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[TNCbMA B PEJTARIITUIO £ LETTERS TO THE EDITORS

ANTIFREEZE PROTEIN IN THE HUMAN EPIDIDYMIS

© Dmitry Yu. Kormilets', Alexander Yu. Terekhov?, Alexander T. Maryanovich?
"Military Medical Academy named after S.M. Kirov. 194044, St. Petersburg, Academician Lebedev str., 6
2 North-Western State Medical University named after I.I. Mechnikov. 191015, St. Petersburg, Kirochnaya, 41. 195067, St. Petersburg, Piskarevsky, 47

Contact Information: Alexander T. Maryanovich — Candidate of Medical Sciences, Doctor of Biological Sciences, Professor, Head Department of
Normal Physiology. E-mail: atm52@mail.ru

Dear Editor,

Lu et al. (J Cell Biochem. 2018; 119: 4760) have recently reported that Colipase-like protein 2 (Clpsl2), a colipase homolog,
expressed in the mammalian (including human) epididymis, plays an important role in the performance of this organ. At the same time,
authors note quite reasonably that the molecular mechanisms behind the function of epididymis are still poorly understood.

Meanwhile, we would like to draw attention to the fact that in the human epididymis there is another protein dubbed Epididymis
secretory protein Li 100 (ESP Li 100) and known elsewhere as Sialic acid synthase (SAS) or N-acetylneuraminate synthase (NANAS).
The highest structural similarity of these two proteins is evidenced by the fact that both of them share an extensive (132 amino acids)
totally identical region (Gg— L, in humans):
VISSGMQSMDTMKQVYQIVKPLNPNFCFLQCTSAYPLQPEDVNLRVISEYQKLFPDIPIGYSGHETGIAISVAAVALGAKVLERHITLDKTW
KGSDHSASLEPGELAELVRSVRLVERALGSPTKAQLL.

Importantly, sialic acid synthase is known as one of the antifreeze proteins (Choi et al. J Biomol NMR. 2015; 61: 137) described
in organisms at all rungs of the evolutionary tree. At least in prokaryotes, it ensures survival in an extremely unfriendly aquatic
environment. It is a highly conserved protein. We have recently found out that in the F,, — E,,, region the human epididymis secretory
protein shows almost 50 % homology with the prokaryotic sialic acid synthase, namely in the halophilic archaeon Natrialba magadii and
cold-tolerant Chryseobacterium.

It appears that in the human epididymis, i.e. the organ that was moved from what thermophysiologists call the body core and hence
unprotected until the emergence of first clothing, there may be an antifreeze protein. The potential significance of this fact is hard to overrate.

BENOK-AHTU®PU3 B INUANANMUCE YENOBEKA

© Omutpuin KOpbesuy Kopmuney', Anekcanap FOpbesuy Tepexos?, AnekcaHap Tumyposuy MapbsiHoBWY?

" BoeHHO-MeauumHckas akagemus uM. C.M. Kuposa. 194044, CankT-MeTepbypr, yn. Akagemuka llebepnesa, 4. 6

2 CeBepo-3anapHblit focyaapcTBeHHbIit MeauumuHekuin YHuepcuteT umenn U.M.Meunukosa. 191015, CankT-TeTepbypr, yn. Kupounas, a.41.
195067, CaHkT-lNeTepbypr, Muckapesckui np., 4. 47

KonTakTHas nHdopmaums: AnekcaHap Tumyposud MapbsiHoBUY — K.M.H., 4.6.H., podb., 3aB. kadepoit HopmasnbHoit uanonoruu. E-mail: atm52@mail.ru

YBaxaeMmblii pefakTop,

Lu et al. (J Cell Biochem. 2018; 119: 4760) HegasHoO coobLymnm, YTo KonmMnasonopobHeIn 6enok 2 (Clpsl2), romonor konmnassl, 3KCrpec-
CYPYeMbIi B 3NWAMAVMMICE MIEKOMMUTAIOLLMX (BKITKOYas YeNoBeKa), UrpaeT BaxHylo ponb B paboTe 3Toro opraHa. B 10 xe Bpems aBTopbl
BrOMHe 060CHOBaHHO OTMEYAIOT, YTO MOMEKYNSIPHbIE MEXaHU3MbI, NEXallye B OCHOBE (hyHKLMM NpruaaTka suuka, 40 CHX MOp Maro U3yyeHbl.

Mbi xoTenu Bel 06paTUTh BHAMAHWE Ha TOT (hakT, YTO B ANMANANMUCE YenoBeKa ecTb eLle oauH 6enok, HasblBaeMblit cexpemop-
HbiM besnikom anududumuca Li 100 (ESP Li 100), n3BeCTHbIN Takke kak cuHmasa cuanogol kucrnoms! unv N-auemunHelpamuHamcuH-
ma3a (NANAS). Bricovaliliee CTpykTypHOe cxoacTso aTux aAsyx benkos (Clpsl2 n ESP Li 100/NANAS) nogTBepxaaeTcs TeM ¢aktom,
4To 062 OHM MMetoT 0BLIMPHYHO (132 aMUHOKMCIOTbI) NOMHOCTBH MAEHTUYHYI0 06nacTb Gy — L., (Y YenoBeka), a UMEHHO:
GRPMVISSGMQSMDTMKQVYQIVKPLNPNFCFLQCTSAYPLQPEDVNLRVISEYQKLFPDIPIGYSGHETGIAISVAAVALGAKVLERHITL
DKTWKGSDHSASLEPGELAELVRSVRLVERALGSPTKQLL.

CuHTa3a cuanoBoil KUCMOTLI M3BECTHA B kayecTBe Oenka-aHTUpKU3a M OnucaHa B OpraHuaMax, HaxogsLUMXCs Ha BCEX YPOBHSIX
9BOJTHOLMOHHOTO pa3BuTis. MpokapnoTam oHa 0becneymBaeT BbKMBAHME B KpalHe HebnaronpusiTHON BOGHOM cpefe. ITO BbICOKO KOH-
cepBaTHBHbIN Benok. Hanpumep, Mbl BbISICHWMK, 4TO B 3TOM Gerke Yenoseka Ha yyacTke F,, — E,,, COBNagaeT ¢ 6enkamu ranogunbHoi
apxen Natrialba magadii ATCC 43099 n xonogoycTonunson Gaktepum n3 poga Chryseobacterium no 38 ammHokucnoT, unm no 46.9 %.

BbIX0AuT, 4TO B MpUaaTKe iMuKa My)X4WHbI, OpraHe, BEIHECEHHOM 3@ NPeLeNbl TOro, YTO TePMOU3NONONA ONPeaenstoT Kak «sapo
Tenay, 1 He 3allWLLEeHHOM (0O CO3AaHWUs MepBOi OAEXAbI) OT BO3LAENCTBIS XONOAHOTO BO3ayXa, ecTb Denok-aHTMdpu3. 3HaveHne
3TOro (hakTa O4eBMAHO.

& POCCHIICKHE BHOMETHIIMHCKIE UCCTEIOBAHISL  TOM 5 No2 2020 ¢ISSN 2658-6576
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Y[IK 6.13-004.6;612.13]:615.849.19

OUATHOCTUKA 3AEONEBAHUN CUCTEMbI ObIXAHUSA
U EE NATO®U3UONOIr’MYECKUE OCHOBBI.
lll. COR PULMONALE — JIEFTO4YHOE CEPALIE

© KOpwuir iBaHoBMY CTpoes, fleoHuny Masnosuy Yypunos
CaHkT-MNeTepbypreknit rocynapcTBEHHbIN yHUBEpCUTET, MeanumnHekuin hakynbteT. 199034, CankT-MNeTtepbypr, YHuBepcutetckas Hab., . 7-9

KonTakTHas nndopmaums: Nleonn Masnosuy Yypunos — 3aBeaytoLLuil kade4poit NaTonorum MeanuLUHCKoro dakynbteTa, 3aM. pykoBoanuTens
nabopaTopuu Mo3auky ayTOMMMYHWUTETa, JeNCTBUTENbHBIA YneH MexayHapoaHon akagemun Hayk (30opoBbe 1 akonorus). E-mail: elpach@mail.ru

Pestome: 3ta nybnukaumus npogomkaeT cepuio paboT, NOCBALLEHHbIX CEpAeYHO-NEroYHbIM 3a60neBaHnsM 1 ux naTo-
tuaunonorun. B ctaTbe CpaBHUBAIOTCS AOCTUKEHNS U TPAAULIMN POCCUICKON TepaneBTUYECKOM LUKOMbI C NPUHLMNAaMM
BHYTPEHHEN MeNLMHbI, CIIOKMBLUMMUCS B NPaKTUKE 3apy6exHOro MeamumHckoro obpasoBanns. CtaTbs NocBsLLEHa
9TUONOrMMW, NaToOreHe3y, KIIMHNYECKUM NPOSIBNEHNAM, (DOpMaM, AUArHOCTUKE 1 OCHOBHBIM NPUHLMNAM NeYeHns v
npounakTukn cuHapoma nerovHoro cepaua. Ocoboe BHUMaHWe yaeneHo NeroyHoMy CepaLy Kak OCNOXHEHUIO
COVID-19. B cTtaTbe aHanuampyTCs MexaHn3Mbl 1 PEHOMEHOOrMS CUMNTOMOB, BaXHbIX ANs AU depeHLmansHomn
AnarHocTukm cor pulmonale, a Takxe OpuriHanbHble aBTOPCKME HABMIOAEHNS U UCTOPUS MENLMHCKUX UCCIIEA0BAHMNIA
B 9TOM 06nacty (8 pucyHkos, Bubnuorpadus — 58 NCTOYHUKOB).

KnioueBble cnoBa: BpoHxoneroyHbie 3abonesanus; KopoHasupycHas nHdekums; CepaeyHas HEA0CTaTOYHOCTb;
Pednekc dnnepa-flunsectpanga; Cungpom XammeHa-Puya; IlerouHoe cepgue; Jlerounas runeptexams, OcTpbin
PECMMPATOPHbIN AUCTPECC-CMHAPOM; TpoMB03IMO0IMsA NNErOYHON apTepuim.

DIAGNOSIS OF THE DISEASES OF RESPIRATORY SYSTEM AND ITS
PATHOPHYSIOLOGICAL BASIS:
[Il. COR PULMONALE — PULMONARY HEART DISEASE

© Yuri I. Stroev, Leonid P. Churilov
St. Petersburg State University, Faculty of Medicine. 199034, St. Petersburg, Universitetskaya nab., d. 7-9

Contact information: Leonid P. Churilov — M. D., Ph. D., Full Member of the International Academy of Sciences (Health and Ecology), Chairman of
Pathology Dept., Faculty of Medicine, Deputy-Head of the Laboratory of Mosaic of Autoimmunity. E-mail: elpach@mail.ru

Summary: This publication continues a series of papers devoted to cardiopulmonary diseases and their
pathophysiologic basis. The article compares the achievements and traditions of Russian therapeutic school with
the principles of Internal Medicine that have evolved in the practice of foreign medical education. The article is
devoted to etiology, pathogenesis, clinical manifestations, forms, diagnosis and basic principles of treatment and
prevention of the cor pulmonale (pulmonary heart) syndrome. Special attention is paied to pulmonary heart as a
complication of COVID-19. The article analyzes the mechanisms and phenomenology of the symptoms important
for its differential diagnosis along with original author’s observations and history of medical studies in this field (8
figs, bibliography — 58 refs).

Keywords: Acute respiratory distress syndrome, Cor pulmonale; COVID-19; Hamman — Rich syndrome; Heart
failure; Hypoxic pulmonary vasoconstriction; Respiratory diseases; Pulmonary heart; Pulmonary hypertension; Lung
thromboembolism.
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OPUTMHAJIBHBIE CTATBH

In the previous articles [1-7] we have analyzed methodology
of interviewing and visual as well as touching examination in di-
agnosis of cardiovascular and bronchopulmonary diseases. The
continuation of the topic is devoted to diagnosis of pulmonary
heart syndrome, integrating both cardiological and pulmonologi-
cal aspects of physical diagnostics and its pathophysiological
bases.

COR PULMONALE: DEFINITION AND HISTORY

In broad sense of the term, pulmonary heart disease (PH, in
Latin: Cor pulmonale) is a syndrome (pathological process) char-
acteristic of hypertrophy and (or) dilation of the right ventricle of
the heart due to pulmonary arterial hypertension caused by pri-
mary lesions of bronchopulmonary apparatus, pulmonary vessels,
or by disorders of thorax and phrenic muscle. The term PH itself

Post stamp of USA '
with a portrait of Dr.
P.D. White [10]

Fig. 1.

Paul Dudley White MD

was introduced by the classic of American Cardiology Paul Dud-
ley White (1886—1973) in 1935 [8] (fig. 1).

But even much earlier the pathologists already have reported
the connection of asthma and other chronic lung diseases with right
side heart hypertrophy, dilatation and heart failure, beginning from
works by Thomas Willis (1621-1675) and especially the founder of

Cardiology, French royal physician Jean-Baptiste de Sénac (1693-
1770) , who precisely explored cardiac hypertrophy, [9] (fig. 2).

Fig.2. J.-B. de Sénac by

unknown painter

The first systematic review of heart status in lung diseases
belonged to a Scottish pathologist W.T. Gairdner (1853), who
correctly suspected that the mechanical overload of right ven-
tricle in lung pathology may be responsible for pathogenesis
of this condition [10]. New level of comprehension in Clinical
Pathophysiology of the heart was achieved in second half of 20th
century due to technique of catetherization of heart chambers
and pulmonary artery. It was introduced into clinical practice by
three physicians, Nobel Prize winners. A French-American clini-
cal pathophysiologist André Frédéric Cournand (1895-1988)
and an American clinical pathophysiologist Dickinson Woodruff
Richards, Jr. (1895-1973) elaborated this technique between
1941 and early 1950ies. But, one must remember the fact that
it was a young German surgeon (to that moment just graduated
from medical school) Werner Theodor Otto Forssmann (1904-
1979) [fig. 3] who originally suggested and performed the first
catheterization of the human heart and pulmonary artery in vivo
in 1929 at the clinic of Eberswalde, near Berlin.

Dr. Forssmann was assisted by a nurse Gerda Ditzen (who
heroically offered herself for the experiment, but was deceived

Fig. 3.

Right to left: A.F. Cournand; D.W. Richards, Jr.; W.T.O. Forssmann talking to S. Fissberg at Nobel Committee. W.T.O. Forssmann

and G. Ditzen looking on historical X-ray picture many years after their heroic self-experiment [24]
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by kind doctor, which did prepare her arm for manipulation, but
instead performed catheterization on himself). He has person-
ally imbued a catheter into his own ulnar vein under local anes-
thesia for 60 cm and they both went downstairs to X-ray ward,
where continued manipulation under roentgenoscopic control.
Because a fresh graduate just started to specialize in Urology,
the catheter he used was a urological one. Having conducted it
through the right atrium and ventricle, Dr. Forssmann then en-
tered the pulmonary artery and his friend, an X-ray specialist
made a control rhoentgenogram [fig. 4], certifying that the goal
was achieved. Although the chief physician of Eberswalde’s Au-
guste Viktoria-Heim clinic initially was annoyed with brave ini-
tiative of the young surgeon, but nevertheless he permitted Dr.
Forssmann to repeat the experiment few days later on a hope-
lessly ill female patient in order to deliver medicines directly into
her heart.

Fig. 4.

Forssmann’s original chest X-ray picture with a catheter
installed [12]

The second Forssmann’s experiment also was successful,
and even gave a provisional improvement in the patient’s status
[11]. Unfortunately, later on an outstanding coryphaeus of Ger-
man thoracic surgery Ernst Ferdinand Sauerbruch (1875-1951)
who supervised Forssmann’s thoracic specialization, did not
appreciate the importance of Dr. Forssmann’s innovations and
kicked young colleague out of his clinic for violation of its charter
and experimentations without chief’s approval. The small paper
published by Dr. Forssmann in 1929 remained a single written
result of his breakthrough in Thoracic Medicine, but later played
very important role in his life [12]. He stopped any scientific
career and swapped for urological practice, married and begot
6 children, joined in 1932 Nazi party and during World War I
fought as a battle surgeon. In the end of the war being in the
ranks of defeated German troops he was captured by Ameri-
cans and sent to prisoners-of-war (POW) camp. And by lucky
occasion, among the Americans who contacted to him in POW
were his American colleagues A.F. Cournand and D.W. Richards

(former artillery officer), who have read his old pioneering publi-
cation of 1929! Dr. Forssmann was liberated and returned to his
practice and later — to his studies and in 1956 shared with his
followers the Nobel prize.

The technique by these authors revolutionized the field of
PH studies, because it gave the option to characterize objec-
tively the presence and degree of the pulmonary hypertension,
a key link in pathogenesis of PH (see below). It is used for
the measurement of blood pressure within the pulmonary ar-
tery. The systolic pressure there is normally 8 to 28 mm Hg,
whereas the diastolic one is 2 to 12 mm Hg; anyway the blood
pressure within the pulmonary artery normally does not exceed
30/15 mm Hg.

CLASSIFICATION OF PULMONARY HEART DISEASE

Cor pulmonale was classified by the WHO experts, and their
consensus approved by WHO in 1961 [13]; it has been revised
since then, but on the same basis.

The aetiological classification includes following 3 groups of
PH cases:

« PH as a result of an ailment primarily affecting the pas-

sage of air through bronchi and alveoli;

* PH as a result of ailments primarily affecting pulmonary

blood vessels;

* PH as a result of ailments primarily affecting the excur-

sions of the thoracic cavity walls.

Next goes the clinical-pathogenetic classification of PH. Ac-
cording it, PH can proceed along acute, sub-acute or chronic
course.

ACUTE AND SUB-ACUTE COR PULMONALE

The acute PH may be caused:

By thromboembolism, (or much more seldom — fat, gas-
eous, neoplastic or exclusively — by parasitic embolism)
of the pulmonary artery and its branches;

+ By spontaneous (particularly valve-type) pneumothorax;

+ By bronchial asthmatic status;

+ By acute respiratory distress syndrome (ARDS) — for
which PH is quite typical, including that of shock lung and
that provoked by severe COVID-19 infection.

The sub-acute PH can result from the following reasons:

+ Massive or repetitive microembolism of the small branch-
es of pulmonary artery;

+ Pulmonary vasculitides and primary pulmonary arterial
hypertension in lesions of pulmonary blood vessels;

+ Mediastinal tumors, lymphogenous pulmonary carcino-
matosis (miliar metastases of malignant tumors of dif-
ferent locations and origin, e.g., gastric, prostatic, renal,
etc);

+ Bronchial asthma (severe cases);

+ Alveolar hypoventilation caused by botulism, poliomyeli-
tis, generalized myasthenia (myasthenia gravis).
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COR PULMONALE IN HAMMAN — RICH SYNDROME:
STRIKING SIMILARITIES TO COVID-19

The Hamman — Rich' syndrome (HRS — idiopathic acute
interstitial pneumonia resulting in ARDS and in sub-acute phase
giving idiopathic diffuse pneumofibrosis) regularly is complicating
by PH [14].

Hans Selye once has noted, that clinicians always try to find
difference between the diseases, but for pathologist the most in-
teresting thing is why various diseases are so similar. In regards
to HRS, we shall mention here one correlation which seems to us
quite important. Comparing early and advanced clinical manifes-
tations, lung pathomorphology and outcomes, as well as typical
sub-acute complications of HRS [14-16] with all that facets of se-
vere COVID-19 [17-19], we noticed strikingly close resemblance
of these two entities.

Fig. 5. Left — L.V. Hamman (photo with autograph), right — A.R. Rich

Indeed, in our opinion the severe COVID-19 with its fever and
dry non-productive cough and coming later interstitial pneumo-
nia with diffuse alveolar damage and ARDS, as well as with its
outcome to diffuse pneumofibrosis — looks very much like ac-
quired phenocopy of HRS, although HRS apparently never was
considered to be a contagious disease, rather listed into group of
genetically based ones.

One may guess, either the sporadic cases of HRS were relat-
ed to unrecognized type of coronavirus having small contagious-
ness; or, which looks much more probable, both entities, having
different (infectious and non-infectious, presumably, genetic)
aetiologies, address to similar or identical weak point of immune
system, making its autoinflammatory and autoagressive potential
the crucial link of pathogenesis in both cases. Anyway, it seems
to us quite possible that old well known disease of HRS [20] in
closer analysis may contain a key for comprehension of the new

" Hamman, Louis Virgil (1877-1946) — an American internist;
Rich, Arnold Rice (1893-1968) — an American pathologist (fig. 5). The
syndrome they described first in 1933 and detailed in 1935 [14]. Here
and everywhere below biographical data are verified according: Enersen
0.-D. (Ed.) Whonamedit? A Dictionary of Medical Eponyms. URL: http:/
www.whonamedit.com/ (accessed 28.04.2020).

COVID-19. There was even an observation that pneumofibrosis
in survivors of HRS can exacerbate into ARDS due to viral and
even coronavirus infection, although last was reported only in one
of 43 cases of such exacerbations [21-22]. To study precisely and
compare the genetic and immunological features of those having
severe COVID-19 and those suffered from HRS may offer a fruit-
ful approach for prognostic purposes and mechanistically based
interventions.

CHRONIC COR PULMONALE

Chronic course of PH may elicit in the following chronic dis-

eases:

+ Chronic obstructive pulmonary disease (COPD);

+ Bronchial asthma;

+ Pneumoconioses;

+ Tuberculosis;

+ Pulmonary polycystosis;

+ Berilliosis;

+ Sarcoidosis of the lungs;

+ |diopathic hemosiderosis;

« Chronic “idiopathic” diffuse interstitial fibrosis;

+ Systemic autoimmune diseases with non-organ specific
autoantibodies (systemic sclerosis etc). This and previous
lines are akin because certain manifestations of autoim-
munity (like, for example, autoantibodies against citrullinat-
ed peptides) are common for both of them. In view of that
currently some cases of “idiopathic” pneumofibrosis can be
re-classified as autoimmune ones [23];

+ Various limitations of thoracic wall excursions in kyphosco-
liosis, post-thoracoplastics states, and pleural fibrosis;

+ Different ailments of the thorax and diaphragm paresis;

+ Pickwickian syndrome (obesity hypoventilation syndrome)
(see: [2]);

+ Finally, it may develop in post-operation period after pul-
monectomy.

Periodization of PH includes compensation period (stage);

decompensation period and finally — insufficiency stage or pul-
monary-cardiac failure.

PATHOGENESIS OF COR PULMONALE

The key pathogenic link of PH is pulmonary arterial hyperten-
sion due to increased resistance to passage of blood through the
lesser circulation cycle. The reasons for increased resistance to
passage of blood are as follows:

+ Functional vasoconstriction due to hypoxemia and hypox-

ia;

+ Altered rheological properties of blood (increased viscos-
ity caused by polycytemia or/and polyglobulia, regional
intrapulmonary or systemic disseminated intravascular co-
agulation in shock);

* Increase of per-minute heart output combined with exten-
sive pulmonary failure;
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+Anatomic changes in pulmonary blood vessels (thrombo-
sis, embolism, obliteration, atrophy, sclerosis, etc);

+ Hypoventilation of pulmonary alveoli causes alveolar hy-
poxia, which automatically provokes vasoconstriction at
the zone of poorly ventilated alveoli. This phenomenon
historically was known as von Euler — Lillestrand “reflex"
[25].

Fig. 6.

Left: U.S. von Euler; right — G. Liljestrand

In fact the phenomenon discovered by these Swedish schol-
ars later appeared to be of non-neural origin, because neither
ganglion blockers nor lung denervation were unable to prevent it.
Nevertheless, this is extremely important mechanism redistribut-
ing the blood supply in favor of well-ventilated lung portions in
order to maintain ventilation/perfusion (V/P) matching. Very useful
for optimization of regional V\P ratio, it should not disturb topical
variance of this parameter. It can be detrimental if violates the
topical regional border and involves both lungs in global hypoxia,
for example, in high altitude disease and in PH. In such cases
it provokes generalized vasoconstriction in lesser circulation,
thus causing pulmonary hypertension. That is a bright example
of the general pathology principle earlier coined by L.P. Churilov
[26] and stating that the balance of local and systemic defensive
mechanisms is health prerequisite, but their conflict due to tres-
passing of the borders limiting their spheres of action is always
highly pathogenic.

