thereby a question of adding PVP as an auxiliary component
to the pharmaceutical forms of linear MRCAs should be raised.

In patients with renal insufficiency MRCAs half-life is
prolonged. Administering linear MRCAs, specifically non-ionic
that are less stable than macrocyclic, to such patients should be
avoided [14]. This recommendation is also relevant for patients
with conditions accompanied by increased zinc and phosphate
levels in blood.



CONCLUSIONS

Macrocyclic gadobutrol is more stable than other studied linear
magnetic resonance contrast agents. Zinc ions do not have
any effect on its relaxation properties. Linear MRCAs show the
highest stability in the presence of zinc ions in phosphate buffer,
and the lowest stability in blood serum. Polyvinylpyrrolidone
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APPROACHES TO IMPROVING TUBERCULOSIS CARE IN HIV-INFECTED
PATIENTS AND CRITERIA FORITS EVALUATION
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Despite various anti-tuberculosis measures in the setting of HIV infection, the epidemiological situation of tuberculosis in
Russia is deteriorating. We have analyzed the data of statistical report form no.61 for years 2004-2014, surveillance data on
individual TB cases with HIV coinfection for years 2004-2014 (personal data) and TB care arrangements for patients with HIV
in 20 regions. The main causes of the deteriorating epidemiological situation are the growing immunodeficiency in patients with
TB coinfection, unseparated epidemiologically dangerous patient flows (patients with tuberculosis and HIV-infected patients)
and low quality preventative measures in special care medical facilities. Chemoprophylaxis can be an effective method of
controlling the spread of tuberculosis among HIV-infected patients if it is recommended by a qualified tuberculosis therapist to
patients adhering to regular drug intake under supervision of medical personnel. Otherwise a large scale chemoprophylaxis can
result in an increased proportion of patients with drug-resistant tuberculosis. This works suggests criteria for the evaluation of
tuberculosis care effectiveness considering the pathogenesis of the disease during late stages of HIV.
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NOAXOAbI KYCOBEPLUEHCTBOBAHUIO NPOTUBOTYBEPKYAE3HOM
MOMOLLU BOAbHbIM BUM-UHOEKLIUEU U KPUTEPUU EE OLLEHKHU

O. IN. ®ponosa'™ . B. LLyknHa?, O. A. HoBocenosa', B. A. CtaxaHog®, A. b. KaseHHbIn*

"LleHTp NpoTnBOTY6EPKYNE3HOM MOMOLLM 6OMNbHbIM BUY-nHMekLmen,
[NepBbit MOCKOBCKUIA FOCYAAPCTBEHHbIN MEAVLIMHCKUM YHUBepCUTET umeHn 1. M. CedeHosa, Mockea

2YnpaBneHne opraH13aummn MeanKo-caHNTapHOro obecneyeHs,
denepanbHas cnyxda MCNoNHeHNsA HakasdaHnin Poccun, Mockea

s Kadbenpa dhrtmanatpum, nedebHblin dhakynsTeT,
Poccumckinin HaumoHanbHbIN MCCneaoBaTenbCKUN MeanUMHCKUN yH1BepcuTeT nMmenn H. W. MNMinporosa, Mockea