The very mechanism of the hypoxic pulmonary vasoconstric-
tion is still disputable, and there are several theories for it based
on quite remarkable research achievements of last period. There
are hypoxia-sensitive voltage-gated potassium channels in pul-
monary artery smooth muscle cells, which cause in response to
low local pO2 their depolarization, activation of calcium influx and
vascular spasm [27]. Also, transient receptor potential canonical
6 (TRPC6) and vanilloid 4 (TRPV4) channels are involved in this
direct reaction probably driven by local autacoids [28]. Also, there
is an assumption that some electrical signal generated in capillary
endothelial cells of lesser circulation is transmitted via intercel-
lular gaps upstream to arteriole smooth muscle cells, thus rep-

2 von Euler Ulf Svante, 1905-1983 — Swedish physiologist and
pharmacologist, Nobel prize winner of 1970; Liljestrand, Goran, 1886—
1968 — Swedish physiologist and pharmacologist. They described
phenomenon in 1946.

resenting non-neural “electric wire” and resulting in local spasm
of arterioles. The antagonists of gap junction connexin-40 protein
can stop this process and attenuate hypoxic vasoconstriction
phenomenon [29]. The changes driven by hypoventilation and
hypoxial pulmonary vasocinstriction are most conspicuous and
diffuse during COPD:

* hypoxia per se causes some electrolyte abnormalities with
increased extracellular potassium content, which may involve
above mentioned channels causing vasoconstriction. Due to
increased intracellular sodium with cell swelling in hypoxia
swollen capillary endotheliocytes may hamper blood passage;

+ disturbed ventilation biomechanics with increased tidal vol-
ume can increase intrathoracic transpulmonary pressure
during exhale (positive end expiratory pressure — PEEP),
thus causing involvement of expiratory muscles and in turn
increasing of originally elevated minute heart output vol-
ume (mostly in case of obstructive bronchopulmonary dis-
eases, €.g., in COPD, bronchial asthma, etc; “The end re-
sult of the above mechanisms is increased pulmonary arte-
rial pressure and resistance” [30], which means increased
afterload for right cardiac ventricle. The latter leads to its
hyperfunction and hypertrophy driven by growth factors.

Hypertrophy and/or dilation of the right ventricle is caused by
the following pathogenic factors: Pulmonary arterial hypertension
(pressure load or afterload) and increased heart minute output
(volume load or preload).

Because right ventricle is a thin-wall chamber, it sustains
pressure load much worse than volume one. Progressive systolic
pressure increase causes its dilatation, end-diastolic pressure el-
evation and finally its pump (overload) failure. Of equal meaning
is the fact that right and left ventricles are originated by differ-
ent progenitor cell clones, the former one — by those displaying
lower potency for hypertrophy [31]. But, interaction of the lungs
and heart in pathogenesis of PH seems to be more complicated
in comparison with this classic key scheme. It has been recently
reviewed elsewhere [32-33]. As it is shown by [33] and depicted
in fig. 7 below, increase in end-diastolic pressure within right ven-
tricle causes shift of interventricular septum to the left. Hence,
the volume and output of left ventricle diminishes, which results
in decrease of right ventricle perfusion via right coronary artery,
making its working capacity low. It means a vicious circle (positive
feedback) in the pathogenesis of PH.

Because of that, right ventricle failure in PH (if one will ap-
ply F.Z. Meerson’s classification [34]), cannot be interpreted as
purely and exclusively hemodynamic (overload-derived) one. It
has typical evolution toward mixed type, because of secondary
joined energodynamic component. In advanced cases on autopsy
one may notice the features of hypoxic necrobiosis in tissue of
right ventricle, most pronounced in severe cases accompanied by
lung infections and water-electrolyte disorders.

Several factors and comorbid illnesses increasing the cardiac
load or decreasing the efficiency of pump function — may contrib-
ute to decompensation of cor pulmonale. These are:

+ Stress, emotional and physical strain;
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1 PVR

Conditions:

- PEEP

- COPD (Pulmonary
capillary loss)

- Hypoxic Pulmonary
Vasoconstriction

o

l Preload
learning to:

l Afterload

- Acute Lung Injury
- Large Tidal Volume

Fig. 7. Direct ventricular interaction during increased pulmonary
vascular resistance (1 — PVR). Decrease in stroke volume
(SV) of right ventricle (RV) via increased RV end-diastolic
volume causes leftward septal shift and hence SV of left
ventricle decreases, making coronary perfusion worse.

Adapted from [33]. Other abbreviations in the text

+ Adrenomimetics;

+ Bioactive substances disturbing lung ventilation and bron-
chial conduction;

+ Autoimmune (and infectious) myocarditides and cardyo-
myopathies.

PATHOMORPHOLOGY OF COR PULMONALE

The pathomorphological changes typical for PH vary depend-
ing on its course and aetiology. Chronic and subacute PH cases
display in compensated stage the following changes:

+Concentric hypertrophy of the right ventricle with its tono-
genic (compensatory) dilatation; but in non-compensated
stage — vice versa excentric hypertrophy or myogenic
(passive) dilation of the right ventricle cavity with thinning
of the ventricle wall can be observed;

+ The most pronounced dilatation of the right ventricle caus-
es relative insufficiency of tricuspid valve, which in its turn
may result in hypertrophy and dilatation of the right atrium;

+ Dilatation of pulmonary artery and its branches is often
combined with relative insufficiency of pulmonary artery
valves;

+ Pathohistological study reveals small-droplet and large-
droplet fatty degeneration of some cardiomyocytes with
swelling and fragmentation of cardiac muscle fibers, par-
ticularly noticeable in subendocardial areas, also diffuse
cardiosclerosis is observed,;

+ On autopsy pathomorphological changes in other organs,
caused by right-ventricle-type heart failure are typical, e.g.
chronic congestive hyperemia or «muscat» liver, cyanotic
induration of kidney and spleen, ascites and anasarca, efc;

In acute cor pulmonale the picture is characteristic for:

+ Myogenic (passive or congestive) dilatation of the right
ventricle (without signs of myocardium hypertrophy);

+ Pathohistological studies reveal multiple small foci of my-
omalacia, with sites of clot-like decay of cardiac muscle
cells, contractures of myocardial fibers, and disorders of
microcirculation (foci of stasis and some hematomas).

According the differences of pathogenesis, the patterns of PH

currently are clinically divided into 2 types — with predominance
of bronchopulmonary either vascular primary processes [30-31].

CLINICAL MANIFESTATIONS OF COR PULMONALE
IN ACUTE AND CHRONIC CASES

Clinical features of acute cor pulmonale very often are mani-
fested in the typical picture of pulmonary artery thromboembolism
(acute breathlesness, cyanosis, chest pain, acute phase response
symptoms). Pulmonary thromboembolism is virtually its main acute
reason, giving annually, for example, about 50 000 of lethal cases
in USA[30]. The manifestations and management of this dangerous
syndrome were recently described elsewhere [35-36].

Another new contributor into acute cor pulmonale problem
currently is COVID-19 pandemic. That's why we shall concern
below the latest data on PH in COVID-19. Acute PH may compli-
cate severe cases of COVID-19, especially in ARDS and in those
patients having hidden or overt cardiomyopathies [37-39].

There are several links of COVID-19 pathogenesis which may
lead to acute PH.

Of course, first of all it is ARDS, which was noticed as PH pro-
voking syndrome long before COVID-19 pandemic and requires
prone positioning of pulmonary vasculature and right heart as
well as protective ventilatory regime to avoid PH [40]. Besides
ARDS which is a factor greatly increasing right ventricle afterload,
there are ACE2 receptors (entrance gates of virus) in myocar-
dium, which makes acute viral myocarditis frequent tile in mosaic
of severe COVID with estimated prevalence 20-30 % of all heavy
cases [39, 41], thus including decrease of myocardium pump ef-
ficiency as an additional mechanism in the pathogenesis of acute
PH. Also, pulmonary thromboembolism is not rare in severe
COVID-19 [42], which in turn is a prerequisite of acute PH. The
connection of pulmonary thromboembolism and COVID-19 is not
occasional. Pulmonary thromboembolism is a severe and com-
mon complication of autoimmune antiphospholipid syndrome, es-
pecially its fulminant type. COVID-19 has several features putting
it close to autoimmune pathology and namely some similarities
with antiphospholipid syndrome: Hyperferritinemia and possible
immune cross-reactivity between viral and lung phospholipopro-
tein surfactant peptides, which was first pointed out by Y. Shoen-
feld and D. Kanduc Interestingly, Pneumocystis Carinii known as
a germ provoking interstitial pneumoniae with PH complications
also shares some peptides with lung surfactant [43-44]. Hence,
lung and pulmonary vasculature catastrophic damge in COVID-19
from the point of view of PH genesis may be interpreted as a re-
gional variety of catastrophic antiphospholipid syndrome.
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One of the most clinically important aspects of PH problem in
context of COVID-19 pandemic is high probability of acute PH as
a complication of ventilatory support in severe ARDS. As early as
in 2016 A. Mekontso Dessap et al. [45] reported high incidence
of acute PH (22 %) in a cohort consisted of 752 moderate to se-
vere ARDS patients on protective ventilation with high mortality
rate in ARDS-PH cases (57 %). The main criteria of acute PH on
echocardiography were septal dyskinesia with a dilated RV and
end-diastolic RV/left ventricle (LV) area ratio>0.6 (>1 for severe
dilatation). Presumably, the reason was excessive PEEM of ven-
tilatory support, lack of proper prone positioning and late applica-
tion of protective ventilation. One may suggest that acute PH can
worsen the outcomes of ventilatory support in COVID-19 patients
also, in lack of appropriate precautions.

Chronic cor pulmonale during stage of compensation is char-
acterized by the prevail of the clinical symptoms of its main pro-
voking primary disease, most frequently — COPD [30] of bron-
chial type or some other disorder causing PH. It is manifested in
pulmonary arterial hypertension symptoms:

¢ Accentuated and split 2" heart sound over pulmonary ar-
tery;

« Split 1% heart sound due to belated tricuspid component
caused by pulmonary hypertension;

+ Right heart hypertrophy signs which mostly are to be re-
vealed by X-ray and have some electrocardiographic and
ultrasonic manifestations as well.

Palpation, percussion and auscultation data are of small val-
ue, they just can reveal physical signs of main primary disease in
cases of pronounced emphysema, pleurisy or hydrothorax, pleu-
ral adhesions and mediastinal dislocation.

If PH gets out of compensation state, the symptoms of overt
cardiopulmonary insufficiency appear according the right heart
failure pattern:

+ Cardiac ache (pulmonary stenocardia or angina hypercy-
anotica) is different from that characteristic of typical an-
gina pectoris. In case of pulmonary stenocardia the aches
are not associated with physical or emotional strain, can
not be killed with nitroglycerin, on the other hand, the pa-
tients can get relief from oxygen therapy. The pathogenesis
of angina hypercyanotica is related to left main coronary
artery extrinsic compression from a dilated pulmonary ar-
tery in patients with pulmonary arterial hypertension, which
recently has been proven by computed tomography [46]

+ Diffuse cyanosis of central origin, due to lack of proper
blood oxygenation in lesser circulation is often combined
with acrocyanosis related to congestion and passive hy-
peremia in peripheral areas (it gives purplish-blue coloring
of nose, ears and lips), and may be accompanied by ortho-
pnea — breath shortness occurring while lying flat;

« Dyspnea in this stage varies depending on the period of
cardio-pulmonary failure, and can present in case of light
physical strain or even during rest;

+ Swelling of cervical veins, oedemata of limbs, and in most
severe cases even ascites — all are common in PH.

* Hepatojugular reflux (or abdominojugular test), was first
described by a scholar who was not medical doctor at
all, although contributed greatly into building of scientific
Medicine. That was French scientist Louis Pasteur (1822-
1895). He suggested it in 1885 as a sign of tricuspid regur-
gitation. It is the distention of the jugular vein induced by
applying manual pressure over the liver area if patient is
placed in a semi-recumbent position with an elevation of
the head of the bed to 30-45° angle. It is still very useful
although sometimes neglected physical sign of chronic PH,
but it can present in cases of other congestive heart failure
also [47];

+ Cardiac beat accelerated and resistant under fingers in the
precardial or epigastric areas, witnessing for hypertrophy
of the right ventricle;

+ Significant dilatation of the right ventricle is associated with
an expansion of heart width and even shifts upwards the
upper border of the relative cardiac dullness on percussion.
The expansion of the heart borders to the right from the ster-
num is caused by the dilatation of the right atrium [48];

+ Systolic murmur getting louder during inspiration is fre-
quently auscultated close to the base of xyphoid proces-
sus. This phenomenon is associated with the regurgitation
of tricuspid valve [49];

+ adelicate diastolic murmur (Graham Steell* murmur) is fre-
quently auscultated in the 2nd intercostal space to the left
from the sternal margin. This phenomenon is produced by
the relative insufficiency of the pulmonary artery valve [50];

Fig.8. Graham Steell in young

age [50]

+ At the apex as well as over Botkin — Erb’s* point there is a
split 1st sound, auscultated;

¢ Over the pulmonary artery — the 2" sound is accentuated;

+ The rhythm disturbances are mostly represented in PH
by sinus tachycardia, fibrillation is possible in latest
stages only, though seldom. The coryphaeus of domes-

% Steell, Graham, 1851-1942 — an English internist (fig. 8 above),
first reported this phenomenon in 1888, there is a witness that earlier
it was noticed and used by his teacher, a Scottish physician George
Balfour (1823-1893) [50]

* Botkin, Sergei Petrovich, 1832-1889, a Russian internist; Erb,
Wilhelm Heinrich, 1840-1921, a German neuropathologist. The point is
located in 4th intercostal space, close to the sternum between left sternal
and parasternal lines.
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tic Internal Medicine and Biophysics, inventor of imped-
ance plethysmography and alumnus of Leningrad State
University, professor of Leningrad Paediatric Medical
Institute Aleksei Alekseevich Kedrov (1906-2004) use to
emphasize that PH never gives a ciliary arrhythmia and
highly appreciated the differential diagnostic value of this
feature;

+ Arterial blood pressure in the gross circulation may also be
elevated due to the effects of variety hormones and auta-
coids produced in response to heart failure.

ADDITIONAL DIAGNOSTIC METHODS AND TECHNIQUES IN
COR PULMONALE

At the initial stages of PH (in status of compensation) the fol-

lowing X-ray signs are typical:

+ Relatively unchanged dimensions of the heart shadow, po-
sitioned closer to vertical due to low diaphragm position
caused by lung emphysema;

+ Bulging cone of the pulmonary artery in frontal and left side
projections;

+ Combined dilatation of the pulmonary artery trunk and ma-
jor branches with narrowing of its small ramifications («root
amputation» symptom). This phenomenon is particularly
evident on tomograms;

At the late stages of cor pulmonale during obvious heart fail-

ure the picture is added with:

+ Expanded heart shadow due to hypertrophy and dilatation
of the right ventricle and the right atrium;

+ The right ventricle may force the left one backwards, and
in this case both the right and the left heart contours are
formed by the shadow of right ventricle;

+ Extreme dilatation of the right atrium causes major expan-
sion of the heart shadow to the right.

At the initial stage of PH the following signs are revealed by

electrocardiogram (ECG):

+ Vertical or semi-vertical position of the heart; less often —
a right-ward bias of its electric axis (+110° or more);

+ Shift of the transition zone to the left due to clock-wise turn
of the heart around the longitudinal axis with the right ven-
tricle ahead;

+ Backward bias of the apex due to a turn of the heart around
the transverse axis;

+ Decrease of the magnitude of the waves comprising the
QRS complex due to lung emphysema;

+ P-wave changes (known as “P-pulmonale” caused by right
atrial enlargement): increase of magnitude (2 mm and
more) in the 2nd , 3rd and AVF leads.

Also there are ECG signs of the right ventricle hypertrophy:

+ dominant S-wave in V5 or V6 (> 7mm deep or R/S ratio < 1)
is more typical than dominant R wave in V1 (> 7mm tall or
R/S ratio>1);

+ the signs of the right ventricle hypertrophy are combined with
a complete or a partial block in the A-V bundle right branch;

« There are also intermediate ECG forms registered [48,
51-52]

Echocardiography, especially its ultrasound Doppler’s version
is of utmost importance for PH diagnosis (see above) and may
reveal:

+ Thickening of the anterior wall of the right ventricle and the

interventricular septum;

¢ Increased magnitude of inter-ventricular septum excur-
sions;

+ Dilatation of the right ventricle with septum shift to the left;

+ Regurgitation of tricuspid valve as well as the pulmonary
artery valve — in the status of decompensation.

As it was mentioned above, the essential data are achieved by
technique of the blood pressure measurement within pulmonary
artery: Either by direct method with catheterization of the pulmo-
nary artery, or indirectly, by means of impedance pletismoghaphy
of lungs, Doppler’s echocardiography or by other methods (which
all are much less precise compared to direct measurement).

The measurement of the blood partial pressure of gases gives
the following data:

+ Patients with cor pulmonale out of compensation state
have decreased oxygen partial pressure both in the ve-
nous and the arterial blood, at the same time their carbon
dioxide partial pressure is increased (hypoxemia combined
with hypercapnia is regarded in Pathophysiology as as-
phyxia).

Among the additional laboratory and instrumental data of

some diagnostic value, it is worth to mention the following:

+ Cardiac magnetic resonance imaging which does not
use ionizing radiation and can help in evaluation of heart
structure, remodeling, and function; some authors [30] in-
sist that this modality is advantageous “in assessing pul-
monary artery dimensions when compared to traditional
echocardiography”;

¢+ Immunocompetitive (for example, ELISA) test for brain
natriuretic peptide, which is produced in excess in re-
sponse to heart overload and failure, particularly in pulmo-
nary arterial hypertension, as a matter of compensation.

+ Clinical blood analysis is taken and polycythemia may be
expected as a result of chronic hypoxia, which is important
as an additional reason for heart overload due to increased
blood viscosity;

+ Serum alphat-antitrypsin is worth to check in suspicion for
hereditary basis of lung emphysema;

+ The set of autoantibodies typical for lupus, systemic scle-
rosis, rheumatoid arthritis, antiphospholipid syndrome,
systemic vasculitides — involving lung or pulmonary vas-
culature or both, as well as autoantibodies against modi-
fied citrullinated vimentin (common for some kinds of dif-
fuse idiopathic or autoimmune pneumofibrosis) should be
determined.

+ Coagulations studies to evaluate possible hypercoagu-
lability states risky for pulmonary thromboembolism are
advisable.
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DIFFERENTIAL DIAGNOSIS OF COR PULMONALE

Differential diagnosis of PH with congenital and acquired

heart disease is essential.

The major criteria for this distinguishing are the following:

+ Decompensation of PH usually takes place after develop-
ment of pronounced respiratory failure with decreased lung
volumes and seriously disturbed ventilation;

+ The signs of hypertrophy of the left heart part as a rule ex-
ist in the case of heart disease are not characteristic of PH;

+ Unlike PH, most of congenital and acquired heart diseases
(defects) have their distinctive auscultation melodies;

+Of certain aid are the instrumental methods such as echocar-
diography, computed tomography, ventriculography, and in-
vasive catheterization of the heart. In some cases the results
of the instrumental examination supply the decisive data;

« Anamnesis morbi (case history) also is of considerable im-
portance, because it may contain earlier registered infor-
mation about bronchopulmonary diseases, heart murmur
audible since birth, prior rheumatic fever, etc;

Differentiation with ischaemic heart disease (IHD) is not al-

ways necessary, as well as with atherosclerotic cardiosclerosis,
because many PH patients have these diseases as comorbid
ones. Nevertheless, in case of necessity the following differential
diagnostic criteria are useful:

« Cardiac pain in case of PH differs from typical angina pec-
toris (see above), having character of cardialgia not prone
to nitrates, while in case of IHD aches are of the typical
stenocardia’s patterns;

« Anamnesis morbi (case history): In case of PH there are
usually data on existing bronchopulmonary ailments, dis-
orders of pulmonary blood vessels, chest deformations,
while in case of IHD — there may be prior myocardial in-
farctions and episodes of stenocardia;

* Hypertrophy and dilatation of the right heart chambers both
are characteristic of PH, while IHD is associated with hy-
pertrophy and dilatation of the left cardiac half;

* In case of PH decompensation develops on the back-
ground of very severe respiratory failure, and heart failure
in PH is of right-ventricle type. On the contrary, in case
of IHD it is the left-ventricle failure that develops initially,
the right-ventricle one evolves only after the left-ventricle
failure has matured [53];

+ Polycytemia and polyglobulia are both characteristic of PH,
particularly in its decompensation stage, but are not typical
for IHD patients.

PRINCIPLES OF TREATMENT IN COR PULMONALE

Although the detailed treatment in various kinds of PH is not
the subject of this article and is reviewed elsewhere [30, 32, 45,
48, 54-56], we shall mention here few basic statements.

In sub-acute and chronic PH the treatment is based upon
a combination of two main principles: The first is the treatment

of the main underlying disorder, the second is the correction of
hemodynamics. The treatment of the main disease takes into
consideration the key links of pathogenesis. In COPD it will in-
clude antibacterial drugs in exacerbations; correction of immu-
nological status and fighting the bronchial obstruction. Patient
has to stop smoking and eliminate occupational hazards. Also
methods stepping up anti-hypoxic resistance of the organism
are recommended (special physical exercises, massage, cli-
matic therapy, efc).

Hemodynamics and gas exchange correction in PH shall in-
clude oxygen therapy in case of decompensated PH, monitoring
the acid-base balance and gas content of blood and as well as
check of the subjective feelings of the patient. Hyperbaric oxygen-
ation also proved to be effective. Peripheral vasodilatators and
calcium channel blockers decrease pulmonary vascular resist-
ance and the pressure in the pulmonary artery, enhance bronchial
conductivity. They are effective at the early stages of PH, when it
is functional vasoconstriction which plays the leading part in the
pathogenesis of circulatory changes. Patients with overt conges-
tive heart failure also should get treatment with calcium channels
blockers, however, in this case the long acting nitrates are pre-
ferred, as well as other peripheral vasodilatators. This category
of patients should get a lifelong treatment. Anticoagulant therapy
is necessary in order to improve rheological properties of blood.

In case of decompensation of PH (particularly in case of con-
gestive heart failure), the cardiac glycosides should be used. The
starting doses should be administered intravenously. After that
small supporting doses of glycosides should be administered per
os. Diuretics are useful at the beginning of right-ventricle type
heart failure. For example, aldosterone antagonists may be used.
These drugs are notable for their moderate diuretic effect with po-
tassium keeping up. Congestive heart failure would call for more
powerful saluretics in combination with potassium medications.
These diuretics should be used very carefully in strictly controlled
way. Severe disturbances of saline homeostasis and heavy dehy-
dration should be avoided.

Acute cor pulmonale treatment in case of most typical reason
is a treatment of pulmonary thromboembolism, which was recently
reviewed elsewhere [57]. Regarding the new aetiology of cor pul-
monale resulted from severe COVID-19 infection, the medical com-
munity is just analyzing current experience and possible ways of
treatment, with newest results just published elsewhere [37-39, 42,
58].

PROPHYLAXIS OF COR PULMONALE

First of all it should be based on early reveal, treatment and
regular check-up of the patients with the primary illnesses under-
lying PH (COVID-19 among them!).

Generally, the following prophylactic measures should be
used:

+ Timely and effective treatment of any serious bronchopul-

monary illness;

+ Prevention of respiratory infections spread;
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+ Early complex treatment of pulmonary vascular diseases
and thrombophilic disorders;

+ Exclusion ofvarious risk factors for pulmonological dis-
eases, like hypothermia, exhaustion, smoking, excessive
alcohol drinking, occupational hazards (dust particles,
aerosols, harmful gases etc);

+ Fighting for the clean and healthy environment, against air
pollution;

* Moderate training and hardening for wellness;

+ Special physical exercises for cardio-respiratory appara-
tus.

All of the aforementioned preventive methods shall be used in

accordance with the main iliness and the degrees of the impair-
ment of the pulmonary and cardiovascular systems.
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OLIEHKA COCTOAHMA UMMYHHOW CUCTEMbI NOCNE 3HAONPOTE3UPOBAHUSA

MONOYHbIX XENE3 B 3CTETUYECKOWU XUPYPIUU
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KoHTtakTHas uHdopmaumsa: Esrenns BanepbesHa Epmunosa — couckarens kadenpbl natonornyeckoin guanonornn. ORCIDID: 0000-0003-4566-

5658. E-mail: ermilova_md@icloud.com

Pestome: CTaTbsi NOCBALYEHA U3YYEHWIO BONPOCA BIIMAHUSA 3HAONPOTE3MPOBAHUS MOSTOYHbIX Xene3 CUIMKOHOBbLIMU
MMMaHTaMm1 Ha COCTOSIHUE UMMYHHOW CUCTEMbI OPraHn3Ma XeHLMH B paHHEM W OTAaNeHHOM NOCneonepaLmoHHbIX
nepuogax. Lieno — 060cHOBaTH BNWSHE CUMNKOHOBbIX UMMNAHTOB Ha AUHAMUKY nabopaTopHbIX napamMmeTpoB 1 COCTO-
SIHWE KNETOYHOTO M ryMOpanbHOro 3BEHbEB MMMYHUTETA NOCHE 3CTETUYECKOTO SHAONPOTE3NPOBAHUS MOMOYHbIX Xenes
B paHHeM 1 No34HeM NocneonepayyoHHbIx nepuoaax. Matepuansl u MeTogbl: B UCCeL0BaHUN NpuHanu yyacTtue 70
XEHLWMH B Bo3pacTe oT 21 8o 45 ner, 6e3 conyTCTBYHOLLEN NAaTONOMN OPraHOB M CUCTEM, KOTOPLIM NNaHNPOBanoCh
BbINOMHUTL 3CTETUYECKOE SHAONPOTE3UPOBAHNE MOSTOYHBIX XENe3 CUIIMKOHOBBIMI UMNNaHTaMu. Bcem nauyueHTkam
[0 Onepauunu, a Takke Ha credyowwui AeHb nocne onepauni, Yepes 6 Mecaues v Yepes rof BbINoMHANACh KNUHUKO-
nabopatopHas guarHocTuka aHanu3os Kpoeu. C Lenblo onpeaeneHns BIMSHUS SHA0NPOTE3MPOBAHUS MOMOYHbIX
Kenes CUNNKOHOBBLIMY UMMAAHTaMN Ha COCTOSHUE UMMYHHOW CUCTEMbI OPraHn3Ma XeHLUWH B paHHEM U OTAANIEHHOM
nocreonepaLnoHHbIX Nepuoaax BbINOMHANM UCCIeL0BaHNe KNEeTOYHOro U ryMoparbHOro 3BeHbEB UMMYHUTETA.
PesynbTaTbl: NOBLIWEHWE NOKa3aTenen Kpoem (nenkoynTtos, numdoumntos, COJ) B paHHEM nocneonepaLlioHHOM
nepuoae nocne 3HAONPOTE3MPOBAHNS MOSTOYHBIX XENe3 OTpaxaeT Hanuyme oCTpoil BoCNanuTenbHOM peakuun B
OpraHn3me XeHLLWH, KOTOpPoe MOXeT ObITb 0BYCNOBNEHO HEe TOMbKO XMPYpPruyeckorn Tpasmon. MoBbiweHne cogep-
XaHus 303uHodunos, CPB, noBbileHne KNETOYHOTO 1 rymopanbHoro nMmyHuteTa (T-xennepos, B-numdounTos,
annepreH-cneynduyecknx IgE, lgG-aHTUTEN B CHIBOPOTKE KPOBM) B paHHEM NOCneonepaLyioHHOM Nepruoge 1 B Cpoke
[0 6 MecsLeB, BEPOSTHO, FOBOPUT O Pa3BUTUM UMMYHONOTMYECKUX PacCTPOICTB B BUAE PasBUTUS anneprusamm
K YCTAHOBMEHHbIM M ANIUTENBHO HAXOAAWMMCS B OPraHU3Me XeHLMH CUIIMKOHOBbLIM uMnnaHTam. OgHako B Cpoke
1 rog nocne BbIMOMHEHHOM onepaLuu nabopaTopHble NOKa3aTenu KpoBM HaXo4ATCA B npegeniax 4onyCTUMON HOPMbI.
BbiBOAbI: MCCIeA0BaHNE UMMYHHOM CUCTEMbI XXEHLLMH NOCNE SHLONPOTE3NPOBAHUS MOMOYHbIX XKENe3 CUIIMKOHOBLIMM
WMNNaHTaMu No3BoNSET cAenaTh BbIBOA, YTO B paHHEM MOCeonepaloHHOM NeEPUoAe U B TeYeHWe NepBoro roga
nocne onepawun BO3MOXHO pa3BuTUE rMnepyyBCTBUTENBHOM peakLmMm UIMMYHUTETA Ha YCTAHOBMEHHbIE U ANUTENBHO
HaxogsLmecs B OpraHu3Me nalmeHTa UMNAaHTbl, OAHAKO K rogy nocre onepawlum COCTOSHUE UMMYHHOWM CUCTEMbI
HOpManuayeTcs, 4To NOATBEPXKAAETCH KNUHNKO-NabopaTopHbIMU METOAAMN UCCIEA0BaHMS.
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Summary: The article is devoted to the study of the effect of mammary glands endoprosthesis with silicone implants
on the state of women’s immune system in the early and long-term postoperative periods. Purpose — to substantiate
the effect of silicone implants on the state of the immune system of women after aesthetic endoprosthesis of the
mammary glands in the early and late postoperative periods. Material and methods The study involved 70 women
aged between 21 to 45 years, without concomitant pathology of organs and systems, for whom was planned to
perform aesthetic endoprosthesis of the mammary glands with silicone implants. Clinical and laboratory diagnostics
of blood tests were performed for all the patients before surgery, as well as the day after surgery, 6 months after
and a year later. To determine the effect of the endoprosthesis of mammary glands with silicone implants on the
state of the immune system of the women in the early and late postoperative periods, we studied the cellular and
humoral components of the immune system. An increase in blood counts (leukocytes, lymphocytes, ESR) in the early
postoperative period after endoprosthesis of the mammary glands reflects the presence of an acute inflammatory
reaction in women, which can be caused not only by surgical trauma. An increase in the content of eosinophils,
CRP, an increase in cellular and humoral immunity (T-helpers, B-lymphocytes, allergen-specific IgE, I1gG antibodies
in the blood serum) in the early postoperative period and up to 6 months presumably indicates the development
of immunological disorders in the form of the development of allergies to installed and long-term silicone implants
in women. However, within 1 year after the operation, laboratory blood counts are within the acceptable range.
Conclusion The study of the immune system of women after endoprosthesis of mammary glands with silicone im-
plants makes it possible to conclude that in the early postoperative period and during the first year after surgery, it
is possible to develop a hypersensitive immune response to installed and long-term implants in the patient’s body;
however, the state of the immune system normalizes by the year after the operation, which is confirmed by clinical

and laboratory research methods.

Keywords: endoprosthetics of the mammary glands, mammary glands

OHOONpOTE3MpOBaHNe MONoYHbIX xenes (OMXK) octaetcs
OfHOW M3 Hanbonee BOoCTpeBOBAHHBIX XMPYPrMYECKUX OnepaLni.
OpHako, HECMOTPS Ha NPUMEHEHNE COBPEMEHHBIX TEXHONOTIA, B
nuTepaType BCTpeyaeTcs Bce Gonblue MHGOpMaLmMn O HeraTue-
HOM BIUSHAM CWIIMKOHOBBIX MMMMAHTOB Ha UMMYHHYIO CUCTEMY
opraHusma.

K 80-m rogam XX Beka MHOTMMMW MUccneaoBaTensaMu Aokasa-
HO, 4TO 0OLUEe COCTOSIHME KEHLUWMH W X UMMYHHBIIA CTaTyc, He-
3aBUCKMO OT UCXOLHOIO COCTOSIHWS, 3HAYNMO OMpEedensitoT 0co-
BEHHOCTH XMpypruyeckoit onepaumuu. Takue KOMMOHEHTbI XUpYp-
rMYeckoil onepaLymm kak onepawuoHHas TpaBma, cTpecc, obuias
aHecTeausi, mped- W nocneonepauyoHHas aHTubakTepuanbHas
Tepanusl BbI3bIBAOT JOCTOBEPHOE MMMYHO-CYMPECCUBHOE OENCT-
BME, T.e. CNOCOBCTBYKOT PasBUTMIO MMMYHHOW HEAOCTAaTOMHOCTH
yXe B paHHeM nocrneonepaloHHom nepuoge [1]. KnuHuko-um-
MYHOIIOTYECKUA CUHAPOM, Pa3BUBaIOWMACS Ha (POHE onepaLy-
OHHOrO CTpecca Npy BMeLLATENbCTBE Ha MATKUX TKAHSX TPyam,
XapaKTepuayeTcs YCTONYMBBLIM CHIDKEHMEM KONMYECTBEHHBIX W
(DYHKLMOHANbHbIX Noka3aTenei cneuuguyecknx umnm Hecneuu-
huyecknx hakTopoB PE3UCTEHTHOCTU U ABNSETCSH PUCKOM Pa3Bu-
TUS MH(EKLMOHHO-BOCNANNUTENBHBIX OCNIOXHEHNNA [2].

K HacTosiLLeMy BpeMeHW CUNTaETCs, YTO yCTaHOBKA UMMIaH-
TOB NPV YBENUUMBAIKOLLENCS MaMMOniacTuke sBnsieTcs 6esonac-
HOW 1 He COMPOBOX4AETCS OCMOXHEHWNSMM CO CTOPOHbI MMMYH-
HOW cucTembl. 10 AaHHBIM MHOTOYMUCIIEHHBIX WCCREA0BaHMN,
CUNMKOHOBbIE UMMNaHTbl nocne OMX He Bbi3bIBaKOT ayTOMMMYH-

Hble peakLuu y XEeHLWH, YTo noaTBepxaaeTcs 6e30nacHOCTbI0
NX HOBbIX 0Bpa3suoB npu TectupoBaHumn [20, 16, 22]. Opyrumu
aBTOPaMM B CBOWX MCCIENOBaHUSX TaKKe NOKa3aHo, YTo yacToTa
ayTOMMMYHHbIX 3ab0neBaHunil y KEeHLWWH NOCne MacTaKTOMUN C
PEKOHCTPYKLMEN CUMIMKOHOBLIMW UMMMAHTaMW He OTINYaeTCs oT
TaKOBOW Y XeEHLLMH, Y KOTOPbIX Obina BbIMOMHEHA PEKOHCTPYKLMS
C ayTOreHHomn TkaHbto [17].

BmecTe ¢ Tem HakannmBatoTCs AaHHbIE U O HETaTUBHOM BIN-
SAHUM MaTepuUana UMMNaHTOB Ha COCTOSHUE UMMYHHOMN CUCTEMBI.
MoaTBepkaeHO yBeNuyeHne B 6 pa3 BENUYNHbI NONOXUTENBHOMO
TECTa Ha aHTUSIAEPHbIE AHTUTENA K CUIKOHY Y KEHLUMH, nepe-
Heclumx IMXK [15].

Mo gaHHbIM psifa 1ccrnefoBaTenei, Y KeHLWH Nocne ayrmMeH-
TaLuM CUIIMKOHOBLIMW UMMIaHTaMu pa3BMBalOTCS ABa unn Gonee
OCHOBHbIX KMUHWYECKUX NPOSIBNEHWNA (@yTOMMMYHHbIE WK BOC-
nNanuTenbHbIE CUHAPOMbI) 1 9TO COOTBETCTBYET ayTOUMMYHHOMY
CWUHAPOMY WHAYUMPOBAHHOMY agbtoBaHTamu [7, 23].

lMokasaHo, YTO y KeHLLUWH nocne NpoTe3MPOBaHUS MOMOYHbIX
KEnNes onpeaensieTcs HU3KUIA TUTP aHTUSAEPHbIX aHTUTeN. XoTs
HEKOTOpbIE aBTOPbI YTBEPXAAKT, UTO aHTUSAEpHble aHTUTena
HanpsiIMylo OTPaXartT ayTOMMMYHHblE peakuuu, BO3HWKaKLMe
nocne AMX [14]. mMu npofeMOHCTPUPOBAH PUCK BO3HUKHOBEHMS
ayTOMMMYHHbIX 3aboneBaHuit NOCne NHBLEKLWN XUAKOTO CUIMKO-
Ha, napacuHa 1 gpyrux macen B 06nactu MOMoOYHbIX Xernes.

MmetoTcs kKnuHUYeckne HabnogeHNs 0 TOM, YTO Y KEHLUMH
yepes 3-5 neT nocne ayrmeHTaLum BOIMOXHO pa3BuUTUE amuro-
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ngosa n3-3a MUKPOTPaBMaTM3aLMu CUIMKOHOBOTO MmMnnaHTa [9].
Pagom Apyrux aBTOPOB YKasblBAETCA BO3MOXHOCTb Pa3BUTUS
cknepoaepmui B nosgHue cpoku nocne IMX [20].

XoTs peBmatonoramn yHusepcuteTtos Mutcbypra, Kanudop-
HAW, MapunaHga u [koHa XOMKMHCA B MHOTONETHEM MyMbTi-
LieHTPOBOM WCCNER0BAHNMN HE BbISIBNIEHO JOCTOBEPHON pasHULLbl
B 4acToTe BO3HWKHOBEHMWSI CKNEPOLEPMMM Y MaLMEHTOK nocre
yBennyeHus MXK [11] n amepukaHcKomn Konmnernen peemaTonoros
OMPOBEpPrHyTa B3aMMOCBA3b [AMUTENbHON YCTAHOBKA CUIMKOHO-
BbIX WMMMAHTOB C PWUCKOM BO3HWKHOBEHUS PEBMATOWMAHbLIX 3a-
Gonesanuit [19], B nocnegytoLne rogsl HabmogeHui NosBUINCH
[aHHble 0 TOM, YTO MpK NOBPexAeHU 060MN0YKM UMMaHTa 1 Npu
9KCTpaKancynspHOM pacnpoCTPaHeHU CUNMKOHa Nocne yBenu-
YMBAIOLLENCS MAMMONMACTUKNA 3HAYUTENBHO NOBLILLAETCS BEPO-
STHOCTb BO3HUKHOBEHUS 1 pa3BUTUS 3a60NEBaHN COEANHNTENb-
HOM TKaHW, TakuX Kak MOMMMWUO3MWT, LEPMATOMMO3UT, NErOYHbIN
hnbpo3 1 gubpomuanrum [3].

Wccnepyst kancyny BOKPYT CUIMKOHOBBLIX MMMMAHTOB MOCne
ayrMeHTauuy B NO3AHEM MOCNeonepaLMoHHOM nepuoge, aBTopbl
OBOHapyXmnn cunbHbIA E-numdoumTapHbIn UMMYHHBIA OTBET, a
Mpu rUCTONATONOMM4YECKOM WCCREA0BaHMM ONpeaenunu Bbipa-
KEHHYI0 HECMELMEUYECKYI0 PEAKLMI0 Ha U3NMBLUNACS CUITMKOHO-
BbIil renb B pesynbTate MUKpOTpaBMaTtusamm [8, 22].

MHorue aBTOpbI YTBEPKAAIOT, YTO KDEMHWIA, MPUCYTCTBYHOLLMIA
B CUIMKOHaX B BUAE KPEMHUACOZEPKaLLMX COELMHEHWN, BbI3bl-
BaeT Y YeroBeka ayTOMMMYyHHbIe 3aboneBanus, a Takke ubpos
(cunnko3), pak nerkoro, B psige Cry4aeB XPOHNYECKYIO MOYEYHYHO
HEeJoCTaTO4YHOCTb. KpeMHWIn Takke Bbi3blBAeT Takue ayTOMMMYH-
Hble 3aboneBaHns, kak CUCTEMHasl kpacHasi BONYaHka, peBmato-
WOHBIA aPTPUT, NPOrPECCUPYIOLLMIA CUCTEMHBIN CKIEpO3, BaCKyNuT
[4, 6]. OnucaH naToreHe3 B3anNMOCBS3M ayTOUMMYHHbIX 3abonesa-
HWIA 1 KpeMHWS: Makpodhari 3axBaTblBaKT KPEMHUCOAEpKaLLMe
4acTWLbl, 3TO NPUBOAMT K NPOAYKLMM LIMTOKUHOB, UHTEPMENKIHOB
W B JanbHelwem K anonto3y makpodaroB. Takke BO3AEUCTBUE
KPEMHWICOAEPXKALLMX YaCTWL, MPUBOLNT K MacCOBOMY NMPOM3BOACT-
BY VHTepreiiku-17, B pesynbTaTe Yero yBenuMunBaeTcs Konm4yecT-
BO Hentpochunos. KpemHuiicopepxalyme YyacTulbl MHAYUMPYIOT 2
TUN BOCNANWUTENbHOTO OTBETA, 3TO XapaKTepu3yeTCs NOBbILLEHUEM
IgE 1 IgG 1 nponcxoauT XpoHnyeckas akTueauus T-KneTok B CO-
yeTaHWmM ¢ aucyHKUMen perynsTopHbix T-kneTok [18]. OgHako no
[aHHbIM [PYriX aBTOPOB, Y XeHLmuH nocrne MX HesHaunTenbHO
YBENNYMBAETCS PUCK ayTOMMMYHHbIX 3abonesanuii [10, 12].

HekoTopble wccnegoBaTeny YTBEPXKAAKT, YTO Y KEHLMH
cnycta 10 net nocne SMX B kancyne CUIMKOHOBOrO UMMNMaHTa
0BOHapyXMBaOTCS OMyXomneBble KNETKM, B CBA3M C YEM BO3MOXKHO
pa3BUTME aHannacTU4ecKon KPYMHOKNETOYHOWM numdomsl. [uar-
HO3 OCHOBbLIBAETCS Ha pesynbTaTax acnupauuu BbINoTa BOKPYr
uMnnaHTa u Hanuuus nonoxurensHoro CD30 daktopa [24, 13].

LENb

O6ocHoBaTb BMUSIHWE CUMMKOHOBBLIX WMMNAHTOB Ha [uMHa-
MUKY na6opaTopr|x napameTpoB N COCTOAHWE KNETOYHOro W
rymopanbHOro 3B€HbeB UMMYHUTETA NOCNE 3CTETUYECKOro 3HAO0-

NnpoTEe3npoBaHMA MOJIOYHbIX Xene3 B paHHEM U NO3AHEM MOCIeo-
nepaunoHHbIX nepunoaax.

MATEPWAN W METObI

B nccneposaHme BkntodeHb! 70 xeHLWMH B Bo3pacTe oT 21 4o
45 nieT, KOTOPbIM MI@HNPOBANOCh BbINOHATL 3CTETUYECKOE YBE-
NNYEHNE MOMOYHbIX Xene3 CUMMKOHOBBIMU UMMaHTamu. Beem
nayueHTkam 6bin NOCTaBNEH AWArHO3 «rUnoMacTus». NpuMeHs-
N umnnaHTbl 06bemom ot 295 1o 415 mn.

Kputepun uckmioveHns ot onepauum IMX: otcytcTaue
cornacus NauMeHTKM Ha NPOBEAEHUE MCCNEeA0BaHuUs; OHKOIO-
rnyeckue 3abonesaHus; XpoHW4eckue 3aborneBaHns B cTagnu
060CTpeHus; ayTonMMyHHble 3aboneBaHus, OCTpble U BANOTE-
KyLLme WHGEKLUMOHHbIE 3aboneBaHus; 3aboneBaHus cepLeyHo-
COCYANCTON W [bIXaTENbHON CUCTEM; KOXHbIE HEMH(EKLNOHHbIE
3aboneBaHNs B 30HE XMPYPrMYECKOro BMeLLaTenbCTBa; HapyLue-
HUSI CBEPTLIBAEMOCTH KPOBW B BUAE TMNepKoarynsauun; Hanuuue
BWM, renatutoB B, C, Tybepkynesa; Hannume BepemMeHHOCTH,
naktauum; Bo3pacT 4o 18 u Gonee 46 net. Ans npoBeaeHus
BCEX MaHUMyNALNA U MccnesoBaHui ObINo NONyYeHO NMCbMEH-
HOe cornacwe XeHLLMH.

Onepauns N0 YBENUYEHWO MOMOYHBIX XeNne3 UMniaHTamu
BbINOMNHANACh Yepe3 nepuapeonsipHbii AOCTYN C YCTaHOBKOW
CWIMMKOHOBBIX MMMAAHTOB Nog 6OMbLuy rPyaHYo Mblwuy. Onu-
TenbHOCTb onepaumm 1-2 Yaca. Beem xeHwwmHam (n=70) nposo-
Aunu nabopaTopHoe uccrnegoBaHe KpoBY Nepes onepaumen 3a
10 gHei, B 1-€ CyTkn nocne onepauum, Yepes 6 MecsLeB 1 Yepes
1 rop.

JlabopaTopHble METOALI AUArHOCTUKN aHanm3a KpoBM:

1. KnuHuyecknin n GUOXMMUYECKNA aHann3 KpoBm (3puTpoLy-

Tbl, TPOMOOLMTLI, TEAKOLUTLI, FeMOrobuH, reMaToKpuT,
Ounupybun, ANTT, ACT, obwmin Benok, caxap KpoBu v T.4.);

2. Koarynorpamma (npoueHT npotpombuHa no Keuky, AYTB,
TpOoMOKHOBOE BpeMS, hUBPUHOTEH);

3. /3yyeHne cybnomynsLmMoHHOro coctaBa nMMdouuToB ne-
pudepryeckomn KpoBHM € NOMOLLbI MOHOKMOHASbHbIX aHTK-
TeN K aHTUreHaMm METOAOM Na3epHON NPOTOYHON LUTOME-
Tpum (CD3*, CD4*, CD8*, CD20*);

4. Peakuns TOPMOXEHUS MUrpaLuy nekountos (onpegene-
HWe PyHKLIMOHANBHOW aKTUBHOCTW T-KNeTok);

5. Onpepenexne copepxaHus UMMyHOTMOBYNUHOB B CblBO-
POTKE KPOBM CTaHZAPTHbIM METOLOM OLHOMEPHOW paau-
anbHoW UMMyHoAUD Y3 B araposHom rene no Mancini
(aHanu3ampoBanucb M3MEHEHNsT MMMYHOrMobyMHOB IgA,
IgM, 1gG, IgE);

6. OnpefeneHne ypoBHS LMPKYNMPYIOLLMX UMMYHHBIX KOM-
nnekcos (LIVK).

['emaToNorMyeckme napameTpbl ONpeLensnncy asTomaTuye-
CKMMU aHannaatopamu. [py WHTepnpeTaunm gaHHbIX reMaTono-
TMY4ECKOr0 aHanu3a MCMonb30Banm 3HaYeHUs HOpMbl Mo obLie-
MPUHATBIM JaHHbIM.

[ins aHanmu3a nony4eHHbIX pesynsTaToB UCMonb30BanM Nporpam-
My PAST. [Ins CTaTUCTMHECKOTO OMMCaHWs AaHHbIX MPOBEPSNN UX
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cornacie C HopMarbHbIM PacrpefeneHneM U OLEHMBANM CPeaHue
3HaueHus, MeavaHbl ¢ 95 %-Mu JOBEPUTENbHBIMI MHTEPBANAMU.
CpaBHeHwe pesynbTaToB nabopaTopHON ANArHOCTUKA KPOBM,
nosTy4YeHHbIX cnycts 1 cyTku, 6 mecsaues u 1 rog nocne onepaTume-
HOrO NEYeHUst, NPOBOAWNN C pedyNbTaTaMu ANarHOCTUKM 3TUX Xe
NawlWeHTOB, NCCNEA0BaHHBIX O ONEPATUBHOMO NEYEHNS.

PE3YINbTAThHI

B xoge pabotbl y 70 XeHLWWH NpoBEAEH CPaBHWUTENbHBbIN
aHanu3 pesynbTaToB MCCMEA0BaHUS MokasaTenen KIMHNYECKoro
aHanuaa KpoBW (3pUTPOLWTBI, NEeiKouuTbl, remornobuH, rema-
TOKPUT, TPOMOOUMTBI, MMMGOLMTBI, MOHOLMTBI, HEATPOGUIbI,
303nHoGunbl, 6asodunel, CO3, CPB), Broxummyeckoro aHanu-
3a kpoeu (ACT, AT, BunupyOun obLyni, rnokosa, KpeaTuHIH,
MoyeBWHa, obwwen Benok, CPB) n nokasateneit KNeTO4HOro U ry-
mopanbHoro nMmyHuteTa (CD3*, CD4*, CD8*, CD20*, IgE, IgG,
IgM, IgA, LK) no n nocne xupyprideckoro SMX.

Mpn uccnefoBaHUK nokasatenem KNMHUYECKoro u bruoxumu-
4eCKOro aHamnu3oB KpOBW Nepes onepawuelt Bce pesynbTaThbl Ha-
XOAUNWCb B MPEAEnax HoOpMbl, a NP1 UCCIeA0BaHUN NokasaTenei
B NepBble CyTKW nocrneonepauymorHoro neproaa AMX y XeHLuH
(n=70) Bbno BbISBNEHO NOBLILLEHME NeikoLmuToB Jo 12:10°r/ny
45 (64,3 %) xeHwuH, nosbiweHne COI go 30 mm/y 'y 32 (45,7 %)
KEHLLMH, a KONn4yecTBO NuMdoLuMToB noBbicunock y 27 (38,6 %)
XEHWMH Ao 6:10°/n. [pyrve nokasaTenu KpoBK HE UMENM [0CTO-
BEPHbIX OTANYUI.

Yepes 6 mecsues nocne AMXK konu4ecTBo NENKOLIMTOB B KPOBU
ocTaBanoch noBbilleHHbIM Y 16 (22,9 %) xeHwmH go 10-11-10°r/n,
konnyecTBo nuMdoLnToB 6bino nobieHo y 10 (14,3 %) xeHLH
00 5,210°/n, a CO3 6bino nosbileHo Tonbko Y 4 (5,7 %) po 17
MM/d. Tarke yepes 6 MecsiLeB OTMEYarnoch NOBbILEHME COaep-
XaHns 3031HOGNNoB, koTopoe coctasuno A0 12% y 13 (18,5%)
xeHwmH. Copepxanne CPB B CbIBOPOTKE KPOBM MOBLICKIOCH OO
3,8 mriny 3 (4,3 %) xeHwwmH. [laHHble nokasaTenen KIMHNYECKoro
1 BYOXMMWYECKOrO aHaNW30B KPOBM, MONYYEHHbIE B HALLEM uccrie-
[OBaHNK, B YaCTHOCTW COBNAZAI0T C JaHHbIMI APYTX Y4eHbIX [24].