4MpoTtrBoTYOEPKYNE3HbIN ancnaHcep, benropon,

HecmoTpst Ha pasnnyHbie Mepbl Mo Bopboe ¢ TYDEPKYNE30M, CoHeTaHHbIM C BlY-1HeKkumen, snaemMmnmonormieckast cutya-
uMst No 3aboneBanHnio B Poccumn mpoaomkaeT yxyawarbea. Hamm Obiim npoaHammanpoBaHbl AaHHble OTHETHOW (hopMbl Ne 61
3a 1999-2014 rr., gaHHble NEPCOHNMULIMPOBAHHOIO MOHUTOPWHIA 60SbHBIX TYOEPKYNe30M, codeTaHHbIM ¢ BNY-uHdekumen,
3a 2004-2014 rr. (MMyHble OaHHbIE) U OpraHn3aumst MPOTUBOTYOEPKyYNE3HOM NOMOLLIM 6oMbHbIM BIY-nHdekumnen B 20 peru-
oHax. OCHOBHbIMW MPUHMHAMM YXYOLLEHNST SMMAEMUONIONMHECKON CUTYaLIN SBASKOTCA HapacTaHve MMMyHoaeduumita cpenm
NaLMEHTOB C COYETaHHbIM TyOEepKye30M, OTCYTCTBME PasfaeneHns SNMAEMMOIOrMYECK ONacHbIX MOTOKOB NaUMEHTOB (60sb-
HbIX TY6epKyne3om 1 60bHbIX BUY-1HMEKLIMEN) 1 HEBBICOKII YPOBEHb MPOMUIAKTUHECKOM PabOThl B CNELManM3npOBaHHbIX
MEOVLIMHCKUX YHpeXaeHVaX. XUMMUONPOoMUnakTka MOXXET ObiTb 3dEKTVBHBIM CPEACTBOM 60pPbObI C PaCnpPOCTPaHEHNEM
Ty6epkynesa cpeay 60nbHbIX BNY-nHdbekumen, ecnm oHa byaet HasHavaTbCst MOArOTOBMEHHbIM BPaHOM-(DTU3MAaTPOM NaLeH-
Tam, FOTOBbIM MPUHUMATL NIeKapCTBa Mo, HAGMOAEHNEM MEOMLIMHCKOIO NepcoHana. ViHave macLutabHas XuMm1onpogunakTi-
Ka MOXXET BbI3BaTb POCT A0/ MALIMEHTOB C TyOEPKYNE30M C NIEKAPCTBEHHOW YCTONHNBOCTHIO. [1peaN0KEHbI KOUTEPUM OLIEHKI
3P HEKTUBHOCTI MPOTUBOTYOEPKYNE3HOM MOMOLLIM C YHETOM NaToreHesa 3abonesaHnsa Ha No3aHuX ctagmsx B/Y-mHpexkumn.

Knto4eBble cnosa: Tybepkynes, B/Y-uHdekuns, npoTnBoTy6EepKyNne3Hasa MoMOLLb, XMMUONPoduakTka TybepKynesa

BnarogapHocTu: asTop 6narogaput EneHy bensikosy 13 MockoBCKOro 06i1acTHOro NMpoTUBOTY6epKyneaHoro avcrnancepa (Mocksa) 3a KOHCysTaLm
npwv 06Cy>XKAEHNM BOMPOCOB OpraHn3aLm NpoTMBOTY6EPKYNE3HOM NOMOLLIM 60MbHbIM BINY-HbeKLmer.
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The World Health Organization defines the fight against
tuberculosis among HIV-infected patients as one of the priorities
in health care, while high-quality epidemiological surveillance
is an important aspect here [1]. Russia is also developing a
strategy for combating tuberculosis among persons with HIV
infection [2]. Discussions on the epidemiological situation and
approaches to tuberculosis care delivery to HIV-infected TB
patients began in the late 1990s [3, 4].

Russiabeganin 1999 to keep records of TB patients with HIV
infection according to report form No 61 of the Federal statistical
surveillance  “Information About HIV Patient Population”. In
2001, the first results of its analysis were published [5], while
in 2002, the first doctor’'s TB care manual for HIV patients
was published [6]. Later, approaches developed by Russian
researchers were approved by WHO experts and issued by
joint recommendations [7, 8]. Russia became the first and still
the only country that introduced a personalized monitoring
system for TB patients with HIV infection [9]. In 2008, doctors
in the regions started entering a number of information about
cases of tuberculosis in HIV-infected patients into report form
No 61 based on personalized monitoring data. In 2004, under
the auspices of the Russian Ministry of Health, the country
launched a training program for TB specialists and infectious
disease experts working with HIV-infected patients. In 2014,
Russian Society of Phthisiologists issued the Federal Guidelines
for the Diagnosis and Treatment of Tuberculosis in HIV-Infected
Patients. The Guidelines expanded and modernized the
approaches to tuberculosis chemoprophylaxis [10]. A draft
instruction on TB chemoprophylaxis in HIV-infected patients
is currently being discussed. It has been sent to regional
centers for prevention and control of AIDS. The authors of this
article have a copy. However, despite the measures taken, the
epidemiological situation of the disease continues to worsen.