Mpn CpaBHUTENBHOM OLiEHKE MOKa3aTenen KPoBW Y KEHLLMH
(n=70) B nepBble CYTKM NOCNEONePaLOHHOMO Nepruoaa 1 Yepes
6 mecsues nocne onepavyn IMXK Gbinn 0bHapyxeHbl JOCTOBEp-
Hble oTnmyus (tabn. 1).

Mpumeyanue: n — obbvem BoibopkM; M,, My — cpegHne 3Ha-
YeHUs B MEepBblE CYTKM U 4Yepe3 6 MecsLeB COOTBETCTBEHHO;

D,, — cpefHee napHbIx pasHocTer; SES — cTaHaapTM3MpoBaH-
HbI apdekT pasmepa no KoyaHy. B BuAe NOACTPOUHBIX UHLEK-
COB YyKka3aHbl rpaHuLpl 95 %-x U

Mo pesynbTatam nccnegoBanus (tabn. 1) obwero aHanusa
KpOBM B paHHeM MOCMeonepaLMoOHHOM nepuoae B 1-e€ CyTku W
yepes 6 mecsueB nocne IMXK BbliaeneHbl Hanbonee 3HauNMble
nokasatenu obLyero n GMOXMMUYECKOrO aHanM30B KpOBW: NEliKo-
untbl (p=2,3-10%), CO3 (p=1,1-10%), numcpouutsl (p=7,3-107),
303uHomnbl (p=1,0-102%) 1 CPB (p=1,3-10"). MNoBbIweHe konu-
yectBa nenkouutoB go 12:10°r/n, CO3 go 30 Mm/4 1 numdoum-
TOB 70 6-10°/n B nepsble cyTkm nocne AMX oTpaxaeT Hannyne
OCTpOV BOCMANMUTENbHOM PEakLni B OPraHu3mMe KEHLUMHbI B NO-
cneonepaumoHHoM nepuoge. Yepes 6 mecsues nokasatenu COJ
W KOMMYECTBO NUMEOLMTOB OblNv MOBbILIEHbI HE3HAYUTENBHO,
40 17 mm/4 1 go 5,2:10°/n cOOTBETCTBEHHO, @ NEMKOLMTLI Bbinn
no.biwweHbl 4o 9-10°r/n B 14 % cnyyaes. [NoBbIWeHne copepxa-
HWs 903uHobunoB 8o 12% u CPB go 3,8 mr/n yepes 6 mecsues
nocne OMX oTpaxaeT annepru3aLluio OpraHnamMa XeHWuH n3-3a
WMNaHTaLun MHOPOAHOrO Tena (MmnnaHTaToB). PasHuua gpyrux
remMaTonornyeckux nokasatenen (3puTpoLmTbl, reMornobuH, re-
MaTOKpUT, TPOMBOLMTLI, MOHOUMTBI, HENTpodunbl, 6asodunsl)
Obina HegocToBepHoi (p>0,05).

Uepes rog nocne SMX y KeHLMH nokasaTenu KIMHNYECKOro
(spuTpoLnTbI, reMornobuH, reMaTokpuT, NEMKOLMUTLI, NMMEOLK-
Tbl, TPOMBOLMTLI, MOHOLMTLI, HERTpodunbl, 6azodunsl, COJ)
n Guoxmmnyeckoro aHanmmsos kposu (ACT, AT, GunmpybuH
obLLui, rnoKo3a, KpeaTuHWH, MoYeBMHa, oblwen 6enok, CPB) B
npegenax HopMbl. [10BbILEHHOE Cofepx)aHne 303MHOPUIIOB OT-
MeyaeTcs Tonbko Y 3 (4,3 %) nauneHTok.

Mpy nccnepoBaHMM nokasaTenei KNeTOYHOro U rymoparb-
Horo ummynuteta (CD3*, CD4*, CD8*, CD20*, IgE, IgG, IgM,
LIMK) B nepBble cyTkn mocreonepaLyMoHHOro nepuoga nocne
OMX 6b1n0 BbISIBNIEHO MOBbILIEHUE KOMMUYECTBA T-NUMAOLMTOB
CD3*00 86% y 10 (12,3 %) XeHLuH, NoBbILLEHNe T-LIUTOTOKCK-
deckux knetok CD8* o 40% y 3 (4,3 %) xeHWuH, a Takke no-
BbiweHne B-numdountos CD20* 8o 21% y 4 (5,7 %) XeHLmH.
MosbiweHnue IgE go 17,5 r/n o6HapyxeHo y 1 (1,4 %) KeHWMHBI.
Takue nokasatenu kak CD4*, IgA, 19G, IgM, LIUK 6binn B npepe-
nax HoOpMbl B MepBble CYTKW NOCNEoNnepaLyMoHHOro neprnoaa.

Uepes 6 mecsiLies nocne onepaumm AMX ycTaHOBNEHO NoBbI-
wenue T-knetok CD3*0o 86 % y 4 (5,7 %) XeHLUMH, NOBbILLEHNE
T-xennepoB CD4*00 53% y 2 (2,9 %) *eHwwuH, nosblweHne B-
numdouutos CD20* o 23 % y ogHol (1,4 %) xeHwwmHbl. OTMeva-

Tabnuua 1
MokazaTtenu KPOBM B NepBble CYyTKK nocrieonepaunMoHHOro nepuoaa
1 yepe3 6 mecsALEB nNocne 3HAONPOTE3NPOBAHMA MOJNTOYHbLIX Xene3
MpuaHak n M, M Dy, |SES| p

NeikouuTsl 70 638,804 580,366 24285, 101,316 2,310
03 70 1597 s 556372 112644 01 04 o 1,1-10°
JNumdpouuTel 70 35 3,8 41 273,033 06 0,8 14 040,6 0 7,3108
J03unHoDUbI 70 34 69 1 152,538 020,5 ¢ 1,0-10°
CPB 70 020,304 272,93 02-0,04, 020,243 1,3-10-3
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etcst nosblwweHue IgE y 10 (14,3 %) n 19G y 4 (5,7 %) naumneHToK,
apyrue nokasatenu ummynnteta (CD8*, IgM, LIVK) Gbinn B npe-
Jenax HopMbl. [laHHble nokasaTenen KneTovHOro 1 rymoparbHo-
rO UMMYHUTETA, NOMyYeHHble B HALIeM UCCnefoBaHni, B YacTHO-
CTW COBMAJal0T C JaHHbIMW ApYruX yyeHbix [6, 14].

Mpy CpaBHWUTENbHOW OLEHKe MOKa3aTenei KMNeTOYHOro M
TYMOpPanbHOr0 UMMYHUTETA Y KeHWWH (n=70) B nepBble CyTKN
nocneonepaLyoHHOro nepuoga u yepes 6 mecsues nocne one-
pauun IMXK 6binu 06HapyKeHbl CTaTUCTUYECKW 3HAYUMbIE pas-
nuams (tabn. 2).

MpumeyaHne: n — obbem Bbibopku; M, n M, — cpegHue 3Ha-
YeHUs B NEPBBIE CYTKM U YEPE3 LUECTb MECSLIEB COOTBETCTBEHHO;
D,; — cpefHee napHbIx pasHocTen; SES — cTaHaapTM3MpOBaH-
HbI1 achdekT pasmepa no KoysHy. B Buae NOACTPOYHbIX MHAEK-
COB yKa3aHbl rpaHuubl 95 %-x [N.

Mo npeacTaBneHHbIM pesynbTatam (Tabn.2) KNeTo4yHoro W
yMOpanbHOro MMMYHWTETa Bbinv BbISIBNIEHbI CTATUCTUYECKM 3Ha-
ynmble nokasatenu CD4*(p=7,30-10%), CD20*(p=0,8:109), IgE
(p=0,6:10?). Yepes rog nocne AMXK nokasatenn MMMyHuTETa
(CD3*, CD4+, CD8*, CD20", IgE, IgG, Ig M, LIKK) 6binn gocto-
BEPHO He 3HaunMbl. MOXHO NpeanonoXuTb, YTO Y KEHLIMH B OT-
AaneHHoM nocneonepaLymoHHOM NepUoAe pasBMBanCb MMMYHO-
normyeckune paccTpomcTea B BUAE annepruayny K uMnnaHTam.

[MoBbIlWeHWe noka3aTenen KpoBW (NeikouuTos, numdoun-
108, COJ) B paHHem nocneonepayoHHom nepuoge nocne AMXK
OTpaxaeT Hannyue OCTPOW BOCMANWUTENbHOW peakuun B opra-
HW3Me XeHLMH. B oTmaneHHOM nocrneonepauyoHHOM nepuoge
BbISIBIEHO MOBbILLEHME copepkaHus 303unHogunos, CPB, noBbi-
LUEHWE KMNETOYHOro W rymMopanbHOro uMmyHuteta (T-xennepos,
B-numdoumtos, IgE). MoxHO npeanonoxutb, YTO passuBanmch
MMMYHOJIOMMYECKE PacCTPOCTBA B BMAE anneprusaunm K um-
nnaHTam.
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303uHodunoe o 12% un CPB go 3,8 mr/n ,noBbiEHNe KonuyecTBa
T-numcpountoB CD3*po 86% y 10 (12,3 %) KEHLLMH, NOBbILLEHVE
T-xennepoB CD4*no 53% y 2 (2,9%) *eHwWuH, noebiweHne T-up-
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nosbilueHne B-numeoumtos CD20*a0 21% y 4 (5,7 %) xeHwwmH, Mo-
Bbilwenue IgE y 10 (14,3 %) naumeHTok v 1gG y 4 (5,7 %) navmeHTok.
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UYBCTBUTENBHON peakuuu UMMYHUTETA Ha YCTAHOBNEHHble M Ann-
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MEXAHWU3Mb| TPAHCMOPTA NIMNUOOB YEPE3 SHTEPOLUT KULUEYHOM
BOPCUHKU

© VBaH [Jobpomuposuy [umos', Anekcanap Amutpuesmny Kawwmn?, Mapus AnekcaHapoBHa 3a0pukoBa?,
AHHa BanepbeBHa 3aiuesa’, lanuHa HukonaesHa [eHucosa', Hatanbs PacdannosHa Kapenuna'
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KoHTakTHas nHdopmaums: Mean lobpommnposny Jumos — K.6.H., acCcUCTEHT kadeapbl aHaTomMuu yenoseka. E-mail: doktordimov@mail.ru

Pestome: B cTatbe npeAcTaBneH 063op nccnefoBanuit, MOCBSLLEHHbIX U3YYEHNI0 TPAHCLMUTO3a IUNUAO0B B SHTEpOLMTE
KWLLIeYHOIN BOPCUHKM. [poaHan13npoBaHbl M3BECTHBIE AaHHbIE U TUNOTE3bl TPAHCMOPTa NMNUAOB: Yepes nna3mMoneMmy
SHTepouuTa, U3 3HAONNA3MATIYECKOro PETUKYTyMa Yepe3 KOMMNeKe fonbaXN, U3 30HbI MEXKIETOYHbIX KOHTAKTOB B
COBCTBEHHYI0 NNACTUHKY KULLEYHOW BOPCUHKN. [peacTaBneHbl AaHHbIE O NOMMOLEHUU NUNNG0B anukanbHON YacTbio
nnasmonemmbl 6e3 aHgounTo3a. OnucaHbl OCHOBHbIe BernkoBble MexaHu3Mbl, obecneynsatoLLme cO6OpKy Npexunnomu-
KpOHa B 3HAONIAa3MaTUYeCKOM PeTUKYTyMe 1 JarnbHelllee ero nepemelleHne B komnneke fonsgxu. Obcyxaaercs
ponb COPII-nokpbITS 1 ero cy6beanHuL, B TpaHCNOPTUPOBKE NPEXMNOMUKPOHA U3 SHOONNA3MaTUYECKOro peTu-
kynyma B komnnekc fonbaxu. MpegcrasneHsl ybegutenbHble fokasaTtensctea HeobxogumocTtn COPII-nokpeiTus
B TPAHCNOPTMPOBKe NUNNLOB Yepe3d 3HTepouuT, B TO Bpems kak COPIl-npon3BoaHble Be3NKyIbl He (DOPMUPYIOTCS.
lMpoaHanu3npoBaHbl CyLLECTBYIOLLME MOAEN TPaHCnopTa XUITOMUKPOHOB Yepes komnneke fonbaxu u yyactue oc-
HOBHbIX B€MKOBbIX MaLlKH B 3TOM npouecce. [peacTaBneHbl oKa3aTenbCTBa HECOCTOATENbHOCTU «BE3NKYNAPHON»
W MOAENN «CO3peBaHNs 1 NPOrpeccun LMcTepH». BeigsuHyTa runotesa o Haubonee BEPOSTHOM MOENM TpaHcnopTa
XWUIOMWUKPOHOB Yepe3 KoMneke [onbaxm Ha OCHOBE MexaHi3Ma «HEMOMHOro CANSAHNUS» MembpaH — «kiss-and-runy-
mogenu. lokasaHa ponb UuToCcKeneTa sHTepoLuTa B TpaHCLMTO3e NUninaoB. MpeacTaBneHbl JaHHbIe UCCneA0BaHui
TpaHcnopTa NMNUAOB B YCMOBUAX BbICOKOM NIMMUAHOM HArpy3ku, KOTOpbIe AEMOHCTPUPYIOT HaKoNneHne NUNUAHbIX
kanerb B LMTO30r€e anukanbHOM YacTu KNeTku, B HeNocpeaACTBEHHOM BNN30CTI OT 3HAONIA3MATUYECKOTO PETUKY-
nyma. MNpeAcTaBneHHble AaHHbIe CYLEeCTBEHHO JOMNOMHAKT HalW NpeACcTaBneHns 0 TPaHCLMTO3e NUNUA0B Yepes
SHTEPOLMT KMLLEYHON BOPCUHKM, OAHAKO BbIABUHYTbIE aBTOpaMm runotesbl TpebyioT JanbHENLWEro U3y4YeHns u
novcka Mopgonor1nyecknx JokasatenbCeTs.

KntoueBbie cnoBa: QHTEPOLINT, 3HAONNa3MaTU4ecKui PETUKYITYM, KOMMNJTEKC fonbaxm, TpaHCcnopT NMnNnuaoB

MECHANISMS OF LIPID TRANSCYTOSIS THROUGH SMALL INTESTINE
ENTEROCYTES

© Ivan D. Dimov', Aleksandr D. Kashin?, Maria A. Zdorikova?, Anna V. Zaitseva', Galina N. Denisova', Natalia R.
Karelina'

' Saint-Petersburg State Pediatric Medical University. 194100, Saint-Petersburg, Litovskaya str., 2

?lvanovo State Medical Academy. 153012, Ivanovo, Ivanovo region, Sheremetevsky pr., 8
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Summary: The article presents a review of studies of lipid transcytosis in enterocyte of intestinal villi. The known data and hy-
potheses of lipid transport are analyzed: through the plasmolemma of the enterocyte, from the endasmic reticulum through the
Golgi complex, through the Golgi complex, from the zone of intercellular contacts into the intestinal villus lamina propria. The data
on lipid uptake by the apical part of plasmolemma without endocytosis are presented. The main protein mechanisms that ensure
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the assembly of pre chylomicron in the endoplasmic reticulum and its further movement into the Golgi complex are described. The
role of the COPII coating and its subunits in the transport of pre chylomicron from the endpasmic reticulum to the Golgi complex
is discussed. Convincing evidence is provided for the need for a COPII coating in transporting lipids through an enterocyte, while
COPII-derived vesicles are not formed. The models of the existing chylomicron transport through the Golgi complex and the participa-
tion of the main protein machines in that process are analyzed. The evidence of the insolvency of the «vesicular» and the model of
«maturation and progression of tanks is presented. A hypothesis has been put forward on the most probable model of chylomicron
transport through the Golgi complex based on the “incomplete fusion” of membranes — the “kiss-and-run” model. The role of en-
terocyte cytoskeleton in lipid transcytosis was shown. The data of studies of lipid transport under high lipid loading conditions are
presented, which demonstrate the accumulation of lipid droplets in the cytosol of the apical part of the cell, in the immediate vicinity
of the endasmic reticulum. The data presented substantially complement our understanding of lipid transcytosis through enterocyte
of intestinal villi, however, the hypotheses put forward by the authors require further study and search for morphological evidence.

Keywords: enterocyte, endoplasmic reticulum, Golgi complex, lipid transport

HecMmOTps Ha OrpOMHbI NPOrpecc B paclundpoBKe Mone-
KyNsipHbIX MEXaHM3MOB BCACLIBAHWUS! NMUNULOB B TOHKOW KMLUKE,
MHOrve acnekTbl TpaHcnopTa NMNULOB OCTaKTCs A0 CUX NOP He-
SCHbIMU. 3HaHWS O MeXaHu3mMax NINMMBHOTO TPaHCUMTO3a Yepes
SHTEPOLMTLI BaHbI AN MOHUMAaHUS NaToreHe3a pasnuyHbIX 3a-
BonesaHuit, BKMOYas aTepocknepos, AMCAMNUAEMIIO U Apyrue.
lMpuMeyaTeNbHO TO, YTO BONBLUMHCTBO MMEIOLMXCA Ha CEroa-
HSLUHWIA OeHb JaHHbIX O TPAHCMOPTE NMUMMAOB ObInM MOMYyYEHbI
Ha KNMeTOYHbIX KymnbTypax, TOrda Kak B TKaHSX 3TOT NpoLecc uc-
CnepoBancs TOMbKO NOCNe 3HAYUTENbHOM Neperpyskn aTux Kne-
TOK nunngamm [5, 6, 24].

B Hawem 0630pe Mbl OCTAaHOBUNCh Ha KMKOYEBbIX M3BECTHBIX
KNMEeTOYHbIX 1 MOMEKYNAPHBIX MeXaHu3mMax TpaHcrnopTa nMnugoB
yepes SHTEepOLUT KMLIEYHOW BOPCWHKM, MpOaHanmuanpoBamu cy-
LiecTByOLWMe Npobnembl 1 NPOTMBOPEYNs, PaCCMOTPENu npea-
naraemble B nuTepatype runotesbl TpaHCmopTa NMNUAOB Ypes
SHTEPOLWT.

/3BecTHO [5, 6, 7], 4TO B MpoLecce MuLLEBAPEHNS HU3KOMOTTE-
KyNsipHbIE NUMKAbI NPOXOAAT Yepes MMMKOKaNMKC 3HTEepoLMTa Kit-
LUEYHON BOPCUHKM, rOe NPOJOMKAeTCs UX rMaponmM3, U JocTuralT
anvkanbHoi nnasmatnyeckoit membpatbl (MM). LetouHas kaemka
SHTEepOLMTa 32 CHET KMCIOTHbIX OCTATKOB MOMCaxapyaoB MMMKoKa-
TIKCa MIMEET KUCMYHK PeaKLyi Cpefbl, MOSTOMY KVPHbIE KUCTOTbI U
MOHOALMOTNMLEPUH MOTYT BCTPaMBaTLCS B HAPY)KHbIA NIUCTOK anu-
KanbHOW YacTu nnasmatuyeckoit MembpaHbl SHTepoLmnTa anddysu-
e/ Unu, Kak CYUTalOT psig aBTOPOB, C MOMOLLB MEMOPaAHHOTO Ui
MOnekynsapHoro nepeHocumka [15, 26]. Bbin npogeMoHCTpupoBaH
SHOOLMTO3 MMMyHOrnoBynnHa G, KOTOpbIN 3aTeM MepemeLLaeTcs
k 6asonatepanbHoON YacTu nnasmaTnyeckoil MembpaHsb! Yepes ceTb
B3aMMOCBSA3aHHbIX TPYBUaTLIX COEANHEHMI U BE3WKYN [24].

TpaHCUMTO3 MULLEBBIX NMUAOB YEPE3 IHTEPOLMT NPOUCXOZMUT
C MOMOLLbK 0COB0M TPAHCMOPTHO! hOpPMbl — XUNOMMUKPOHa [37,
38, 40, 43]. X1noMUKpOHbl — NMMUAHBIE YacTULbI, COAepXaLlme
HeMTpanbHbI NUNKG B SApe W NONSPHbIE NUNKAbI C anonunonpo-
TeuHamu (B ocHoBHOM, ApoB) Ha ux nosepxHocTu [13, 22, 23, 34].
ViccnenoBaHust NOCRERHUX NET BbISBUNM HECKONbKO CEMENCTB
MOneKyn, 06ecneynBaloLLX HEBE3NKYNAPHbIA NMEPEHOC NMNUOOB
MeXay BHYTPUKNETOYHbIMKU MeMbpaHamu [27]. 310 Benkn ABC-
TpaHcnopTepsbl, ATP-a3bl P-Tuna, cemeinctso Niemann-Pick tuna
C (NPC-6enkn).

Takum 06pa3oM, HU3KOMOSEKYNSIPHbIE NMUMMALI MOTYT nepe-
melaTbes Boonb MMM natepanbHon guddysnen unv ¢ NoOMOLLbH
Genka-nepeHocymka. Ty ponb MOXET BbIMOMHATL Takke Genok
anukanbHOM YacTu nnasmonemMmbl CD36, KOTOpbIN MOXeT TpaH-
CnopTMpOBaTh CBOOOAHBIE XMPHBIE KUCNOThI. YaaneHue CD36 u3
reHoMa pesko CHUXaeT CrnocOOHOCTb 3HTEPOLIMTOB TpaHCMOPTy-
poBaTb fmnuabl [27].

W3yyeH TpaHCMOPT NUMMEOOB Yepe3 3HTEPOLMT, UCMONb3ys
MOZENb, UCKIOYAOLLYK BbICOKYIO TPAHCMOPTHYH Harpy3ky [39].
WccnepoBaHus He oBHapyxunu HU MemBpaHHbIX NepeHOCYNKOB
B CyObanukanbHoil 30He LMTONNA3Mbl SHTEpOLMTA, HA MeMOpaH-
HbIX NOYeK Ha anukanbHoi YacTu MM HK B KOHTPOMbLHOW rpynne,
HX B OQHOM U3 3KCmepuMeHTanbHbIX rpynn [39]. MoaTBepxaeHsl
[aHHbIE psiia aBTOPOB, KOTOPbIE Takxke He 0BGHAPYXMNK annkanb-
HbIA 3HOOLMTO3 B 9HTepoumuTax y 13-TMOHEBHbIX KPbIC U B3pO-
CMbIX XMBOTHbIX [17, 35]. OTOT haKT NO3BONSET FOBOPUTL O HU3-
KOW BEpOSTHOCTM MepeHoca NMNULOB C MOMOLLbK MeMOpPaHHbIX
MepEeHOCYNKOB, Kak Mpegnonaranoch paHee.

[ns pokasatenbcTBa MexaHusma Auddysun nUNWGoB no
nnasmonemme Obln MCNONb30BAH METOL YCWIEHMsS KOHTpacTa
[17]. Ha obpasuax, B KOTOpbIX Obln YCUEH KOHTPACT NMMUAHBIX
CTPYKTYP, BbISIBUNW NMNUOHBIE MULENbI B LuUTONMa3me, B TO
BPeMS, kak Habnaancs XopoLwo OKpaLleHHbI NpUMeMBpaHHbIi
CMOW 3NUTENNS U NOKaNbHbIE Y4acTKU anukanbHOW nna3monem-
Mbl. [laHHble HabntoAeHNs CBMAETENLCTBYIOT NPOTUB TUNOTE3bI O
BO3MOXHOCTU AN dy3umn NUMNMAOB YEPE3 LIMTO30Mb.

Mpn “CcnoMb30BaHUM SKCNEPUMEHTaNbHOM MOLENU, WUCKIHO-
yatowen Bonbluyld NUNNGHYI0 Harpy3ky, 0CMUOUIbHbIE «Ka-
nau» NUNUAOB BrepBble MOSIBAAKTCA B NPOCBETE LMCTEPH
rMagKkoro 3HAOMNasMaTU4eckoro peTukynyma, nokann3oBaH-
HbIX B HEMOCPEACTBEHHON BAM30CTU OT NNOTHOMO COEAUHEHNS
MEXAY COCEAHNMMU dHTepouuTamu [2, 4]. Kpome Toro, 6bino 0b-
HapyXeHo, YTO Yepe3 NATb MUHYT MOCne BBELEHUS MULLEBbLIX
NUNNZOB B NPOCBET KWLWKK MapkupoBka ApoB B LiepoxoBaTom
9HOONNa3MaTNYeCckoM PETUKYNYME 3HAYUTENBHO CHUXAETCS W
MoBbILAETCA B NPOGUNAX MagKoro SHAOMNNA3MaTUYecKkoro pe-
TUKynyma [45].

CuHTE3 Npe-XMNOMUKPOHOB NOAPOBHO M3yyancs 1 onucaH B
psige ob3opos [1, 2, 3, 7, 9, 10, 11, 12, 29, 30, 31, 32, 39]. Mpu
3TOM O MOSIEKYMNSIPHbIX MEXaHWU3MaX, y4aCTBYIOLMX B TPaHCMOpTe

& pOCCHIICKHE BHOMETHIHCKUE HCCTFIOBAHIA  TOM 53 No2 2020

eISSN 2658-6576




26

REVIEWS

NMNIZO0B W3 SHAONNA3MaTUYECKOTO PeTUKynymMa B komnnekc onb-
KU M Yepes opraHenny, NpakTU4eCkn HUYEro He N3BECTHO.

N3BecTHO, YTO BO Bpems TpaHcnopTa BenkoB 13 aHgonnas-
MaTW4YeCcKoro peTuKynyma B KoMmnnekc [onbmku Heobxognm
komnnekc 6enkos nog HassaHuem COPII (coatomer protein II).
Koatomep-2 coctout n3 natu 6enkoBbix cybbeamuuy: Sec23p,
Sec24p, Sec13p, Sec31p, Sarlp, KOTOpble NONMMEPUIYIOTCS Ha
MembpaHax SH4ONNa3MaTNYeCckoro peTukynyma, KOHLEHTPUPYIOT
rpy30Bble MOMEKynbl, peLenTopbl 1 Apyrie 6enku, a Takke CBO-
payunBalT MembpaHy, POpMUpPYs TPAHCMOPTHBIN NEPEHOCYHK.

Mo aHanorum 6bino BbICKa3aHO NPeSMNoNoXKEHNe, YTO Npe-Xu-
NOMUKPOHBI Takxke TpaHcnopTupyTcs ¢ nomowbto COPIl-3aBu-
CMMOTO TPAHCMOPTHOTO NEPEHOCHMKa. TeM HE MEHee 0Ka3anoch,
470 in vitro 0bpa3oBaHme xunomukpoHoB He Tpebyet COPII-6en-
koB 1 monekynbl GTP, Heobxoagumbix ans obpasosaHus COPII-
3aBuUCUMbIX Be3ukyn. OpHako Ans TpaHcrmopTa Heobxoaumbl:
AT® u psn SNARE-6enkoB (VAMP7, cuHTakeuH-5, Bet1 un vti1a).
Wurmbuposanne VAMP7, ApoB48 nnn CD36 npnsoauT k npekpa-
LLEHWI0 NPOAYKLMM NPe-XUIOMUKPOHOB in vitro [40].

MokasaHo, yto Sarlb, Sec23 n Sec24C cBf3biBaKOTCA C
apoB48 [20, 40, 43]. Mexgy Tem WHrMbMpyloLmMe aHTUTENa K
Sar1 nonHocTblo npekpallanu obpasoBaHne COPII-3aBMCHMBIX
Beaukyn. Mpu gobasneHnn pekombuHaHTHOro Sari, TpaHcnopt
Bo306HoBnANCS. Kpome Toro, BbIno nokasaHo, YTo Ans BbIxofa
Npe-XUNOMMKPOHOB 13 3HAOMNA3MaTUYECKOTO PETUKYIyMa Bax-
Ho cdhocchopunmpoanue benka Sar1b [40]. B otcytcTBue Sarf
TPaHCMOPTHbIE NEPEHOCHMKI MEXAY SHOOMNNAa3MaTUYEeCKUM PeTH-
KynyMOM W KOMMNEKCOM [onbaxu hopMUPOBannChb, HO TEPSN
CMOCOBHOCTb K CAMSIHUIO C Luc-MemBpaHamu opraHennsl [40].
Takum obpasom, COPIl Heobxoaum ans TpaHCNopTa XMMOMMUKPO-
HOB, OIHAKO €10 POfb OCTAETCS Maro MOHSTHOM.

OnuncaHo, YTo BO Bpems 06pa3oBaHMs TPAHCMOPTHOrO nepe-
HOCYMKa Ha MemBpaHax SHAONNa3MaTUYECKoro peTukynyma dop-
MUPYETCS CneunUYeckuin y4actok — «CaiT BbIXOAA rpy30BbIX
monekyn». OfHako HeT MOpPGONOrMYECKUX NOLTBEPKAEHUA UX
CYLLECTBOBAHIS Ha 3HAONNA3MaTUYECKOM PETUKYITYME B SHTEPO-
uuTax in situ.

Kpome Toro, pasmep COPII-3aBucumbIx Beaukyn (65-84 Hw)
SBNAETCA eLye OAHUM apryMeHTOM B NMOMb3y rMnoTesbl, ONpoBep-
ratoLLen BOIMOXHOCTb UX Y4acTUsl B MEPEHOCE XMITOMUKPOHOB W
NMNONPOTENAOB OYEHb HU3KOW MIIOTHOCTH, ANaMETP KOTOPbIX MO-
XeT BbITb 3HauMTENBHO GornbLue [28].

[nsg ycTpaHeHws 3Toro npoTuBOpeuns Bbino npeanoxeHo
CyLLeCTBOBaHWe B SHTEPOLMTE OCODbLIX TPAHCMOPTHbIX BE3WKYN
(Npe-XMnoMMKPOHHbIE TpaHCMOpTHbIE Beankynbl) [40]. B ux obpa-
30BaHNM, Kak cunTatoT aBTOpbl, Heobxoanmbl Genkn TANGO1 u
Mia2/cTAGES (TALI), yyactBytowme B nepemeLleHum BonbLumnx
MOSEeKYNAPHbIX arperaToB 13 3HOONNA3MaTUYECKOro PeTUKkynyma
B KOMMNNeKe [onbaxu B kneTkax Mnekonutawwmx [38], B ToM yu-
Cne NUMNonNpPOTENAOB OYEHb HIU3KOWM NNOTHOCTY B renatouuTax [18]
1 arperaToB npokonnareHa B gmbpobnacrax [16, 29, 30].

B komnnekce onbgxu NpexunoMUKpOHbl NOABEPralTes M-
KO3UMPOBAHWKO U CTAHOBSATCS XWIOMUKPOHaMK. Ero nunuaHbIi
COCTaB Moguduumpyetcs 1 vactuua npuobpetaet ApoAl [15].

Beawkynbl, BblaeneHHble 13 komnnekca onbmki KULLEYHOTO 3nu-
TENUsi, cogepxanu nubo XunoMukpoHsl, nubo (pesko) nunonpo-
Temabl 04eHb HWU3KOM MIIOTHOCTM, HO HUKOrAa 0be YacTubl [27].

AHanu3 Kprocpe3oB Komnnekca IofbaKu 3HTEPOLMTOB KPbIC
nocrne ronofanus BbisBua ApoB B HagbsaepHo 06nacTu KneTku,
B 30He komnnekca [onbmxu. OgHako nocne NUNUAHONM Harpysku
ApoB cmewlaetcs B uHTepcTMumin. Yepes 25-30 MuH nocne kop-
MITEHMSI )KMBOTHOTO B HAAbSAAEPHO 30HE LNTONNa3mbl SHTEPOLN-
Ta HabnKganch X1poBbIe Kanmu.

B aHTepouuTax koMnnekc Fonbaxu UMEeT TUMKUYHYI CTOMOY-
HYH0 CTPYKTYpY 1 pacnonoxeH B6nuau sapa [35, 36]. Y kpbic nocne
ronoJaHns komnmnekc Fonbmkn coctoan u3 3-4 meamanbHbIX Mano
nepchoprpPOBaHHbIX LMCTEPH. Liyc- 1 TpaHC-UMCTEPHBI, Kak npaBu-
0, OTCYTCTBOBAMM WUnK BbINN NNOXO0 BbipaxeHsl. 1py 3TOM TpaHc-
LMCTEPHA SHLONNA3MaTUYECKOrO PeTUKyymMa 4acTo Habnioganack
B HEMOCPELCTBEHHOI BIM30CTM OT MeananbHONA LNCTEPHbI TPaHC-
nontoca unu Bbina cesidaHa ¢ Heil. Kpome Toro, B HEMOCpeaCcTBeH-
HOM BIM30CTW BOKPYT OpraHensibl pacnosiaranmcb 60-HM BE3NKYIbI.
YBenuueHue Konu4ecTBa BE3MKyI B CTPYKTYpe Komnnekca [omnbaxm
ObIN0 ONMCcaHO B Pa3nnYHbIX KNeTKax HeodHOKpaTHO [31, 44].

lNcne NMNMOHOW Harpysku Yy KpbiC MOSIBNSANMUCH nepdopupo-
BaHHbIE LMCTEPHbI Ha LMC- N TPAHC-CTOPOHE CTOMKW U YMEHbLLa-
NoCb KOMMYecTBO CBOBOAHbLIX BE3WKYN B CTPYKTYpe KOMMnekca
Fonbaxm [3, 12, 13, 39]. CunbHO NepthopupOBaHHbIE LIMCTEPHBI,
thopmMupytoLLme Mexay coboil MeXLMcTepHasbHble MeMOpPaHHbIe
CBSI3M, SIBNSIOTCS OCHOBHBIM MPU3HAKOM BbICOKOrO YPOBHS CEKpe-
TOPHOW aKTUBHOCTU OpraHennbl [28, 44].

O mexaHu3max TpaHcnopTa XWIOMUKPOHOB Yepe3 CTOMKY
komnnekca [onbaXu 1 UX BbIXOAE U3 OpraHensibl U3BECTHO HEM-
Horoe [35]. Bbinu coenaHbl MONbITKM SKCTPANoONMPoBaTh Hanbo-
nee [oka3aHHble MOZenu TpaHcnopTa BenkoB yepes KOMMMeKe
FONbAXM Ha TPAHCMOPT NUNWAOB.

Mogenb «nporpeccun 1 Co3peBaHus LUCTEPHY» npeanonara-
€T, UTO rpy30Bble MOMeEKymbl NepeMeLLlaloTcs Yepes CTOMKy, He
nokugas npocseta uucTepH. lMporpeccus uucTepH obecneyusa-
eTca COPI-npon3BoaHbiMmM Beaukynamu [16]. HabnopaeTcs npo-
LUeCC KOHLIEHTPaLWN XUITOMUKPOHOB BO BPEMS UX MPOXOXOEHUS
yepes CTONKy komnnekca [onbaxu B natepanbHbiX pacLUMpeHunsx
uucTepH [2, 4, 6, 7]. AHamnorMyHo KOHLEHTPUPYETCS Npokonna-
reH-1 B ombpobnacrtax [16] B renatoumtax [18, 35, 43].

Beina cgenaHa monbiTka OBBACHWTL TPAHCMOPT NMNMEOB
yepe3 KoMnneke OonbmkM C MOMOLLBIO «BE3VKYNSPHOM» MO-
Jenu, koTopas npegnonaraeT TPaHCNopT rpy30BbiX MOMEKYN C
nomowibto COPI-npom3BoaHbIX NEpPEHOCYNKoB. [1eNCTBUTENLHO
COPI-npon3BoaHble BE3MKYMbl MPUCYTCTBYIOT B HEMOCPELCTBEH-
HOW 6/IM30CTW OT naTepasnbHOro kpasi CTOMkW, a GroKMpoBaHue
(OYHKUWA psifa MOMEKyN, BXOASALWMX B COCTAB MOKPbITUS, CHUXA-
€T unn BnokupyeT TpaHCNOpT XMNOMUKPOHOB [3, 13, 8]. OaHako
[0CTaTo4HO 6OMbLUKME PasMePhI XMIOMUKPOHOB, MO CPABHEHNIO C
avameTpom COPI-Npou3BOaHON BE3UKYMbl, HE AaKT OCHOBaHMS
npegnonaratb UX HEMOCPEACTBEHHOE y4acTue B TpaHCNopTe nun-
NUOOB Yepe3 CTOMKY B KaYeCTBE TPAHCMOPTHBLIX MEPEHOCHUKOB.
He obHapy*unocb 0cMMOUIBHOE COLEPKMMOE HU B OGHOM W3
COPI-npochuneit B 30He komnnekca Fonbmxu [4, 6, 38].
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Hanbonee coctosTensHoi aBnsetca «kiss-end-run» mMogens,
OCHOBaHHasi Ha MeXaHW3Me HEMONHOMo CAMsHWUS MembpaH [28,
29]. AprymMeHTOM B NOMb3Y 3TOW MOLENMN SBASETCS Takke hopMu-
POBaHME BPEMEHHbIX TyOYNSPHbIX COEANHEHUI MEXIY LnCTepHa-
MK komnnekca Monbmku [28].

MMpoitas Yepes CTOMKy ¢ NOMOLYbK NOCT-MoNbaXM TpaHcnop-
TEPOB, XMMOMUKPOHbI AOCTUraT BasonatepanbHON YacTu nnas-
MOMeMMbI, MONaAaloT B MPOCTPAHCTBO CHOXHbIX ManbLEBNAHbIX
KOHTaKTOB, 3aTEM B MHTEPCTULMIA MEXAY 3HTEPOLUTOM W Basarnb-
HOW MeMOpaHOM W, HaKOHeL, B COOCTBEHHYIO MNACTUHKY KuULLeY-
HOI1 BOPCUHKM [2, 3, 7, 32].

[onroe Bpems 0cTaBanoch He SICHbIM, KaK XUITOMUKPOHbI KOH-
LeHTpupyroTCcs BONM3N 6asanbHoi MembpaHbl SNUTENNS N MPOXo-
OAT Yepes Hee. bbinu onucaHbl MakynsipHbIe COEAMHEHUS MeXIy
3HTEpoLMTaMU, COAEpXaLLne akTWH, anbda-akTUHUH U BUHKYIIUH,
HO He UMeKLLMe TUNNYHOMO ANs 4eCMOCOM AecMonnakuHa [21].
OTU coefyHeHUs, Ha3BaHHbIE aBTOPaMN «TOYEYHbIMU AECMOCO-
MOMoZOBHbIMWY, ObINK CBS3aHbI C MAKPOUIAMEHTAMU 3HTEPO-
LMTOB, OHAKO MX (hyHKLMOHamNbHas ponb He 06Cyxaanace.

Kpome TOro, aBTOpbl yTBEPXZAnM O CyLLECTBOBAHUM 3TUX
CTPYKTYP B 30HE CMOXHbIX NanbLeBUaHbIX KOHTakTOB. Okasanocs,
YTO TOYEYHble JECMOCOMONOA0OHbIe CTPYKTYPbl MPEACTaBASOT
coboi MakynsipHble afresvBHble COeAuHeHWs [42], umetowpe
TeHOeHLMo 06pa30BbIBaTh AOBOMLHO peakue knactepsl [35].

ViccnenoBaHus mokasanu, YTO B 30HE CNOXHbIX NManbLeBna-
HbIX COEAVHEHWI He BCTPEYATCH 4eCMOCOMONOA0OHbIe CTPYyK-
Typbl. MocneaHne pacnonoxXeHbl MEXAY KOHTakTaMu, orpaHnyu-
Bas ux [3, 38, 39].

Bronb 6asonatepanbHOn YacTu NnasmoneMmbl 0GHapyXeHbl
MYYKN aKTUHOBBLIX (PUMAMEHTOB, KOTOpble BXOASAT B €AMHYH aK-
TUH-MVUO3NHOBYI «MaHXeTKy» aHTepouuTa. Mpupoga dunamen-
TOB He Obina gokasaHa HU OBHUM W3 METOLOB hryopecLeHLun
U M3MEPEHNEM JMamMeTpa, T.K. YPE3BbIYANHO CIIOKHO OTNNYUTL
aKTUHOBbIE OT NMPOMEXYTOUHbIX PUNAaMEHTOB, Aaxe ToMorpagu-
YeckUM aHanu3oM. TeM He MeHee KOCBEHHble [oKasaTenbCcTBa
MO3BONSKOT C BbICOKOW CTEMEHbI0 BEPOSTHOCTM YTBEPKAATb aKTu-
HOBYI0 Npupoay unameHTos [26].

Mo-BMAMMOMY, COKpaLLEHWe «MaHXeTKu» 3acTaBNsieT XWuIo-
MWKPOHbI ABUraThCS B HanpaBneHun 6asanbHoin MembpaHsl, Tor-
[a kak 4eCMOCOMbI NMPeA0TBPaLLaloT NepeHanonHeHne N paspbiB
NanbLEBMAHOTO KOHTaKTa W LENOCTHOCTb MOHOCION 3HTEpPOLM-
TOB CIIU3UCTON KULLKM.

Mopbl B 6asanbHo membpaHe [25] nokanu3oBaHbl BOMN3N
LETOPUTHBIX KNETOK, W, BEPOSITHEE BCErO, UCMOMNb3YTCS ANs A0-
CTaBK/ XMMOMMKPOHOB B MHTEPCTULWA.

lMpoaHanu3anpoBaHbl AaHHbIE NCCMEROBAHWIA, B KOTOPbIX MC-
nonb30BanMcs Mogeni 6onbLLION NUNMAHON Harpy3ku. Psa aBTo-
pOB OBHapYXWUMK B YCMOBUSIX «MEeperpysku» nunupamu: nosiene-
HWe NUNIUAHBIX Kanenb B anukanbHO 30He LMTONMNa3Mbl 3HTEPO-
unta (B6MM3N anukanbHOM YacTw MIa3MONeMMbl), YBENNYEHWe
pasmepa XUIOMWUKPOHOB M MHMMBUPOBaHWE UX JOCTaBKN XWUIOMM-
KPOHOB B UHTepcTULni [14, 27]. JiunuaHble kannm Habrnoganuco
B 9HTEPOLMTAX XOMSIKOB B PaCLUMPEHHbIX LMUCTEPHAX LIEPOXOBa-
TOr0 3HAONNA3MaTUYECKOro PETUKYyMa Nnocne KOPMIEHNS nnnu-

pamu [19]. OTMeyaeTcs pacluMperune LMCTepH komnnekca [onb-
[KKM, 3aMOJTHEHHBIX MHOTOYMUCIIEHHBIMU JINMMAHBIMK YacTuLaMK,
11 HAaKoNMeHUe 0CMUOMUIBHBIX YacTuL B uuTonnasme basansHoil
yacTu SHTEepOLMTOB kapna nocne BBEAEHWS mMacna apaxuca B
MPOCBET KuieyHuka [33].

Pe3ynbTaTbl XOPOLLO COrMacytoTcsl C OnNUCaHHbIMK B iUTepaTy-
pe uccrnepoBaHuaMU. [leicTBuTenbHO, BbINo NokasaHo, YTo nocrne
KOPMIEHNS! KPbIC NMNgamMu NOSIBNSNNCH IMMWAHBIE Kanmu B anu-
KarbHOW YacTW KNETKM, a Takoke YBENMYMBasncs pasmep, HO He Ko-
NMYECTBO XMINOMUKPOHOB [2, 7, 12]. Meperpyaka komnnekca Ionba-
XU MOXET M3MEHUTb NPaBMIbHOCTb FMKO3UIMpoBaHus b6enka [41].
Korga kneTkn Caco-2 oT nauweHTa ¢ nepeoil rpynnoi KpoBu Obinu
neperpyeHbl MMNgamMu, HEKOTOPbIE XUTOMUKPOHBI 0BHapYX1Banm
MapK1POBKY Ha aHTUreH-A (Halum HeonybnmkoBaHHbIe HabnoaeHus).

AHanus uccnegoBaHuin U NUTepaTypHbIX LaHHbIX NOATBEp-
XOQET CrenyloLwylo runoTesy TpaHcLuTo3a NUNUAOoB Yepes oH-
TEPOLMT KMLLEYHOM BOPCUMHKM B YCMOBUSX HU3KOW MWMUOHON
Harpy3ku. Ha nepBoM 3Tane XOMECTEpUH W KUPHbIE KUCMOTI,
OKPY)XEHHbIE XEMYHbIMI KUCoTamu, 0bpasytoT MULENbl, KOTO-
pble CMOCOBHBLI MPOHMKATbL Yepe3 rnukokanuke. Mocne npukpe-
NAEHNS MULLENN K BHELIHEMY NIUCTOUKY NNa3MOneMMbl 3HTEPOLIU-
Ta MUKPOBOPCUHKW NMunuAbl ANGYHANPYOT (MK NepeHocsTCs
BerkoM-NepeHoCYMKOM) Ha HapyXHbIA MUCTOK MIa3MONEMMbI
SHTepouuTa. [lanee nunuasl nepemeLLalnTcs natepanbHon and-
(yaueit Ha 6asonatepanbHylo YacTb NNasMonemMmbl U 4OCTUra-
tOT MIOTHOMO CoeanHeHus. MNoTHOe COeaMHEHWe NPensTCTBYeT
panbHenwen anddysun nunugoB no 6asonartepanbHoil YacTu
NMasMoNeMMbl 1 OHW NEPEMELLAKTCH Ha LMTO30MbHbIA MUCTOK
nnasmartuyeckoin Membpatbl. OTcloga nunuabl ¢ nomoLLbo 6en-
ka-nepeHocyMka nonapalT Ha MembpaHy LiepoxoBaToro SHAO-
nnasmaTu4eckoro peTukynyma. Tam OHW 3aXBaThIBAOTCS OENKOM
ApoB 1 dopMUpYIOT Npe-XMIOMUKPOHbI, KOTOPbIE TPAHCMIOPTUPY-
toTcs B komnnekc Fonbmku. Mbl npegnonaraem, YTo npu BbICOKON
NWUNUZHON Harpy3ske, KOrA4a KOMMYECTBO NMNUAOB CRNLLIKOM BEMM-
KO, NMNAbI BbIXOASAT U HAKaNnMBaKTCA B LIMTO30ME.

Ha cnepytoLiem atane npe-xmrnoMUKpOHbl AOIMKHBI MONAcTb B
komnnekc Monbmku. Ho oHu crivwkom Gonblune ans cTaHgapTHON
COPIl-3aBncumoit Be3vKyIbl, OCYLIECTBISIOLLEN TpaHcnopT Gen-
KOB Mexay SHAONNa3MaTUYecKuM PeTUKYNyMOM U KOMMIEKCOM
Fonbmkn [28]. MoaTtomy, 4TOOLI paspelwnTb 3TO NMPOTMBOPEYME,
Oblna BbIABWHYTA TMNOTE3a O TOM, YTO KPYMHbIE rpy3bl TPAHCMOPTL-
PYIOTCA «MeraBesvkynamu», KoTopble 06pa3oBaHbl HEOObIYHBIMM
kombuHaLmsamn n3ogopm cybwveauHuy, COPII-nokpbiTus. OpHako
aTa runoTesa He UMeeET (Mo KpaiHen Mepe, Y B3pOCMbIX OpraHm3-
MOB) JOCTaTOMHOr0 NOATBEPXAeHUs [28]. MexaHu3mbl TpaHcnopTa
XMIOMWKPOHOB Yepe3 KOMMEKC oMnbKu eLLe NPEeACTOUT U3Y4MTb.
OpHako yke ceivac ICHO, YTO «BE3WKYMNApHas» 1 MOLEmb «Co3pe-
BaHUS W MPOrPECCUN LIMCTEPH» HE COCTOSATENbHbI. /3 komnnekca
FonbDknN NUNWAbLI NOMAaAAT B 30HY NanbLEeBUAHOMO KOHTAKTa, U3
KOTOPOW «BbIAABNMBAKOTCS» Briaroaaps CroXHO OpraHM3oBaHHOMY
KOMMIIEKCY SMEMEHTOB LITOCKENETa SHTEPOLUTA 1 MEXKIETOUHbIX
KOHTaKTOB, PabOTaOLLMX KaK «HACOCHBI MEXAHU3MY.