We analyzed the data from report form No 61 collected
between 1999 and 2014 and data obtained from personalized
monitoring of TB patients with HIV infection for 2004-2014
(personal data). We also examined how provision of TB care
to HIV patients is organized, as well as information materials
about the disease provided to patients in 20 regions. The aim
was to identify possible causes of inefficiency of the existing
TB care approaches for HIV patients. Based on the analysis,
some measures on how to improve TB care to HIV patients
were proposed.

Analysis of the epidemiological situation

According to report form No 61, there were 0.2 TB cases per
100,000 persons with HIV infection in 1999. The figure rose
to 9.8 in 2014. Prevalence of the disease has also risen from
0.35 to 25.8 cases per 100,000 persons. Tuberculosis is
increasingly becoming a cause of death in HIV-related severe
immunodeficiency: in 2008 (the beginning of record keeping in
form No 61), tuberculosis accounted for 75.7 % of deaths in
patients with advanced HIV infection. By 2014, the figure has
risen to 86.9 %. Considering the pathogenesis of tuberculosis
in the late stages of HIV infection, it can be assumed that the
main cause of a rise in tuberculosis in Russia is precisely an
increase in immune deficiency among HIV patients.

Another reason for the deterioration of the epidemiological
situation is the low level of preventive measures among TB
patients with HIV infection. For example, in 2014, 7.8 % of
such patients had HIV-infected family members. However, in
the information materials for them, we found no information
about tuberculosis preventive measures in the family and about
TB peculiarities in the late stages of HIV infection. This led to a
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rise in the incidence of tuberculosis in children with early stages
of HIV infection: 143 children with TB infection in 2014 and
47.5 % of them had early-stage HIV infection. This means that
tuberculosis in these children was not caused as a result of
immunodeficiency.

Survey of HIV patients for tuberculosis in different regions
showed that it is often at the stage of examination that conditions
for the spread of tuberculosis are formed. For instance, for
the exclusion of TB, persons with severe immune deficiency
were hospitalized for diagnosis in the TB unit, where there may
be patients with yet undiagnosed tuberculosis with bacterial
excretion. Sometimes, all HIV-infected patients are hospitalized
in one unit regardless of whether there is bacterial excretion
or indications for hospitalization (diagnosis or treatment).
This procedure aggravates the epidemiological situation
of tuberculosis among HIV-infected patients. For example,
among patients with mycobacteriosis (with HIV infection) who
were treated in TB facilities, 9 % were infected and fell sick of
tuberculosis [12].

Efficacy of tuberculosis chemoprophylaxis

Tuberculosis chemoprophylaxis in HIV-infected persons is
undoubtedly one of the most effective means of preventing the
spread of the disease if drug administration is controlled by a
doctor. However, ensuring such a control is extremely difficult
because most of the patients with HIV infection are socially
disadvantaged individuals. For instance, in 2014, among
HIV patients with tuberculosis, 75.5 % were of working age
who were not working for a long time, 66.2 % were infected
through drug injection, 42.1 % were currently or previously in
prisons. In this connection, an indication to provide coverage of
tuberculosis chemoprophylaxis for at least 50 % of HIV-infected
patients [13] is worrying because it can trigger increase in drug
resistance in mycobacterium tuberculosis.

This assumption is supported by data obtained from
personalized monitoring conducted by us: in 2011, primary
multidrug-resistant tuberculosis (caused by an organism that
is resistant to at least isoniazid and rifampin) was detected in
41 % of patients, while in 2014, the figure increased to 42.1 %.
Besides, primary drug-resistant tuberculosis (caused by an
organism that is resistant to other two or more drugs) was
observed in 15.4 % of patients in 2011 and 15.9 % in 2014.
The situation is worse in prisons: in 2014, primary multidrug-
resistant TB (MDR-TB) was identified in 55.9 % of patients,
while primary multidrug-polyresistant TB in 16 % (obviously due
to the fact that patients in such places are extremely socially
disadvantaged, and that the infection source is a person at the
same place). It is important to note that these parameters are
not decreasing.