Takum 06pa3om, HeCMOTps Ha obLLee NpeacTaBneHne O TOM,
4TO NMPOLIECC TPAHCNOPTa NUNUAOB B LIENOM M3BECTEH, OKa3aroch,
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REVIEWS

4TO Lienblit psif, BONPOCOB TpebyeT aeTanusauum u Mmopdonoruye-
CKOro 060CHOBaHWS, @ MOMyYeHHbIE SKCMEPUMEHTarbHbIE AaHHbIE
4acTo NpOTUBOPEUMBLI. TpebYHT AanbHEMEro N3yyeHus BOnpo-
Cbl TPAHCMOPTa XUIOMUKPOHOB Yepes Komnneke [onbmku n ux ao-
CTaBKW B COBCTBEHHYHO NNACTUHKY KULLIEYHOW BOPCUHKK. OcTatoTes
CMOPHBLIMM MexaHU3Mbl TpaHCMopTa NUNMAOB B NMMQaTUHECKMiA
Kanunnsap v psag apyrux. Mexay Tem noHnMaHue KeTouHbIX U Mo-
NEKYNApHbIX MEXaHW3MOB TpaHCNopTa NINMNMAOB B TOHKOW KiLLKe
Mo3BONUT NO-HOBOMY MOCMOTPETb Ha NaToreHes LEnoro psga 3a-
BonesaHuit, BKMOYas OXMPEHWE, aTEPOCKIEPO3 U ApYrie.
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Pe3stome: MenTuabl-aHTUOMOTUKM SBNSKOTCA OCHOBHOM NUHUEN 3aLLMTbI CUCTEMbI BPOXKAEHHOrO MMMYHUTETA YenoBeka
11 NOTEHLMANbHO aKTUBHbI MPOTUB LIMPOKOTO CMEKTPA NATOreHHbIX MUKPOOPraHN3MOB, BKITOYAs rpaMnoNOXUTENbHbIE
1 rpamoTpuLaTtenbHble 6akTepun, MUKOOGAKTEPUI, CMMPOXETI, TPMBLI, BUPYCHI U NpocTeiumx. O630p ocBELLaET Me-
XaHU3Mbl B3aMOLEACTBUS NENTUAOB-aHTUOMOTUKOB C KNETOYHLIMU MEMOPaHaMU U BHYTPUKIIETOUHBIMU MULLEHSMM
MUKpOOpraHnamoB. KpaTko paccMOTpeHbl Cnocobbl B3anMOAENCTBUS 3TUX BELLECTB C BUPYCaMM 1 TOKCUHAMU, a
TaK)Xe MeXaH13Mbl PE3UCTEHTHOCTI MUKPOOPraHN3MOB K NenTuaam-aHTuounoTukam.
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Summary: Antibiotic peptides are the main line of defense of the human innate immunity system and are potentially active
against a wide range of pathogenic microorganisms, including gram-positive and gram-negative bacteria, mycobacteria,
spirochetes, fungi, viruses and protozoa. The review highlights the mechanisms of interaction of antibiotic peptides with
cell membranes and intracellular targets of microorganisms. Briefly discussed are the methods of interaction of these
substances with viruses and toxins, as well as the mechanisms of resistance of microorganisms to antibiotic peptides.
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BBE[JEHUE

YCTOMYMBOCTL K aHTUBMOTMKAM MPOAOIKAET pa3BMBATLCS
W ycunuBaTtbCsl B OTCYTCTBME HOBbIX 3(D(DEKTUBHBIX NEKapcT.,
rnobanbHbIA KpU3NUC 3apaBooxpaHeHns Heocropum [24, 30]
BcemupHas opraHusauuns sgpasooxpaHerus (BO3) onpegenuna
YCTOMYMBOCTb K MPOTUBOMMKPOOHBIM npenapaTtam kak OfHy u3
TPex OCHOBHbIX Yrpo3 340poBbio Yenoseka [11]. M3yyeHue aHTu-
MUKpOOHbIX nenTuaoB (antimicrobial peptides, AMPs) oTkpbiBaeT
BO3MOXHOCTb anbTEPHATUBHOTO NMOAX0AA K NIEYEHMI0, 0COOEHHO B
Cnyyasx BbIPaXXEHHOM PE3UCTEHTHOCTM MUKPOOPraHM3MOB K Tpa-
ONUMOHHBIM aHTUBMOTUKaM.

Btopoe Ha3saHue AMPs — nentuabl 3awwutbl xo3auHa (host-
defense peptides, HDPs) [7]. AMPs sIBnsit0TCSt OCHOBHOWN NIMHUEN

3alKTbl CUCTEMbI BPOXOEHHOTO UMMYHWTETA MHOMMX MO3BOHOY-
HbIX, B TOM 4YMCre YenoBeka, 1 0BbIYHO aKTUBHbBI MPOTUB LUMPO-
KOro cnekTpa naToreHHbIX MUKPOOPraHU3MOB, BKMOYast rpammno-
NOXUTENbHBIE 1 rpaMoTpuLaTentHble BakTepumn, MukobakTepum,
CNMPOXeTI, rpubbI, BUpYChI 1 npocTenumnx. AMPS cekpeTupyroTes
HeNTpohUnNamm v aNUTENNOLMTaMMN XO3MHA U HEMOCPELACTBEHHO
HeNTpanuaylT BToprawwuecs natoreHbl [5, 24]. AMPs, cuHTe-
3upyemble knetkamu MaHeTta, y4acTBYKOT B KOHTPOME KULIEYHOM
MukpobuoTsl [10].

BakTepun yxe BblpaboTanu 1 nNpogomkarT BbipabaTbiBaTh
pesncTeHTHOCTb k AMPs. OTn nenTuabl U MeXaHW3Mbl yYCTONYM-
BOCTU K HUM, BO3MOXHO, COBMECTHO pa3BMBANUChb, NOLAEPKM-
Basl TOHKWA BanaHc MeXay X03sMHOM 1 natoreHoM. MoHumaHue
MOINEKYNAPHON OCHOBbI MeXaHU3MOB Pe3nCTEHTHOCTM K AMPs
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MOXET NPUBECTY K CO3aaHMI0 Bonee ycTONYMBLIX aHTUBMOTHKOB.
OpHako 04eHb Mano M3BECTHO 06 N3MEHEHWSIX MUKPOOHOI MeM-
GpaHbl, npoTnBoaencTBytoLen aeicteuo AMPs [24].

AHTMOMOTUKM Ha ocHoBe AMPS [0 CuX NOp He CTamm YacTbio
MEMLMHCKON NPakTUKW. MOHMMaHWe CROXHbIX MEXaHWU3MOB el
ctBus AMPs — rnaBHas npegnocbinka Ans uaeHTtudukauum u/
“nn paspaboTkn HOBbIX aHTUMUKPOBHBIX CPEACTB C BbICOKOW 6u-
OMNOMMYEeCKON akTUBHOCTBID U HIU3KOM TOKCUYHOCTHIO [6, 38]. bna-
rofaps 13bupatenbHOCT CBOEro JeNCTBUS Ha MEMBPaHy KneTku
Mukpoopraiuama, AMPs ybuBatoT ero B KOHLEHTpaLmsX, He Bbl-
3bIBaAIOLLMX TOKCUYHOCTY AJ151 KNETOK MakpoopraHuama [6].

Llenb gaHHoro o63opa — paccMoTpeTb MeXaHu3mMbl B3arnmMo-
[ENCTBUS NENTUAHbIX aHTUONOTUKOB 1 MUKPOOPraHN3MOB.

OBLLAA XAPAKTEPUCTUKA MOJNIEKYNT AHTUMUKPOBHbIX
NENTWOOB

AMPs obHapyxeHbl bonee cemu AeCATUNETUA Hasag u
B HacToslee BpeMs Takux nentuaos u3secTHo 6onee 2600.
B npupoze ux npoayuupytoT npeacTaBUTENNU BCeX CTaaui
pa3BUTMS XMBOrO Mupa: bakTepun, Hacekomble, amubuu,
pacteHus n mnekonutatowme. AMPs pasnuyatotcs no konuye-
CTBY 1 COCTaBy aMWHOKMCIOT, pacnpeaeneHnio AneKTPOHHO
MNOTHOCTK, PACTBOPUMOCTU W APYTUM  (DU3UKO-XMMUYECKUM
CBOWCTBaM, a Takxe, pasymeeTcs, N0 MexaHW3My LeicTBUS
[11, 39]. B KkoHKypeHTHOW bBopbbe 3a nuweBble BelecTBa C
apxesamun, Apyrumu Baktepusmu, rpubamu 1 mpOCTEMLLMMM
Gaktepum cunTesnpytor AMPs kak pubocomanbHbIM, Tak M
HepubocomarnbHbiM nyTem [1]. JykapuoTbl COXpaHUAN NULLb
pubocomanbHblit cnocob cuHTe3a Takux nentupos [21], HO
NOCTTPaHCAALNOHHbIE N3MEHEHMS MOTYT NPUBOAMUTH K 3aMeHe
4yacT amuHokucoT B Monekyne AMP Ha HenpoTeWMHOreHHble
(uncommon amino acids).

AMPs — KaTWOHHble MOMekynbl, UX YCPEAHEHHbIA 3apsj
(average netcharge) paseH +3,2. OBHOBPEMEHHO OHW copepxat
npumepHo 10 40 % rmapodoBHbIX aMUHOKUCAOT. DTN MONEKYbI
ngeanbHO NOAXOAAT ANSA Pacno3HaBaHUs U HeWTpann3auum Mu-
kpobOB C OTpULATENBHO 3apskeHHON NoBepxHOCTbio [39]. Bonee
TOro, Monekynbl AMPS 4acto n amudunbHbl [25].

CpegnHee KOnn4ecTBO aMUHOKMCIIOTHBIX OCTAaTKOB B M3BECTHbIX
AMPs pasHo 32 [39]. B cmbIcrie NpaKTM4eckoro MCMofib3oBaHms
npenMyLLEeCTBO UMeloT Hambonee kopoTkue 13 Yucna AMPs [13].

Kak n Bce nentuabl, AMPS uMelT KOpOTKMIA nonynepuog
XM3HM [25]. B KPOBM W UHTEPCTULMANBHON XKUAKOCTA MOMEKYNbI
AMPSs MoryT UuMpKynupoBaTb B pa3HoobpasHbix KOHGopMaLmsx
I NNWb nepep KOHTAKTOM ¢ 060M04Kol BakTepuin cnocobHbI Npu-
HAMaTb POpMbI a-Crmpanu unu B-cknagyaton CTpykTypbl [28].
AMPs HakannuBatoTCsl B 04are BOCManeHusl, OHU n3bupatensHo
LENCTBYKOT Ha MUKPOOPraHU3Mbl 1 MUHUMANbHO — Ha KNeTKu
MakpoopraHusma. BaxHenwee npeumyLiectso AMPs nepen Tpa-
BVLMOHHBIMU aHTUBMOTUKaMU COCTONT B MeHbLUei cnocobHOCTY
CTUMYNNPOBATb Pa3BUTUE PE3NCTEHTHOCTM [21, 38].

MemBpaHbl MUKPOOPraH3MOB, @ B HUX — NUMUAbI, SBASKOTCS
nepenoBon nuHuen sawutbl oT AMPs 1, B 0TBeT Ha aencTeue

AMPSs nunugbl MembpaH NogBepraoTcs 3HaYUTENLHOMY peMoge-
nupoBanuio. Jiunugsl 06onoYek rpaMmoTpuLaTENbHBIX M rpamno-
NOXUTESNbBHBIX KIETOK MMEKOT MHOMO pasnuyun [24].

CsoitictBa Monekyn AMPs ocHOBaTenbHO MpocrnexeHbl Ha
nentuaax u3 koxu 6ecxsoctbix amuduin. 3t AMPs cnocobHbl
MPOHMKaTb CKBO3b Mna3MaTuyeckylo MembpaHy, paspywaTtb ee
W MHAKTWBMPOBATb BHYTPUKIETOYHbIE MMLLEHW B YCTOMYMBBIX
K 0BbIYHBIM aHTMOMOTMKaM GakTepusix, MPOCTEMLLNX, APOXOKaX
n rpubax. B monekynax AMPs 6ornee nonoBuHbI aMWHOKMCNOT-
HbIX OCTaTKOB 00pasyloT ruapodobHy YacTb. BOnMbLINHCTBO
AMPS — kaTWOHHble MOnekynbl (BCNEACTBUE MPUCYTCTBUS B HUX
MHOTOYMCEHHBIX OCTATKOB IU3NHa, Lys), M ¢ ux kKaTMOHHOM npu-
POJOi TECHO CBSiI3aHa aHTMOaKTepuanbHas akTMBHOCTb. KoHcep-
BaTMBHbIX CTPYKTYPHbLIX MOTUBOB-(hapMakohOpOB B TakuX NenTu-
[ax He BbisiBNEHO [35].

FPAMMNONOXWUTENBHBIE BAKTEPUU UK
r’MAPO®OBHbIE AHTUBUOTUKN

KnetouHas membpaHa rpamnonoxuTenbHbix OakTepuin He
COCTaBMNSET 3HAYMTENBLHOTO MpensaTcTeus Ans 6onblKMHCTBA
NPOTMBOMMKPOOHBIX mpenapaTtoB [23]. Ctadunokokkm 1 cTpen-
TOKOKKM UMEIOT BHELLHMI MO OTHOLLEHMIO K LIMTONIa3MaTU4ECKON
MembpaHe Crnon NenTULOMMMKaHOB. 3T KOMMNOHEHTbI HE CO3LatoT
3HaumMTENbHbIX NpensTcTBUi Anst AMPS, koTopble MetoT Gecnpe-
NATCTBEHHbIN JOCTYN K CBOMM MuLueHsM. OHM [e30praHmsytoT
GakTepuanbHyo CTEHKY [26].

/13HayanbHO BbICOKas NPOHULAEMOCTb MOXET NOCTENEHHO
CHMXAaTbCS 3a CYET YTONLLEHMUS KNEeTOYHOWM CTEHKW, YTO 0bec-
neuymsaet «aPUHHOE yraBrMBaHWE» HEKOTOPbIX HenenTua-
HbIX @HTUOMOTMKOB. OTOT MEXAHW3M PE3UCTEHTHOCTU HEKUM
06pa3om CBA3aH C M3MeHeHneM cogepxanus adpupa D-ananu-
na (D-alanyl ester) B cTeHke n MembpaHHbIX TEXOEBbIX KMC-
notax [23].

HekoTopble rpamMnonoxutencHble GakTepun  (Hampumep,
Paenibacillus polymyxa) ans 60pb0bbl ¢ ApyrMMM rpamnonoxu-
TenbHbIMU  6aKTEPUAMU-KOHKYPEHTaMU  CUHTE3NPYIOT Hepubo-
COMarbHbIM NyTeM MONMMUKCUHBI (polymyxins) — Luknnyeckne
JeKkanentuabl, cocTosiwue no OonbLUeR YacTu M3 HenpoTenHo-
FEHHbIX aMWHOKMCAOT. bakTepuumgHas akTWBHOCTb MOMMMMK-
CMHOB B OTHOLUEHMM rpamoTpuLaTenbHbiX BakTepuin 3aBuCuT OT
3NEeKTPOCTATUYECKOrO B3aMMOAENCTBIAS MEXAY NONOXUTENbHO
3apSKEHHBIMU NONMMMUKCUHAMU U OTPULATENBHO 3apSKEHHBLIMM
nunugom A nmunononucaxapuga (LPS). TMockonbky rpamnono-
XuTenbHble BakTepun He umetoT LPS-copepkallenn HapyxHom
MeM6bpaHbl, MOMMMUKCUHBI MEHEE AKTMBHbI B OTHOLLEHWW TaKuXx
Baktepuin. OgHako 060noYka rpamMnonoXuTENbHbLIX HakTepui
COAEPKNT OTPULLATENBHO 3aPSIKEHHbIE TEMXOEBbLIE KUCMOTbI, KO-
TOPbIE MOTYT BbICTYNaTb B KAYECTBE MULLEH MOMMUKCUHOB. o-
NIMMUKCUHBI YOMBAIOT rpamMnonoxmTenbHble Baktepun, paspyLias
WX KNeTouHylo MembpaHy [42].

Hwke Mmbl Byoem paccmaTpuBaTth B3aMMOLEWNCTBUE TOMbKO
mapodunbHeix AMPS 1 TonbKo ¢ rpamompuyamernbHbiMu Bak-
TEPUAMM.
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MULIEHb AMPS — KNETOYHAA MEMBPAHA

CenektueHocTb aenctaus AMPs Ha GakTepum obycnosneHa
He Hanuunem cneynduyeckux peLenTopos Ha membpare, a nu-
NUOHBIM COCTaBOM MeMOBpaH 1 cneLnduyYeckuMn U3NKO-XUmMu-
yeckumm ceoiictBamn AMPS, 0COBEHHO WX KaTUOHHBIM UNU am-
unaTyeckum xapaktepom [6].

baktepuanbHas MembpaHa XapakTepusyeTcs  BbICOKMM
OTpULATENbHBIM  CPEJHWM  MOBEPXHOCTHbIM  3apsigom  (net
surface charge). MpuumHa coctouT B npeobnagaHun B ee Co-
CTaBe aHWOHHbIX NUMNUAOB, TakMX kak hocdaTnaunranyepons
(phosphatidylglycerols) u kapamonunun (cardiolipin). KaTnoHHbIe
AMPs npuTSIrMBatoTCS K aHNOHHOM GakTepuanbHOM NOBEPXHOCTH
[39].

KoHchopmaLMoHHble nepexodbl W paBHOBECUsS CamocOOopKu
MOZYynMpYT 3deKTUBHYIO MapodobHOCTL NeENTUaa; aNeKTpo-
CTaTUYEeCKNA 1 rnapocdhoOHbIA BKNaabl B ABMXKYLLYIO CUITy CBSA3bI-
BaHWs ¢ MeMOpaHOi HeaAANTUBHbI; KUHETNYECKIE MPOLECCHI MO-
FYT UrpaTh BaxXHY0 POfb B CENEKTUBHOM YHUUTOXEHUM BakTepuit
B NPUCYTCTBUM KNETOK OpraHn3ma-xo3suHa [6].

CBsi3biBaHWE KaTMOHHOMO MenTuAa C aHWOHHOW MOBEPXHO-
CTblo GaKkTepuanbHoil MembpaHbl MOXET MPUBECTM K KmacTepu-
3auuM NUNMBoB MemBpaHbl 1 CHU3UTb XM3HECNOCOOHOCTL Bak-
Tepun. 3apsg, pasmep M KOH(opMaLMoHHas rmbkocTb nenTuaa
OypyT onpenenstb 3pGeKTUBHOCTL KnacTepusauynm nunugos.
MonekynsipHbIii MexaHW3M, MOCPEACTBOM KOTOPOro nunuaHas
KnacTepusauus BRWSIET Ha KM3HECMOCOBHOCTb OakTepui, BO
MHOIMX Cry4asx HesceH [17].

lMocne cBsA3bIBAHUA C OTPULATENBHO 3apsXeHHON bakTepu-
anbHo membpaHoii AMPS MoryT BHeapsiTbCsl B Hee. [nsi 06b-
SCHEHUs LuTonuTudeckoin aktueHoctM AMPS npeanoxeHbl Asa
NPUHUMNManbHbIX MexaHuama: (a) AMP npoHukaeT CkBO3b MeM-
OpaHy, hopmupys kaHanbl WK nopbl B Buae GovapHON Knemnku
(barrel stave) unu ToponpansHoi nopel (toroidal pore); (6) AMP
HaKann“BaeTCs Ha NOBEPXHOCTY MeMOpaHbI, MOBPEXAAET ee, HO
BHYTPb HE NPOXOAUT — KOBpoBasi Mogens (carpet model). Kospo-
Bas Moferb npegnonaraet, YTo kaTuoHHbI AMP opueHTupyeTcs
napannenbHo NMOCKOCTU ABYXCMOMHbIX MembpaH 1, NoKpbIBas
ee NOBEepXHOCTb, NpefoTBpaLlaeT pasmHoxeHne baktepum [39].
B obowux cnyyasx (a u 6) rmbenb kneTok NpoMcxoauT M3-3a no-
TEpU 3NEKTPOXMMWNYECKOTO FpagMeHTa 1 NOCHeaytLwero nmanca
kneTok [24].

VHoyumpoBaHHoe nenTuaom obpasoBaHue NUNUAHOMO AoMe-
Ha B MeMbpaHe MOXeT BnusATb Ha (DYHKLMM MEMOpPaHHO-CBS3aH-
HbIX DEenkoB, Takux Kak MOTEHLMan-3aBUCMMblEe KanneBble kaHa-
nbl. OTO HapywaeT HopmarnbHoe (DYHKLMOHWPOBaHNE MeMBpaH,
BEAET K NMOAABMEHMI0 POCTa MUKPOBHBIX KNETOK unu ux rnbenn
[39]. Komnnekcbl, obpasoBaHHble AMPs u nunugamm membpa-
Hbl, (DOPMUPYIOT WOHHBIE KaHanbl, B KOTOPbIX Monekynsl AMPs
UrpatT porb BHyTPEHHeN BbicTunku [21]. Obpasytowimecs nopbl
CMnoCcoBCTBYHOT ABVKEHNK0 NOHOB CKBO3b MEMOpaHy, NoTepe Mem-
BpaHHOro noteHumana v k cmeptn Baktepum [21, 39].

lMocrne NPOXOXAEHUS HapYyXHOW CTEHKM rpamoTpuuaTenb-
Hoi OakTepun AMP MOXeT OOCTWYb €€ LMUTONNIa3MaTUYeckoi

MeMbpaHbl. OPEEKTUBHOCTL TAKOTO NPOHWUKHOBEHUS 3aBUCUT OT
CBOWCTB: (@) MemBpaHbl (CTPYKTYpa W CIIOXHOCTb MMAPO(UIBHBIX
LPS) u (6) monekynbl AMP (pa3mep, cTpykTypa) [34]. B cBsi3biBa-
Hum AMPs ¢ bakTepuanbHbiM MembpaHamm, BoratbiMu ocda-
TUAUNTAMLEPONIAMU, BAXHYI0 POMb UrPAKT SNEKTPOCTATUYECKIE
B3anmopeincteus [21, 39]. Opyroi BaxHbIN hakTop — Hanuuune
rnbkmx BokoBbIx Leneit B monekyne AMP: nuauH (Lys) n apruHuH
(Arg), pacnonoxeHHble B KOHLEBbLIX 0bnactsx, MoryT obnapatb
Gonbluel NPOCTPAHCTBEHHON MOBWIBHOCTBI, YeM Te, KOTOpble
pacnonoXeHbl B LeHTpanbHom dparmente [39].

MmeeT 3HaueHWe CTPYKTYpa, AN1HA U CIOXHOCTb rMapotusb-
HOro nonucaxapuaa, HaxoasLerocsl B HapyXHOM Croe KneTou-
HOW CTEeHKN. OTW NapameTpbl BIUSKOT Ha CNOCOBHOCTL NENTUOB
AnddyHaNPoBaTb CKBO3b BHELLHWI Bapbep KNeTku M LocTurath
ee uuTonnasamatuyeckoit MembpaHsl [34]. Bosgeiictaus AMPS Ha
MeMbpaHy MOoXeT BbITb 4OCTaTOYHO, 4TOObI BbI3BATH rMbens bak-
Tepun [39].

Cywectsytot nentugsl (cell-penetrating peptides, CPPs) [20],
NPOHMKAIOLLME BHYTPb 3YKapUOTUYECKMX KNETOK, He OKa3blBasi Cy-
LLECTBEHHOIO BMMSHMS Ha nnaamaTtudeckyto Membpany [30]. CPPs
B OCHOBHOM (DYHKLMOHMPYKOT B KayeCTBE MEPEHOCHMKOB, Aaxe
€CMN MOTYT NPOSIBNSATb U aHTUMMKPOBHYI0 akTuBHOCTL [4]. O6ey-
paetcs Bonpoc 06 ucnonb3osaHun CPPs B kayecTBe nnatdopm
ANs BOCTaBKM NeKapCTBEHHbIX BELLECTB BHYTPb kneTok [30].

CBSA3bIBAHUE C KNETOYHOW MEMBPAHOW: PONU
PA3NIMYHbIX YACTEWA MOMNEKYNbI NENTUOA

Bo B3anmopencteum AMP ¢ kneTo4Hon membpaHoii HekoTo-
Pble aMUHOKWCIOTHbIE OCTaTKM MrpalT 0cobylo pomb: OHW He-
MocpeaCTBEHHO B3aMMOZENCTBYIOT ¢ chocaTnannrimueponamu
MembpaHbl. Hanpyumep, B NenTUOHOM aHTMBMOTUKE KaTennunau-
He (cathelicidin, LL-37) Takoit amuHokucnoTon ssnsetcs Arg23,
€CNKN OHa B CTPYKType Nnentuaa HaxoguTcs B MexdasHoi obna-
CTW, pasgenstoweit rmapodobHyo 1 ruapodunbHyo obnacty.
3amelleHe HaxoaALWerocs B TakKOM MO3MLMM apruHiHa, Hanpu-
Mep Ha anaHwH, pe3ko CHUXaeT aHTUbakTepuanbHyl akTMBHOCTb
nentuga [39].

M'mapochobHas yacTb Monekynsl AMP BaxHa Ans aHTUMu-
kpobHOA aKTMBHOCTWM nenTuaa. [mapodobHbI dheHrnanaHuH
(Phe) yyacTByeT B CBsi3blBaHUM C MeMOpaHON. HenpepbiBHOCTb
rMopocoBbHON MOBEPXHOCTM amuUNaTUYECKo CMpanu BaxHa
ANs rnybokoro NPOHUKHOBEHUS B MeMbpaHbl baktepuit. KaTnoH-
Hbl€ OCTaTK1 Ha rMAPOMUITLHON MOBEPXHOCTH BaXHbI B KNacTepu-
3auum nunugos. Hanpumep, aypewd 1.2 (aurein 1.2) umeet wu-
POKYH rMapodo6HY0 MOBEPXHOCTb, YTO no3sonseT atomy AMP
rnyboko npoHukaTh CkBO3b MembpaHy 1 ybueatb 6akteputo [39].