The question now is whether uncontrolled TB
chemoprophylaxis of HIV patients will be an additional
reason for emergence and spread of mycobacterium strains
that are resistant to anti-TB drugs. Will this uncontrolled TB
chemoprophylaxis be effective even when drugs are taken
regularly, if the draft instruction on TB chemoprophylaxis
encourages HIV patients to take rifampicin to which there is
primary drug resistance in many of the patients and which is
not combined with antiretroviral drugs included in the basic HIV
treatment scheme? In addition, there are doubts over whether
it is possible to cover such a number of HIV-infected patients
(at least 50 %) since, according to our data, about 30 % of
them are not included in records at HIV/AIDS prevention and
control centers (HAPCC). Moreover, over 12 % of patients
on record do not undergo medical examination. At the same
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time, requiring HIV-infected patients to visit a clinic without their
consent has been prohibited by law since 1995 [14].

In our opinion, only a TB doctor can prescribe tuberculosis
chemoprophylaxis to HIV patients. Such doctor must be trained
on this problem and the patients must be only those who are
committed to regular use of drugs. Drug administration itself
should be under the supervision of an HAPCC medical staff or
personnel of a unit providing such functions at the municipal
level. Tuberculosis chemoprophylaxis of HIV-infected patients
at TB facilities, that is, at the infection source, is unacceptable.

Ways of improving the quality of TB care to HIV-infected
patients

Itis necessary to deploy a procedure for TB care to HIV patients
that would minimize the likelihood of contact with severely
immunocompromised persons and TB patients.

Medical care to TB patients with HIV infection should be
provided at different TB facilities, depending on whether the
patient has bacterial excretion and there is drug resistance in
mycobacterium tuberculosis. For their treatment at a TB clinic,
the salaries of TB doctors and infectious disease physicians
must be provided for. Doctors may be taken into these positions
only after occupational retraining. Their number should be
determined by load (number of patients). Both specialists must
be staff of the entire clinic and not just of a single ward, and
manage HIV-infected patients distributed in the wards.

To minimize the likelihood of contact with patients with
advanced HIV infection and tuberculosis patients with bacterial
excretion, only TB specialists should terminate a TB treatment
in the continuation phase at persistent absence of bacterial
excretion. But this should be done at facilities providing
specialized care to HIV patients. The same is true of follow-
up of patients from the third record group. Treatment of
HIV-infected patients with chronic forms of tuberculosis with
bacterial excretion should be done only at a TB clinic.

Thus, most of the work on prevention, detection and
diagnosis of tuberculosis, as well as differential diagnosis of
tuberculosis and other secondary diseases in HIV infection
should be conducted by HIV care facilities.

Criteria for assessing the efficiency of TB care in HIV-
infected patients

Some standard criteria in TB are not relevant in the later stages
of HIV infection and may compromise the work of TB facilities.
For example, it is not proper in cases where TB detection in
patient at the later stage is considered as not satisfactory.
This is so because in a person with severe immune deficiency,
clinical manifestations of the disease often develop before
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OPrAHU3ALMU B COEPE 31PABOOXPAHEHUA
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B cTaTbe npuBeneHsl OCHOBHbIE METOMb! OLEHKM AESTENbHOCTU POCCUMCKNX MEOVLIMHCKIMX HayYHbIX opraHiaaumii. OnncaHsb!
KOMMYECTBEHHbIE 1 Ka4eCTBEHHbIe NokasaTteny atheKTMBHOCTY. [peacTaBeH MMPOBO OMbIT, NPOBEAEH CPaBHUTESNbHbIN
aHanM3 METOLIOB OLIEHKM, CMONb3yeMbIx B Poccum 1 3a py6exoM. PaccMOTpeHbI MUPOBbIE TEHAESHUWW PasBUTYS NOAXOLAO0B
K 13YyHeHMo 3thEKTUBHOCTY HayYHbIX YHpeXaeHMA. Ha ocHOBaHWM NPOBEAEHHOMO aHan3a NPoOeMOHCTPYPOBaHb! yoean-
TeNbHble AaHHbIe O HEOOXOAVMOCTI Pa3pPaboTKM 6ONee COBEPLLEHHBIX KPUTEPVEB OLEHKM OEATENbHOCTU HayYHbIX MeaULVH-
CKUX OpraH1sauuii.