Muorue katuoHHble AMPS npeBpallaiotcs B amdunatuye-
CKME CTPYKTYpbl Nocne B3auMoZencTeus ¢ BakTepuanbHbIMi
MOBEPXHOCTAMM WM 3HAOTOKCMHAMM, TakWMW Kak nunononmca-
Xapugbl W nunoTeiixoesas kucnoTa. Hekotopble 6enku, MCXxomHo
MMMYHOHeMTparbHble, MPXU YaCTUYHOM UX NPOTeonu3e (nog gen-
cTBMeM BaKTepuanbHbIX NpoTeas) MOryT BbICTYNaTh B ponv npeg-
wecrBeHHnkoB AMPs [37].
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REVIEWS

Bera-amunong (amyloid beta, AB) — BaxHeMwmn daktop
natoreHesa 6onesHn AnbureiiMepa — obnagaet npoTMBOMM-
KPOOHOW aKTMBHOCTBIO B OTHOLUEHUM HEKOTOpbIX BakTepuii u,
CrefoBaTesNlbHO, MOXET aKTUBMPOBATLCS B OTBET Ha MOSIBNIEHME
Baktepuit n bakTepuanbHbIX TOKCMHOB B Mo3re. Viccneposatenu
yCMaTpWBaIOT YepThl CXOACTBA B MeXaHU3Max nopoobpasoBaHus,
BbI3biBaeMoro AR n HekoTopbiMi AMPS [2].

KntoyeBbiM MOMEHTOM B 0Opa3oBaHWM TpaHCMeMOpaHHbIX
nop ¥ YHU4TOXeHun 6aktepun HekotopbiMn AMPS sBnsieTcs npe-
O[IONEHNE BBICOKOTO 3HepreTuyeckoro 6apbepa BO Bpems nepe-
xoga monekyn AMPs 113 NONOXeHWs Ha MOBEPXHOCTM MemOpaHbl
B TpaHCcMeMOpaHHoe cocTtosiHmue [19].

Cwmbicn mMofenu BO3MYLLEeHUs MeMbpaHHOro noTeHuuana
(membrane perturbation potential model — MPP) cocTtouT B TOM,
4TO rMapocdoBHas NOBEPXHOCTL, OrpaHuyeHHas B Monekyne AMP
Mexa3sHbIMU OCHOBHBIMU OCTaTKaMW, BaXkHa AJ151 CBA3bIBAHNS C
MemOpaHoii 1 NPOHUKHOBEHMS CKBO3b Hee [39)].

DETEPFEHTHbIE CBOACTBA NENTUAHbIX
AHTUBUOTUKOB

AMPs moryT, nogo6Ho geTepreHTam, Bbi3biBaTb NIM3NC MEM-
GpaHbl unn obpasoBaHue nop, B 3aBUCUMOCTH OT CBOWCTB nen-
TUAa ¥ Npupodbl MembpaHsbl. V3orHyTtas cTpykTypa (Ol-cnvpars)
katenuuuamHa LL-37 moxeT 6biTb ngeanbHOW Ans MULENnoo-
OpasoBaHus GakTepuanbHbix MembpaH, onsiTb e, NofgobHo ae-
TepreHty [39].

KonoHusnpyst noBepxHOCTW, MUKpobbl 06pasyloT GuonneH-
kM — coobLLEecTBa MUKPOOPraHU3MOB, 3aKIiO4YEHHbIX B MaTpULLy
COOCTBEHHOMO MPOM3BOACTBA, KOTOpAs COLEPXMT Monncaxapu-
abl, OHK n 6enkn. AMPS npumeHumbl Ans koHTpons obpa3soBa-
HWSL 1 YHUYTOXEHWS 3penibix 6ronneHok. OCHOBHbIMU MeXaHus-
mamn AMPs aenstoTcs: gerpagauns MembpaHHoro noteHuuana
BCTPOEHHbIX B OWOMMNEHKY KMETOK, MpepblBaHWe CUrHambHbIX
cuctem OakTepuanbHbIX KNETOK; Aerpajauus nonmcaxapugHoi
1 GMONMEHOYHON MaTPULbl; MOGABMEHNE TEHOB, OTBETCTBEHHbIX
3a obpasoBaHue BUONNEHKN 1 TPAHCMOPTUPOBKY CBSA3bIBALLNX
Genkos [41].

NOPUHbI

Bnarogaps ceoeil BHelHe MemBpaHe rpamoTpuLaTenbHble
BaKkTepum — eUHCTBEHHbIE MUKPOOLI, KOTOPbIE MOTYT NPOTUBO-
CTOSATb aHTUBMOTMKaM. BONbLUMHCTBO aHTUOMOTWKOB HaLeneHo
Ha BHYTPUKNETOYHbIE MULLEHMU.

BHewHss ruapodobHas membpaHa 6akTepuin ocTaBnseT rv-
ApodunbHbIM Monekynam AMPS TOMbKO 04WH NyTb — MO BOAHbLIM
nopuHoBbIM NyTsaM (porin pathways) [15, 26, 31]. MopwuHbl onuca-
Hbl Y P. aeruginosa, A. baumannii, K. pneumonia v E. coli [40].

[MopWHOBbIE MyTU NPEACTaBASAT COBON 3an0NHEHHbIE BOLO
membpaHHo-6enkoBble BopoTa (gates) [12, 15, 23, 40]. CpeaHuii
pvameTtp nop coctasnset ot 1.0 4o 1.2 Hm [31]. MpoHNKHOBEHME
AMPs 3aBucuT 0T 3apsaa, pasmepa 1 ruapoPUnbHOCTI MONEKY-
MNbl, @ TaKkKe OT Konmn4yecTsa nop. Ans HenenTUAHbIX aHTNONOTU-

KOB MakcumasnbHasi MONeKynsipHas Macca Ansi NPOHUKHOBEHUS! B
nopuHoBble nyTn oueHusaetca B 800 [da [26]. MaccuBHas and-
ty3us aHTBMOTHKa B KaHan BrioKMpyeT MOHHbIE TOKW, MPOXOAMB-
wwe no Hemy [40].

MmapodunbHble aHTUOMOTUKA He MOryT AuddyHAMpoBaTh
CKBO3b HapyHY'0 CTEHKY GakTepuu n NOTOMY MCMONb3yT Nopy-
HOBbIE KaHarbl. Hanuume nopuHoB B nunugHoM Gucnoe membpa-
Hbl MUKODaKTepuii NOATBEPKAAET MHEHWE, COrMacHO KOTOpOMY
CTeHka 9TUX DBakTepuil UMeeT BHELLHIOK MemBpaHy, aHamnorud-
HYI0 rpamoTpuLaTenbHbiM Baktepusam [23].

lMoHWMaHWe TOro, Kak aHTMOMOTMKN NPOXOAsAT Yepe3 DakTe-
puanbHble NOPWHBI, HANPaBUT LU3ailH HOBbIX aHTUOMOTWKOB Ha
co3gaHne Monekyn, obnagatlmx Nyywein NPOHMKAKLWENA Cno-
cobHocTbio [12].

J0OIIOKC

MpoHMLaEMOCTb MeMBpaH — TOMbKO YacCTb paHHEN 3aliuThbl
Gaktepuir. Hapsagy ¢ uHgkcom (MPOHUKHOBEHWEM BELLECTB U3
BHEKIETOYHOrO NPOCTPAHCTBA BHYTPb KNETKM) CYLLECTBYET U 3¢h-
¢hoKC (aKTUBHBIA TPAHCMOPT BelyecTB B 0OpaTHOM Hampasre-
Hun). C nomoLybro acpdpmiokcHbix nomn (efflux pumps) GakTepus
NPEensATCTBYET HAKOMMEHWIO TAPOPUIBHBIX MONEKYN aHTBUoTH-
KOB BHYTPW KNeTkY [8], B TOM YMcnie 1 NenTUaHbIX.

ObpntoKkCHble TPAHCMOPTHLIE CUCTEMbI 3alLMLiatOT rpamo-
TpuuaTenbHyl OakTepuio U TOrAa, Korga ocTanbHble MpensT-
ctBua monekyna AMP yxe npeogonena. HekoTopble M3 3TUX
cuctem 06nagatoT YpesBbiYaHO LUMPOKOM CneuntUyHOCTbIO,
0XBaTbIBAOLLEN NPaKTUYECKN BCE aHTUBMOTUKM, XMMUOTEpPaneB-
TUYECKMNe areHTbl, MOKLIME CPELCTBA, KpacuTenn u Apyrie uH-
MONTOPbI, 3a WCKITOYEHNEM, BO3MOXKHO, OYeHb TMAPOMUIbHBIX
coeanHeHuin. Takue 3hhnoKCHbIE HAacoChl paboTakT C BbICOKOM
3 eKTUBHOCTBIO Y rpamoTpuLaTtenbHbiXx baktepuin — Bnaro-
Aaps WX CUHepreTM4eckoMy B3aUMOLENCTBUKO C BHELLHUM MEM-
OpaHHbIM 6apbepom [32].

MHOXeCTBEHHAs! PE3UCTEHTHOCTb K aHTMOMOTMKam y DBakTe-
pUI 4acTo JOCTUraeTcs UMEHHO C MOMOLLbIO 3G DNIOKCHBIX Ha-
COCOB. YCUNEHHas 3KCMPeccust reHoB, KoaUpyloLnx 6enku aTux
HacoCOB, — elLle OfIH MexaHU3M pa3BUTUS PE3NCTEHTHOCTH Dak-
TEepuit kK aHTMBMoTHKam [16)].

PE3UCTEHTHOCTb K AMPS: MEXAHU3MbI
BO3HWKHOBEHWSA

MHorocroiiHast 6apbepHast cucTeMa rpamoTpULaTenbHbIX
OakTepuit 4aeT BO3MOXHOCTW AN pasBUTUS (DEHOTUMUYECKO
PE3NCTEHTHOCTW: CBOLAMT K MWUHUMYMY [OCTaBKy aHTubakTepu-
arbHOro areHTa k MecTy HasHaueHus [16].

YTobbl yMeHbNTL NuTudeckne addektl AMPs, Gaktepum
MOZMULMPYIOT CBOIO MeMOpaHy: YTOMLLAKOT KIETOYHYH0 CTEHKY,
MoaMcuUMpyoT ee hochonUNMUaHbIA COCTaB, U3MEHSIOT Cpea-
HWN MOBEPXHOCTHbIN 3apsid, M3MEHSKOT TeKyyecTb MembpaHbl,
YBENUYMBAIOT BbICBODOXEHWE npoTeas Ans Aerpajauuu nen-
TMOOB, a 00pa3ykLMecs aMUHOKUCHOTbI BbIGpachIBAOT B MEX-
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KNeToYHy0 cpedy Anst ocnabneHus rMnoocMOTMYECKOro CTpecca
[24]. B nepunnasme rpamMoTpuuaTensHon baktepun CyllecTByeT
MHOXECTBO (pepMeHTOB Anst uHakTueauun AMPS nytem npoTe-
onu3a [39]. Hekotopble 6akTepun NpoayuMpyT ynaenueatowme
Gernku; apyrue akTuBMpyloT 3DPIIOKCHbIE CUCTEMBI; HEKOTOPbIE
BMAbI MCMOMb3ylOT GuonneHkn u aksononumepsbl [29]. Hecra-
OUNbHOCTb MO OTHOLUEHMIO K MpoTeasaM paccMaTpuBaeTCs Kak
HegocTaTok AMPs B kayecTBe NOTEHUMAnNbHbIX JIEKAPCTBEHHbIX
cpeacTs [7].

YT06bI NPOTUBOCTOATL AENCTBUIO KATMOHHLIX AMPS, BakTepum
npespaLakT (ochaTnannrinyepon cBoe 0060N0YKM B KaTUOH-
HbI uaundoccatuamnrnuuepon (lysyl-phosphatidylglycerol) u
NPUCOEOMHSIIOT anaHuH K NUnoTenxoeBoii kucnote [21], BeposiT-
HO, 3a CYET CHIXEHWS BENNYMHbI OTPULIATENBHOTO 3apsiaa MeM-
OpaHbl.

Pa3BuBas pesnCTeHTHOCTb K aHTUOWOTMKaM, BakTepum Mo-
YT NM6O YMEHbLWNTb MIOTHOCTb MOPWHOB, SKCMPECCUPYEMBIX B
HapyXHOI MembpaHe, NMB0 YMEHbLINTL BHYTPEHHUI pasmep no-
PWHOB MyTEM MyTaLWW KOLOHOB HECKOMbKMX aMWHOKMCNOT. Bak-
TEPUS MHTMOMPYET CUHTE3 UMK akTMBHOCTL nop [33]. OTcyTCcTBME
I CHIKEHHAs SKCMPECCHS MOPUHOB MOBLILLAET PE3NCTEHTHOCTb
K aHTMOMOTMKaM [15, 27], onncaHbl YyCTONYMBbIE LUTAMMbI, CUHTE-
31pyloLLe MyTUPOBaHHBIN MOpUH [33].

AHTUbaKTEpUanbHble NekapcTBEHHbIE CPEACTBA, Ha KOTO-
pble HE BNUSIKOT OOLLME MeXaHW3Mbl PE3UCTEHTHOCTH, SABNSHOTCA
MMEHHO TEMW COELMHEHUSIMM, UCMONb30BaHNe KOTOPbIX, NO-Bu-
AVMMOMY, €nocobCTBYeT MOSIBMEHMI BakTepuii-MyTaHTOB C MHO-
KECTBEHHOM NEeKapCTBEHHOM YCTOMYNBOCTbIO, CMOCOBHBIX K nepe-
NPOW3BOACTBY 3PPIIOKCHBIX HACOCOB LUMPOKOH CELNUIHOCTI
[32].

MULLEHb AMPS — BHYTPU KINETKHN

BaanmopeictBys ¢ knetouHon membpaHomn baktepuin pasHo-
obpasHbiMu cnocobamu, AMPS npoHUKatoT B LUTONMasmy, Y4Tobb
Bo3geiicToBaTh Ha [JHK, PHK, cuHtes 6enkos [11]. Tnapodunb-
Hble MPOTUBOMUKPOOHbIE CPeACTBa, kak npaBuio, umetoT Bonee
HW3KMe CKOPOCTU NPOHUKHOBEHMS BHYTPb KNETKM, YeM ruapodob-
Hble [36].

Y UNEHUCTOHOMMX N HEKOTOPLIX MIEKOMUTAKLLMX — OBEL, KO-
POB 1 KO3 — B OTBET Ha baKkTepuanbHyt NHGeKLMo obpasyoTcs
AMPs, Goratble nponuHom (PrAMPS), koTopble €nocobHbl npo-
XOAMTb CKBO3b BakTepuanbHy MembpaHy rpamoTpuLaTenHbIX
OakTepuit n yousaTtb uX, UHTMOMPYs cuHTE3 Genka. BbisBneHb
canTbl cBsisbiBaHus PrAMPs Ha pubocomax [18].

Ecnmn muiweHb AMP Haxogutcs BHyTpu GakTepuanbHoi knet-
kw, TO Monekyna nentuaa AOMKHA MPOWTU CKBO3b HECKOMbKO
nperpag [40]:

a) BHelWHoK obonoyky kneTku (outer membrane, outer cell
envelope), COCTOSALLYO M3 TMAPOMUILHOMO BbICOKO 3apSKEHHOIO
nMnononucaxapugHoro cnos;

6) nnoTHbIN rapodobHbIi crnon (tight hydrophobic layer), co-
Jepxaluuit BogHbIE Nopbl, CTEHKN KOTOPbIX 06pasoBaHbl benkamu
nopuHamu (porins);

B) ruapocunbHOE — nepunnasMaTnyeckoe
(hydrophilic periplasmic space);

r) rapodobHyto BHYTPeHHoK MembpaHy (hydrophobic inner
membrane), boraTyto dhocthaTManunrnuLeposiom.

Kak nonaratot, AMPs, obrnapatowiue HecnupanbHoi CTpyk-
TYPOW, NPOXOASAT Yepe3 KNeTo4Hble MeMBpaHbl W CBA3LIBAIOTCS
C BHYTPEHHUMU MuLieHamu. Hekotopble AMPS cBf3biBaloTCs €
[OHK; B Monekyne katenuuuanHa ans aToro Heobxoamum ocTaTok
Arg23 [39]. KoHTakT1pys ¢ HyKnenHoBbIMM KncnoTamm B puboco-
max, AMPs B0O3[eiCTBYIOT Ha CUHTe3 BenkoB, kak dH3uMmaTuye-
CKMX, TaK 1 CTPYKTYPHbIX [21].

Listeria monocytogenes — haKkynbTaTUBHbIA BHYTpUKIE-
TOYHBIA MaToOreH, KOTOPbIA MOpa¥aeT pasfnyHble TWMbl KNETOK
MakpoopraHuama, B TOM uucne makpodaru. [lenctsys naHyTpu
KNneTkW, nuctepun nepdopupytoT MembpaHsl Makpoaros 1 Bbl-
XOLAT Hapyxy. Linknuyeckme u nuHenHble AMPS 13 cemelictaa
AedeH3nHoB GnokupytoT aT0T Npouecc [3]. [edeH3nHbl CMHTE3M-
pyl0TCS B OpraHu3me yenoseka v npumaTtos [21].

Uuknnyeckne AMPs (CAMPs) nokasbiBatoT 6omnee BbICOKYHO
CTabunbHOCTL M DonbLUY0 NepopanbHyo GMOJOCTYMHOCTb, YeM
Y UX NUHeNHbIX aHanoros [1].

MPOCTPaHCTBO

AHTUBUPYCHAA AKTUBHOCTb NENTUAHBIX
AHTUBUOTUKOB

Anbta- n beta-gedeH3nHbl, a Takke katenmumanH LL-37
aKTWBHbI MPOTMB BUPYCOB, KaK UMeLOLWMX 060mM0uKy, Tak 1 He3o-
6onoyeuHbIx [9].

Anbta-gedeHsns HD-5 yenoseka cnocobeH HerTpanumso-
BaTb 6e3000M04eyHble  afeHOBUPYChI, NAMWUINIOMaBUPYChI W
nonuomasupycel. [ns aToro HeOBX0AMMO Hanmune B MOMekyne
nentuga apruHnHa (Arg) n rngpocdobHbix octaTtkos [39].

YenoBeyecknin kaTenuUUanH UHMMBMUpYeT pennmukauuio Bupy-
ca kopoBbelt ocnbl. IToT AMP adpdpekTrBEH NpoTUB BUpYCa rpun-
na A, BEPOSTHO, MyTEM HEMOCPEACTBEHHOTO Pa3pyLUEHNS BUPYC-
HbIX MeMbpaH. AKTUBEH OH Takke NpoTuB 3ocTep-Bupyca (VZV) n
pecnupaTopHO-CMHUMTManbHoro Bupyca (RSV) [39].

KatenuumanH wmHrmbupyet pennukauynio BUY-1 B MOHOHY-
knepax nepudepuyeckon kpoBu. VHMMBMpoBaHWe pennmkauum
cornacyeTcs C MpOLEeccoM CBsi3biBaHUS Nentuaa ¢ obpaTHoi
TpaHckpunTason BMY-1. OH cnocobetByeT gedopmauun mem-
OpaHbl ¥ TeM NPensaTCTBYET CnusHMO BUPYCOB. KaTtenuumauH
CcBA3bIBAETCH C nunugamn obonoyku Bupyca, Hanpumep BIAY-1,
4To yeunueaeT ekt [39].

KaTuonHble AMPS, B TOM uncne AedeH3nHbI, UrpatoT ofHy K3
TMaBHbIX POnei B peakuyusix BPOXAEHHOTO WMMYyHWTETa NpOTUB
BWNY-1 [14].

NMPOTUBOTOKCUHHAA AKTUBHOCTb NEMNTUOOB-
AHTUBMOTUKOB

[edeH3nHbl (CMHTE3MPYEMbIE B TOM YWCIE U B YENOBEYECKOM
OpraHu3me), MOMUMO OKa3aHWs NPSIMOTo aHTUMUKPOGHOTO adpdek-
Ta Yepes Ae3opraHn3aumo HaktepuanbHbix MembpaH, cnocobHbI
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HelTpanu3oBaThb pasnuyHble bakTepuanbHble TOKCUHBI. B npucyT-
CTBWW PETPOLMKIMHOB rapOdOOHbIE Y4aCTKI TOKCUHOB, 0BbIYHO
CrpsiTaHHble BO BHYTPEHHEN YacTi MONeKyIbl, CTaHOBATCS Gonee
LOCTYMHbIMM ANs NPOTEONUTUYECKOrO pacluenneHns. HecmoTps Ha
3HauMTENBHOE CTPYKTYPHOE pasHoobpasue, a-, - 1 6-aedeH3nHbI
MCMOMb3YOT CXOAHbIE MEeXaHU3Mbl MHAKTUBALMW TOKCUHA, KOTOpble
MoryT ObITb 06LMMKM 1 ans AMPS 13 apyrx cemeiicTs [22].
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MHOTO4YUCHEHHbl U HE 00 KOHLA N3yYEHbI. BaxHenwmm (*)aKTODOM pa3BnTUA 3aboneBaHus aBnseTcsa M3bbITO4YHOE
9K30reHHOE NocTynneHne nerko OKMCcnAaemMbiX nunuaos 1 X AenoHNMpoBaHKUe B agunoyumTax. Mo Mepe yBenu4eHus
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perynaunn MHOrux CbVISVIOJ'IOFW—IeCKVIX npoLeccoB B OpraHM3me. YBenunueHue npoaykumn pe3ncTtnHa — aHTaroHucTa
WHCYNNHA — YrHeTaeT UHCYINH 3aBUCMMOE pacLlenneHne nunnaos. 3HaYMTENBHO CHMXAeTCs 4YYBCTBUTEIIbHOCTb
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Summary: Obesity is a chronic progressive disease characterized by excessive deposition of fat mass in the body.
The mechanisms of obesity are numerous and not fully understood. The most important factor in the development of
the disease is the excess exogenous intake of easily oxidized lipids and their deposition in adipocytes. As the volume
of adipose tissue with metabolic activity increases, the natural mechanisms of regulation of many physiological pro-
cesses in the body change. An increase in the production of resistin, an insulin antagonist, inhibits insulin-dependent
lipid breakdown. The sensitivity of the central nervous system to leptin, a hormone that regulates eating behavior, is
significantly reduced. There is a vicious pathogenetic circle. Genetically determined changes in lipid metabolism, lead-
ing to their excessive accumulation, can also play a role. The combination of all these factors leads to the development
of the disease.
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B HacTosiLee BpeMs OXMpeHWe paccMaTpuBatoT Kak XpOHMK-
yeckoe 3abonesaHue, reTeporeHHoe No 3TUONOTMK U KIWHUYe-
CKMM MPOSIBAEHNAM, NPOrpeccupytollee npu eCTeCTBEHHOM Te-
YeHWW, xapakTepuayroLleecs 3bbITOYHbIM OTNOXKEHUEM XNPOBOK
macchbl B opranuame [1].

dusmnonoruyeckne M BUOXMMUYECKME MEXAHW3Mbl PA3BUTHUS
OXMPEHMs AOCTaTOYHO CMOXHbI M 40 HACTOSILLEr0 BPEMEHM OCTa-

t0TCS He [0 KOHLA M3y4eHHbIMW. OfHaKo OCHOBHbIE MPUHLMMbI
NaTonorM4yeckoro yBenuyeHus 0bbema X1poBOM TKaHU MOHSATHbI
1 SBNAKOTCS CTEPeoTUnHbiMU [2, 3, 4, 5, 6].

npoBas kneTtyatka npeactaBnset cobon ckonneHus cne-
LmManbHbIX KNETOK (aanMnouuToB), pa3feneHHbIX Ha OTAeNbHbIe
“nonbkn” BONIOKHAMK COeAUHUTENbHOM TKkaHW. OnucaHHbIA TUN
CTPOEHMS1 OOBSCHAET 3aKpenuBLUEECS Ha3BaHWE “XupoBas
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knetyatka’. OCHOBHON (pyHKLMeH afunoLUTOB XUPOBOW TKaHU
SBNISIETCA CUHTE3 M XpaHEeHWe NMNUA0B (XMUPOB), B MEPBYH0 OYe-
pefb — TPUrAMUEpMaoB. Tpurnuuepnabl (Nerko oKucrnsemble
XMpbl — NPOWU3BOAHBIE FAMLEPONa U XUPHBIX KUCOT) pacnona-
ralTCs B KNETKax XWPOBOW TKAHW B BUAE rpaHyn W SBNSAKOTCS
BHYTPEHHUM 3HEPTeTUYECKUM pPE3epBOM opraHuama. Mpu ux
okucneHuu Boigensietcs 9,3 kkan/r 3Hepruu, B TO BpeMst Kak npw
pacllenneHnn rnukoreHa (nonmmepa riKko3bl — OCHOBHOTO
MCTOYHMKA SHEprum BCex KNeTok Yenoseka) obpasyetcs BCero
4,1 kkan/r aHeprun. OkucneHue TpurnuuepugoB sensetcs 6o-
nee MeANEHHbIM NMyTEM MOMYyYEHUST FHEPTUN B OPraHu3me, noa-
TOMY WX PE3EPBMPOBaHNE NPOUCXOANT NNLWb NpU AOCTAaTOYHOM
HaKOMMEeHNN B TKAHSAX FMWKOreHa, Aeno KOTOporo SBMSKTCS, B
nepByl ovepedb, MbllLbl CKeneTa U neyYeHb. buoxumuyeckmne
peakuu 06pa3oBaHNs SHAOTEHHBIX (BHYTPEHHUX) NUNNLOB SIB-
NAKTCA YHNBEPCANbHBIMMW, MO3TOMY UX CMHTE3 MOXET NPOUCXO-
AWTb N3 BCEX TUMOB OPraHNYeckux CoeauHEHN (X1poB, YrneBo-
AoB 1 6enkoB), nocTynalowux ¢ nuwei [2, 3, 4, 5, 6].