KntoueBble cnoBa: oueHka OeATelbHOCTY MEQUUMHCKIX Hay4YHbIX OpraHusaunii, pesynstatuBHOCTb U BOCTDeGOBaHHOCTb
Hay4HbIX UCCNefoBaHWA, KagpoBbli NOTeHUMas, HTerpaumsi B MMPOBOE Hay4YHOE MPOCTPAaHCTBO, PacnpoCTpaHeHve Hay4-
HbIX 3HaHWI, MOBbILLEHNE MPECTKA HAaYKN, PeECypPCHOe obecneyeHne OesTenbHOCTH Hay4HOW opraHmMsaumn
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A modern approach to assessing the performance of medical
research institutions in Russia’s health sector is mostly
quantitative in nature and features a large number of indicators.
On one hand, such comprehensive analysis facilitates
collection of miscellaneous data about organizations and
certain areas of their activities. On the other hand, howeuver,
it complicates regular monitoring and receipt of objective
results. Use of numerical scales involves calculation of the
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total average indicator based on which further comparative
analysis is to be conducted. Combination of diverse factors,
inability to identify the most important ones and complexity in
clear interpretation of values increase the likelihood of errors
in assessing research institutions while applying a quantitative
approach. The assessment results may be incomplete or not
sufficiently reliable to address the issue of further prospects of
the research institution [1].



According to information on the activities of research
institutions  carrying out research, developmental and
technological activities for the purpose of monitoring and
evaluation, approved by Order No 162 of the Russian Ministry
of Education and Science on March 5, 2014, the following are
the key performance indicators:

— effectiveness and relevance of scientific research;

— human resource development;

— integration into the global scientific space, dissemination
of scientific knowledge and enhancement of the prestige of
science;

— resourcing the activities of research institution.

Effectiveness and relevance of research institutions

The effectiveness and relevance of the activities of medical
research institutions are enough for evaluation of the
quantitative and qualitative characteristics of research activities
of the institutions. For a comprehensive evaluation of this
sector, resource indicators — funding, personnel and logistics
— are also factored in.

Application of mainly quantitative methods for performance
analysis of research institutions has led to active development
of scientometric systems [2—4]. Presently, Russia is ranked 15—
18th in the world in terms of number of scientific publications.
However, in terms of number of cited published works, the
country does not make it in the list of 20 leading countries [5].

Scientometrics are actively used in Russia and abroad
as a reliable tool for evaluating scientific organizations and
communities. Domestic scientometrics has been used by
Russian Science Citation Index since 2005 [2, 6]. The main
indicators used to measure the impact of research include
publication activity of scientists in Russian and foreign scientific
journals [6-8]. The number of publications and number of
cited works included in global databases Web of Science
and Scopus, as well as national information-analytical system
Russian Science Citation Index are mainly analyzed [9].
Quantitative analysis of publication activity is a simple, yet
reliable and intuitive method for determining the effectiveness
of a research organization. Qualitative evaluation methods are
characterized by accuracy, timeliness, representativeness and
accessibility [3, 4].

Most industrialized nations, including Russia, use
quantitative assessment of indicators [10]. For example, the
UK uses three main criteria for analysis. The first of these
involves the study of the newness, importance and degree of
development of scientific subjects. The second examines the
magnitude of the research results [11]. The third investigates
the competitiveness of a research institution [12]. Examination
procedure uses double-blind method [13]. The effectiveness of
the activities of national universities in the UK is assessed via the
Research Assessment Exercise program once every 4 years.
The final rating data serve as the basis for further financing. A
similar analysis in the preparation of economic decisions is also
applied in the United States [14, 15].

In the US, the main method for evaluation of the
effectiveness and safety of the technologies created are
systematic literature reviews, whose analysis is carried out by
organizations specially created for these purposes. The second
evaluation method is cost-effectiveness analysis in which the
costs of achieving additional year of life adjusted for quality is
calculated. Based on the values obtained, decisions on further
financing are taken. Clinical and economic analysis method is
less widely used [16].
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Medical science is the most cited in the global scientific
community. The most famous scientometric database — Web
of Science and Scopus, high-demand library fund — the U.S.
National Library of Medicine [16, 17].

National databases are widely used by non-English
speaking scientific communities. For example, the Chinese
Social Sciences Citation Index covers most of the country’s
journals. At the same time, they try to increase the share of
publications in European and American journals. Similar
projects have been implemented in Taiwan (Taiwan Humanities
Citation Index) and in Japan (Citation Database for Japanese
Papers) [18].

Among scientometric indicators in foreign countries, the
impact factor of publications, which is annually calculated at
the Institute for Scientific Information (ISI) and published in
the Journal Citation Reports is used. Since this criterion has
been used in the West since the 70s of the 20th century, this
impact factor is quite high for many European and American
journals, unlike Russian journals [19]. For example, the 2015
impact factor of one of the most prestigious medical periodicals
The New England Journal of Medicine is 55.87 [20]. European
and American researchers try to publish in journals with very
high impact factors to increase prestige and promote career
development [16].

The resource estimate of the effectiveness and relevance
of scientific research is important, but today it is a vulnerable
area for many Russian medical and scientific institutions.
Often, research institutions operate a poor assessment system
for evaluating the prospects of patents and intellectual right
management [21, 22]. Only in recent years that effective
measures aimed at creating small innovative enterprises that
can make productive use of patented innovative products and
services were applied. To upgrade this direction, a mechanism
for state guarantee of procurement of innovative products and
formation of technology transfer centers was created [5].

In most economically developed countries in the world,
intellectual property is commercialized [23]. The US is
characterized by transfer of property rights to intellectual
products or services created through state support to the
private sector due to the fact that the state by law could not
be the owners of such products or services. In the EU, UK
and Japan, the government owns certain rights to intellectual
activity and is actively involved in commercialization of research
products [24].

The financial impact of scientific research in Russia is
evaluated using two indicators: sources of income of the
research institution and type of activity. From the side of the
government, financial support is provided from federal budget
as part of Russian government’s programs “Healthcare
Development” for 2013-2020 and “Development of Science
and Technology” for 2013-2020, and in accordance with
government directives and support grants [16]. At the same
time, government financial support for research institutions
decreases and the share of private capital increases as the final
result comes nearer. Russia is ranked 9th by level of research
funding in the world [5, 25]. Improving public funding with
increase in the cost of medical science is necessary, but it is
not enough for modernization of this sector.

Most foreign countries actively search for the most effective
mechanisms for funding of medical research institutions.
The most common are grants and state support, as well as
sponsorship from research funds, councils and business
organizations [26]. The importance of innovation for the public
sector is growing. The US is characterized by funding of both
fundamental and applied research. In most EU countries,
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the government provides effective resourcing; private sector
support is weak and irregular [27]. At the same time, there is
joint performance assessment of both research institutions and
agencies responsible for research development and funding
[28]. Quantitative analysis approaches should be complemented
with qualitative analysis approaches, particularly the criteria of
efficiency and safety of innovative medical technologies [16].

Human resource development

Among all the performance criteria of institutions, evaluation
of personnel potential in Russian medical research institutions
receives the least number of indicators (only four). Data obtained
in the end is insufficient for system analysis. However, the
majority of performance indicators of any research institution
and its competitiveness depend precisely on the human
resource capacity of that institution.

By number of scientists, Russia is ranked 4th behind China,
USA and Japan [5]. In recent years, a new theory accounts for
a shift in approach relating staff to costs. This theory considers
the staff as the most important resource of the effectiveness of
any institution.

Qualitative and quantitative assessment indicators of
human resource capacity reflect the degree of implementation
of research programs, the effectiveness of the institution’s
structure and use of human resources, increase in productivity
and quality of research. Using unrelated criteria with different
analysis significance makes it difficult to obtain an objective
final assessment of the entire institution [29]. Lack of strictly
formal assessment of personnel potential of research medical
institutions and databases, as well as qualitative factors
affecting the result of activities pose challenges for the objective
assessment of the sector [30]. Human potential assessment in
foreign countries depends primarily on the status and quality of
research activities of the scientist and research institution in the
international community [31].

The US National Science Foundation applies scientific
management to modernization of the staffing sector. They
use lifelong learning, professional development motivation,
manifestation of leadership skills and creative potential of
employees [5, 32].

Enhancing the prestige of Russian science

Evaluation of indicators of integration into the global scientific
space, dissemination of scientific knowledge and enhancement
of the prestige of science for Russia is extremely urgent thanks
to the obvious need to modernize this sector. Russians have
recently been coming up with the idea of prestige of scientific
work and academic status [33]. Socio-economic instability has
led to sharp decline in the reputation of scientists. Owing to low
wages, only about 9 % of Russians regard research profession
as prestigious [5]. The ongoing loss of staff by many research
institutions due to economic reasons reduces the efficiency of
research and the overall level of institutions. This, of course, is
reflected in the assessment of this sector. Translational barriers
[34], unattractiveness of investment in medical science and lack
of competitiveness of intellectual production when compared
with economically developed countries are only a small list of
problems to be addressed.

In most economically developed countries worldwide,
public opinion polls clearly demonstrate the opposite results.
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According to statistics, about 51 % of respondents in the US
believe that a career as a scientist is highly prestigious, 25 %
said it is very prestigious, and 20 % consider it as prestigious
[5]. International experience shows that high social status of the
research elite reflects the socio-economic level of the country
and the pursued information policy [33].

In the European Union, issues of protection of rights of not
only those involved in clinical trials, but also the animals that
take part in the experiments, as well as the problem of changes
in the legislation are traditionally important for the medical
research community. Some European and American scientific
communities are in favor of public access to information on
patients who participated in clinical trials with the aim of further
analysis and receipt of reliable data for further diagnosis and
treatment of a wide range of diseases, especially cancer. The
European scientific elite, with support from one of the leading
research organizations in Germany — Max Planck Society — is
in favor of open access to scientific publications for any person
in accordance with the Berlin Declaration on Open Access to
Knowledge in the Sciences and Humanities. To draw attention
to these issues, research societies and institutions, which
are widely represented on the Internet and receive enough
response from a non-indifferent population, are being created
[35-37].

Resourcing the activities of a research institution

To ensure effective monitoring of Russian research and
medical institutions, indicators responsible for resourcing of the
activities of research institutions are among the most important
[33]. In recent years, Russia has taken a number of measures
to modernize her research institutions, which, in contrast to
Western countries, has led to a reduction in the number of
researchers in the research sector [38].

Mainly quantitative indicators, which are apparently formal
in nature, are used to analyze the sector. The number of young
scientists under the age of 39 is one of the consistently low
indicators in many research institutions. Sociological studies
showed that there is little interest among young people in
research careers due to low pay, poor prestige of the profession,
lack of research funding, poor social conditions and increasing
bureaucracy [39]. The average number of young researchers
does not exceed 25 % of the entire number of researchers [5].

Intangible assets in the modern Russian scientific institution
are becoming an important criterion of the effectiveness of the
organization. They are accounted for in the balance sheet as
non-current assets. Exclusive intellectual rights of an institution
contribute to monopolization of the right to use such rights,
including to receive income from transfer of the rights to the
industrial sector. Presence of innovative intangible assets
allows to pay royalties, while adding the cost into the cost of
the assets [40]. However, the actual use of these assets is
small compared with other Russian science sectors. Patented
technologies are often not used in production.

The salary of researchers is also an important factor in the
effectiveness of the activities of scientific institutions and its
final evaluation [41]. In most economically developed countries
of the world, there is increased research funding, thereby
attracting more researchers [33].

According to the US National Science Foundation, 60—
65 % of funds are spent on salaries of researchers, graduate
and undergraduate students, 12 % goes to the purchase of
new equipment, 11 % is spent on education, about 6 % on
technology transfer and only 1-3 % on administration [16, 42].



FINDINGS

In order to effectively implement the Strategy Of Development
Of Medical Science In The Russian Federation For The Period
Till 2025, approved by Order No 2580-r of the Government
of the Russian Federation on 28 December 2012 [5], there is
need to develop better performance criteria for evaluation of
research medical institutions.

According to some researchers [43], mainly qualitative
indicators resulting from examination should be used to evaluate
the effectiveness of research institutions. However, most
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