HeobxoaumocTb pesepBMpOBaHNS CUHTE3WPOBAHHBIX KNeT-
Kamu opraHuama TPUrnMLepuaoB NPUBOAUT K YBENUYEHUK pas-
MepoB (runepTpocun) dyHKLMOHANBHO 3penbix 1 anddepeHLy-
POBKE (CO3pEBaH0) NPeaLIECTBEHHUKOB aaunoLuToB. bonbLuas
4acTb ATUX KNETOK COCPeoTOMEHA B NOLKOXKHOM XMUPOBOW KneT-
yaTke, MMEHHO NO3TOMY B NMEPBYI0 0Yepeab NPOUCXOANT ee yBe-
nnyenne [2, 3, 4, 5, 6].

OpfHako cnewumanuanpoBaHHbIE XMPOBbIE KNETKM pacnonara-
l0TCS N BOKPYT MHOTUX BHYTPEHHUX OpraHoB. [pu n3bbITo4YHOM
CWHTE3e NUNUAOB B MPOLECC MX HAKOMMEHWUS BKITIOYAETCS U 3Ta
yacTb aaunouuTOB — pa3BMBaeTCs BUCLEpanbHoe (OpraHHoe)
OXupeHue [2, 3, 4, 5, 6].

CnocoBHOCTbH K Pe3epBMpOBaHMI0 TPUMIMULEPUZOB B Opra-
HW3Me YenoBeka 06nafaKT He TONbKO agnunoLmThl XKMPOBOW Tka-
HW, HO U KNETKW HEKOTOPbIX OPraHoB, B NEPBYH 0Yepeab — neye-
HWU 1 cepaua. M3bbiTouHOe HakonneHue NMNUAOB B renaToumTax
(kneTkax MeveHu) UNM KapauomuouuTax (KneTkax CepaeyHoi
MbILLLbI) MPUBOAMT K MX TSKENOMY HapyLUEHMIO MX (PYHKLUMM —
XMPOBOMY TenaTo3y W X1poBOi kapanogucTpodum [2, 3, 4, 5, 6].

Takum 06pasom, ¢ No3nLMM U3NONOTUK, OXUPEHNE — 3TO
130bITOMHOE HaKOMMEHWe Nerko OKUCASEMbIX NUNUAOB (TPUrMu-
LiepnaoB) crneumanuanpoBaHHbIMI KNeTkaMu opraHuama (aguno-
UuUTamMm) BCELCTBYE MPEBbILIEHNS SHEPreTUYECKIX 3aTpart opra-
HW3Ma Hag NOCTYMNEHUEM SHEPreTUYeckn eMKUX OpraHnyecknx
BeLLEeCTB C nuwien [2, 3, 4, 5, 6].

EcTecTBEHHbIE MpoLECcChl perynauuu CuHTe3a NUNULoB B
OpraHu3me [O0CTaTOYHO CMOXHbI W OCYLLEeCTBNSOTCA BONMbLWNM
KONMYECTBOM MeauaTopoB (FOPMOHOB), BbipabaTbiBaeMbIX 3H-
LOKPUHHBIMU Xenesamu 1 HekoTopbIMU TkaHaMW. OfHUM K3 oc-
HOBHbIX PErynaTopoB 06MeHa (MPOAYKLMM U paclienneHns) nu-
NnUZoB ABNsSieTCs MHCYNMH. CMHTE3 1 HaKoNMeHne NUNLOB aau-
noyuTamu BISIETCH MHCYNNHO3ABUCHMBIM, TO ECTb MPOUCXOAMUT
NWWb B pesynbTaTe AENCTBNS 3TOrO XMMWYECKOrO BeLLECTBa.
[MpOTMBONONOXHBIM UHCYNNHY AeicTBUeM 06MafatoT: rMoKaroH,
kaTexonammuHbl (aApeHanuH n HopagpeHarnuH), CoMaToOTPOMHbIN
TOPMOH W HEKOTOpble Apyrue. PasHoHanpaBneHHbIM AeNCTBIEM

Ha 0OMeH NUNUAOB, 3aBUCSLLMM OT YyBCTBUTENLHOCTU TKAHENH,
06nafatT ropMoHbl KOpbl HAANOYEYHUKOB M MOJOBbIX Xenes [2,
3,4,5,6].

MoMUMO XpaHEHUS BbICOKOIHEPrETUYECKMX BELLECTB (nunu-
[0B) XMpOBas TkaHb 0bnagaeT eLe OAHON BaXHON yHKLMEN —
CNOCOBHOCTBI0 CUHTE3MPOBATL BMONOMMYECKN aKTUBHBIE FOPMO-
HONOZOOHbIE BELLECTBA — aAMMOLMTOKMUHLI. pK 3HAYMTENBHOM
pasBUTUM BNUSHWE agMMOLMTOKMHOB Ha 0BMEHHble MpoLEecchl B
OpraHu3me CTaHOBUTCS CyLLECTBEHHbIM [2, 3, 4, 5, 6].

B pas3sutuM M nporpeccMpoBaHUN OXMPEHWS OAHWM U3
Hanbonee BaXHbIX XUMUYECKUX COEOUHEHUN JAHHOW Tpynnbl
ABNAETCS NEeNTUH — “ropMoH ronoga’. MoBbIWEHNE KOHLEHT-
pauum nenTHa B KPOBW NPUBOAUT K CHUXEHMIO YyBCTBA rono-
[a 3a CyeT BO3LENCTBMUSA HA COOTBETCTBYIOLMNE LEHTPbI FON0B-
HOro Mo3ra. l1pu OXMpeHU NPOAYKLMS NenTUHa 3HaYUTENbHO
BO3pacTaeT, OAHAKO BOCMIPUUMYNBOCTb PErynupyowmnx nuuie-
BOe MoBefeHWEe CTPYKTYp Mo3ra K AaHHOMY TOPMOHY Pes3Ko
CHWXaeTcs, TO €CTb Pa3BNBAETCH PE3UCTEHTHOCTb K MENTUHY
[2,3,4,5,6]

OYHKLUMOHANBHO BaXHbLIM aaUNOLUTOKUHOM SBNSETCS pe-
3UCTUH — TOPMOH, CHWXAILWNA YYBCTBUTENBHOCTL TKaHEN K
OeiCTBNI0 MHCYNWHA. [MnepnpogyKuus pe3aucTuHa XUpOBOW
TKaHbK NPUBOAWT K Pa3BUTUIO WHCYNMHOPE3UCTEHTHOCTH, ne-
Xallen B OCHOBE caxapHoro anaberta 2 Tuna u fanbHenwen
nporpeccun oxuperns. MpoTMBONONOXHLIM adhdekToM obna-
[aeT afMnoOHeKTUH — TFOPMOH, YCUNMBAIOLNIA YyBCTBUTEMb-
HOCTb KNETOK OpraHuama K WHCYNnuHy. YBenuyeHue obbema
KMPOBOW TKaHU BEAET K CHWXEHWI0 NPOLYKLMM agunoHEKTUHA
3a cyeT “oTpuuaTtenbHon obpaTHOM cBA3W’, a, cnegoBaTenb-
HO, — CHUXEHWI0 YyBCTBUTENBHOCTU TKAHEN K UHCYNUHY — UH-
CYNNHOPE3UCTEHTHOCTH [2, 3, 4, 5, 6].

WHavBuayanbHble 0cOBEHHOCTW OBMeHa NWMMMAOB, Kak W
OCTanbHble NPOLEeCChl B OpraHname, SIBMSIOTCA reHETUYeCKn ge-
TEPMUHWUPOBAHHBLIMI (3anporpamMMuUpoBaHHbIMK). B HacTosee
BPEMS U3BECTEH TeH ab, NoKanu3ylLLMICa Ha pasHbIX XPOMO-
COMax W KOHTPONMMPYIOLMA CUHTe3 NenTuHa. MyTaumm reHa ab
BbI3bIBAOT HAPYLUEHMS MPOAYKLMM 3TOTO FOPMOHA WITN CHUKEHNE
UyBCTBUTENBHOCTU K HEMY KIETOK XMUPOBOW TkaHW. K MOBbILLEH-
HOMY HaKOMMeHWo TPUINULEPNAOB MOXET BECTU MyTaLUs reHa,
KoaupytoLLero epmMeHT nunonpoTenHkMHasy. HecoMHeHHo, cy-
LEeCTBYIOT W MHOTUE [pYrue reHeTndeckue aedekTsl, NpuBoas-
LMe K M30bITOYHOMY CUHTE3Y NUnMAoB [2, 3, 4, 5, 6].

CyMmupys M3MOXeHHOe, CriefyeT KOHCTaTUpoBaTbh, YTO OT-
NOXeHWe xupa (TPUrNMLEpULoB) B NOAKOXKHON U BUCLEPANbHOM
KnetyaTke aBnseTcs U3Nonornyecknm npoLieccoMm, HanpaseH-
HbIM Ha CO3[aHne SHepreTUYecknx pe3epBoB opraHuama. OTcyT-
CTBME MEXaHM3Ma KOHTPOINS HaKOMMEHMs XWPOB (Mpu SOCTIKe-
HWM ONpEeAEneHHOro NMOPOroBOro YPOBHS) CO34aeT YCnoBus Ans
HEeOrpaH14eHHOro AEnOHUPOBaHUS NErko OKUCISEeMbIX TpUrau-
LiepnaoB B cneuyanmavpoBaHHbIX kneTkax — agunouutax. Mpo-
JOMKMTENBHOE WNW NOCTOSIHHOE HapyLueHWe U3NoNornieckoro
paBHOBECWSI MeXZY pacxodoMm W notpebneHnem Heobxoaumbix
ANS KU3HEOEATENbHOCTU OpraHn3Ma dHEPreTUYeckn eMKMX KOM-
MOHEHTOB MOCTENEHHO MPWUBOAMUT K MaTOMNOTMYECKOMY PasBUTUIO
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KMPOBON TKaHUM — OXWpeHnto. CUHTe3upyemble agunouuTamu
Bronormyeckn akTuBHblE BeLLecTBa (rOpPMOHONOA0OHbIE XMUYe-
CKie COEMIMHEHNS) BHOCAT CYLLECTBEHHbIN BKNaA B Nporpeccupo-
BaH/E OXMPEHWS U pasBuTME COMYTCTBYIOWMX 3abonesaHui [2,
3,4,5,6].
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Pe3tome: B MHINOG30pe NpeacTaBeHbl AaHHbIE O FMaBHbIX CTPYKTYPHbIX U (DYHKLUMOHANBHBIX KOMMOHEHTaX re-
MaTo3HLedanuyeckoro 6apbepa, 06ecneynBaroLLMX 3aLUMTy MO3ra OT NMPOHUKHOBEHWS B HETO 13 KPOBU BELLIECTB,
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Summary: The mini-review presents data on the main structural and functional components of the blood-brain barrier, which
protect the brain from the penetration of substances from the blood that can disrupt its functioning.

Keywords: blood-brain barrier, tight junctions.

Noes o cywecteoBaHun Bapbepa Mexay KpOBbK M MO3rOM
(Blut-Hirn-Schranke) BnepBble 6bina BbickasaHa [laynem Spnu-
xom (Paul Ehrlich, 1854—1915) B 1885 rogy u yxe yepes rog bbina
NOATBEPXKAEHA MM 3KCMEPUMEHTANbHO: METWUNEHOBBLIA CUHMIA,
BBE[EHHbI B KPOBOTOK N1abopaTopHOro XWBOTHOTO, OKpaLUMBa
BCE TKaHM, KDOME FOMOBHOTO 1 CMIMHHOTO MO3ra. /iaes sHauuTenb-
HO onepexana TOrAallHWA YPOBEHb Pa3BUTUS HAyKu W NPUHATA
He Obina. [laHHble, NpeacTaBneHHble DpMXOM, CneunanmeTsl —
HeBponorM “ Mopdonorn — TpakToBanu B TOM CMbICIE, YTO
HEeNpOHbI B MO3re Npunexat Apyr K Apyry HaCTOMbKO NAOTHO, YTO
MPOCTO He OCTaBNSIOT MeCTa A4/151 KakOM-NMb0 NOCTOPOHHEN Xua-
KOCTM, MOSTOMY U OKpaLUMBAHWUS MO3ra He MPOMCXOAMT. Qpnnx ¢
KpUTUKaMK HE COrMacuncs, Ho U UCKaTb HOBble [OKa3aTenbCTBa
He CTan, XOTS M MOCTOSIHHO NepefaBan 3Ty MbICAb CBOUM Y4eHM-
kam. OgnH u3 Hux — Makc JleBaHgoBckuin (Max Lewandowski,
1876-1916) ynomsHyn o bGapbepe B pabote, onybnmkoBaHHOM
B 1900 rogy. B 1913 rogy 6bin noctaBneH peLlatoLuin akenepu-
MEHT: y4eHuk Opnuxa 3aBuH MonbamaHd (Edwin Ellen Goldmann,
1862-1913) uHbeLMpOBan TOT Xe KpacuTeNb C APYroil CTOPOHI
Bapbepa — B KENYAOYKN MO3ra KMBOTHOTO M MOMYYMN OKpaLuu-
BaHWe MOo3ra, nepudepnyeckme TkaHu Npu STOM He OKPacuImuChb.
HauasLuascs Bckope MupoBas BoitHa nomellana nonynspusaum
3TUX AaHHbIX.

B cratbe 1921 roga Jluna ConomoHosHa WTepH (Lina Stern,
1878-1968), paboTaBlas Torga B YKEHEBCKOM YHMBEpCUTETE,
9KCMEPUMEHTUPYS C Kypape, ybeannack B CyLLecTBOBaHWM bapb-
epa Mex[y Mo3roM 1 kpoBbto [35]: «Mexay Mo3rom, ¢ ofHOM CTo-
POHbI, 1 CMIMHHOMO3rOBOW XWUAKOCTbIO, C APYroM, €CTb 0COObI an-
napat unu MexaHusm, cnocobHbIi NpocenBaTh BeLlecTsa, 06bik-
HOBEHHO MPUCYTCTBYIOLME B KPOBM UMW CIy4alHO NPOHUKLLME B
Hee. Mbl npeanaraem HasblBaTb 3TOT FMNOTETUYECKNN MEXAHU3M,
MponycKatLuin OOHM BELLECTBA U 3aMeansioMi Uin 0CTaHaB-
NYBAIOLLWIA NPOHUKHOBEHME APYIUX BELUECTB, remaToaHuedan-
yeckum 6apbepomy.

B 1925 rogy WrepH nepeexana B CCCP wn cosgana 3gecb
LKony uccneposatenei, paspabatbiBaBlumx npobnemy rema-
To3HUedanuyeckoro 6apbepa (FOB). Hanbonee M3BECTHbIM ee
yyeHukom bbin Ako AHaHbeBuy PocuH (1898-1990) [4].

FMABHbBIE KOMMNOHEHTbI FTEMATO3HLE®ANUYECKOIO
BAPBEPA

OTcyTCTBME B CTEHKE MO3rOBbIX KanumnisipoB kakix-nnbo Bog-
HbIX kKaHanoB, NOp U hEHECTP HEOAHOKPATHO NOATBEPXKAEHO faH-
HbIMM 3NEKTPOHHON MuKpockonuu [40]. HecMoTps Ha, kasanocb
Obl, HeonpoBePXMUMbIE oka3aTenbcTBa, uaes OB HeobbsACHK-
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MbIM 00pa3oM Haxoauna Bce HOBbIX KpuTMKOB Ao 1970-x roaos.
[MaBHOe VX BO3paXeHWe COCTOSANO B TOM, YTO He ObINo M3BECTHO
YCTPOMCTBO Dapbepa: Kakas UMEHHO cmpykmypa MOXeT obec-
NeynTb CTOMb CTPOrOe pasrpaHnyeHne NpoCTpaHCTB — nepude-
pryeckoro (KpoBOTOK) 1 LieHTpanbHoro (napeHxuma mosra)? Mo
Mepe HaKoMMeHUst AaHHbIX O MAOTHbIX KOHTaKkTax (aHrm.: tight
junctions — TJ) Mexgy SHOOTENMOLMTaMy MO3TOBbIX Kanumnspos
[7, 18, 28] BO BTOpOW MOMOBMHE MPOLUIIOrO Beka ONpeAenuncs
2nasHbIl KOMMOHEHT Bapbepa, a cyllecteoBaHue 3B cTano He-
ocnopumbiM daktom [34].

B 3oHe 3B Obinu 0BHapyxeHbl hepmeHmbI, yckopsioLme
pacLLennieHne aLeTUnXonnHa, MOHOaMUHOB, B 4aCcTHOCTU KaTe-
XOMaMMHOB, HYKMEO3MAOB M ramMMa-aMMHOMACISHOW KNCIOTbI.
Tak cnoxunochb npeacTaBneHue 0 8mMopoM no 3Ha4YUMOCTU KOM-
noHeHTe OB, KOTOpbI Ha3bIBAKOT «3H3UMHLIM Gapbepomy [3].

Onpepenunca n mpemuil U3 YUCna rNaBHbIX KOMMNOHEHTOB
3B — HM3KOMOMeKynspHble BELLECTBA (C MOMNEKYNSPHON Mac-
con okono 4 k[a), cuHTe3npyemble acmpoyumamu u BbICBOBO-
XAaemble MX OTpocTkamn B 30HYy ['OB; OHM Heobxogumbl Ans
noafepxaHnus NNOTHbIX KOHTaKTOB. OTPOCTKM acTPOLUTOB OKOH-
YaHUSMK OXBaTbIBaKT BOMbLIYI0 YaCTb MOBEPXHOCTU MO3TOBbIX
KanunnspoB, HO 3TU OKOHYaHUS HE COedMHEHbl Mexay cobon
MEXaHU4eCcKoro NpensaTCcTBUS TPAHCMOPTY MONEKYN HE NpeacTas-
nsioT (cm. [2]).

CyLyecTBYIOT 1 Masio Noka M3y4YEHHbIE PETYNATOPbI NAOTHBIX
KOHTaKTOB, JeCTBYIOLLME HA HUX CO CTOPOHbI KPOBM[3].

OnpegeneHHyto ponb B COCYLLECTBOBaHUM BapbepHbIX (yHK-
UMl UrpatT Takke MepuunTbl U NEPUBACKYMAPHBIE Makpodary
[43].

Bapbepa ans rmgpocdobHbIX BewwecTB He cylecTByer. 10
obuiemy npasuny, Ans BELLECTB C BbIPAXEHHON rAPOdo6HOCTbI0
(MMNounbHOCTBLI0) BapbePOB B OPraHM3Me He CyLLEeCTBYET: OHU
PacTBOPSIKOTCS B HAPYXXHON MeMOpaHe C O4HON CTOPOHbI KNETKM,
Nno rpagneHTy KoHUeHTpauuu AncyHAMPYIOT K NPOTMBOMONOX-
HOM 11, pPacTBOPSISICb B HEW, NPOXOAAT Ha NPOTMBOMONOXHYH CTO-
poHy. Takum o6pasom, npobnemy A6 MoxHO 0bCyxaaTh TONLKO
B OTHOLUEHMM TpaHcnopTa rmapodobHbIX (BOAOPACTBOPUMBIX)
cybeTaHLni, K KOTOPbIM OTHOCUTCS 60MbLUAs YacTb ryMoparnbHbIX
perynsiTopoB, CMOCOOHbIX WM3MEHUTb COCTOSIHUE LIEHTPamnbHOM
HEpBHOW CUCTEMbI B CRly4ae WX NPOHUKHOBEHWS 13 KPOBMW B MO3T.

OTtcyTcTBME NUHOLMTO3a B KneTkax 6apbepa. ['mgpodunb-
HOe BeLLeCTBO, B HEOOMbLUMX KOMUYECTBAX BCE e MPOHUKLIEE
B LMTOMMasMy SHAOTENWOLMTA MO3FOBOrO Kanunnsipa, MOXET
ObITb MHOKYNIMPOBAHO B BE3MKYMNy, KOTOpasl, NepeMeLyasich Mo
kneTke, «gobupaeTca» 40 Onukaiilei nu3ocoMbl U Tam ee Co-
LEPXKMMOe pacluennsercs LecaTkamn 3H3WMOB. [lpucyTcTBue
(HEMHOrOYMCINEHHbIX) BE3WKyn B LMTOMNA3Me 3SHAOTENMOLMTOB
MO3TOBbIX KanunIspoB MOLTOMKHYNO HEKOTOPbIX McCrnegoBaTe-
nen K nombITkam [oka3aTb BOIMOXHOCTb MUHOLMTO3a (TpaHCLM-
T03a) TMAPOUNIbHBIX BELWECTB B 3TUX CTPyKTypax. B KpoBoTOK
KMBOTHOTO BBOAST pacTBOp MAPOUIBHONO BELECTBA, MEYEH-
HOrO pagMoakTUBHLIM M30TOMOM. MO3r XMWBOTHOrO M3BREKAKT W
OnpefensioT ero pagnoakTUBHOCTb, KOTOpas OKasblBaeTcs Cy-
LiecTBEHHO Bbllwe hoHoBOW. OyeBMAHa MeTogmMyeckas owubka

TaKNX 3KCNEPUMEHTOB: METKA HAXOAMTCS BHYTPU SHAOTENMOLMTA
MO3rOBOTO Kanunnsipa, Ho He B napeHxume mosra. B F'3b moxet
MMETb MECTO SHAOLMTO3, HO He TpaHcuuTo3 [3].

KonnyectBO MUTOXOHAPWI B SHAOTENMOLMTAX MO3rOBbIX
kanunnsapos 60nblUe, YeM B KNeTKax KPOBEHOCHbIX COCYLOB ApY-
rMX OpraHo.; Tak cTpykTypbl 3B nonyyatoT aHepruto, Heobxoau-
Myl Ons paboTbl 3aM0XeHHbIX B HEr0 CUCTEM aKTUBHOTO TpaH-
cnopTa rmapodubHbIX Bewects [1].

OneKkTpuyeckoe CONPOTUBIIEHUE MIIOTHbIX KOHTAKTOB [0-
CTUraeT 3HaYMTENbHON BenuYmMHbl B 1,5-2,0 kOm-cm? [12] u cny-
XMT KONMWNYECTBEHHbIM KPUTEPUEM ANS OLEeHKN cocTosiHus [Ob B
aKCnepuMeHTe.

BEJIKW NNOTHbIX KOHTAKTOB

W3onupytowast cnocoBHOCTb MEXKNETOUHbIX (MNOTHBIX) KOH-
TaKTOB B SHOOTENWM KanWUIsSPOB rOMOBHOMO MO3ra Ha [Ba nopsig-
ka Bbllle, YeM B Kanunnsapax Apyrux opraHoB [5]. OTO CBOWCTBO
obecneunBaeTtcs 0cobbiMM CNOXHBIMK Benkamm (pocdonpoTen-
Hamm). YacTb 1x HasbIBaeTCs NepudepuyeckumMm, 1 OHN HaXoaAT-
CSl MONHOCTBHO B LIMTOMNa3Me SHA0TENNANBHO KNETKN, COEAMHSS
TpaHcMeMOpaHHble GEMnKku C akTUHOM LMTOCKeneTa. TpaHCMeM-
BpaHHble NPOTEUHbl OAHUM KOHLOM COeAMHEHbl C nepudepu-
Jeckum 6Genkom BHYTpU SHAOTEnMouuta, Apyron npobopaer
naTtepanbHyl KNeTouHyl MemOpaHy, BbIXOAWUT B MEXKIETOY-
HY!0 LLEMb 1 TaM COEMHSAIETCS C TaKUM e CBOBOAHBLIM KOHLOM
OLHONMEHHOI BenKkoBOI MONEKyIbl, BbICTOSLLMM M3 COCELHEro
angotenuouuTa [41].

TpaHcMembpaHHble 6enku NNOTHbIX KOHTakToB. Cpeau
Gonee yem 40 GenkoB, WOEHTUMULMPOBAHHLIX B CTPYKTypax
96 [9], Hambonee (YHKUMOHAMBHO 3HAYUMbBIMK CYUTAOTCS
knayamHbl (aHrn.: claudin 1/3 v claudin 5 — ot nar.: claudere —
3akpbiBaTh). KnayauHoB wgeHtuduumpoBaHo 6Gonee 20. 3w
Monekynbl Maccoi 22 k[la paccmMaTpuBatoT Kak nepBUYHbIA Ma-
TEpWUan 415 Co34aHMs NOTHBLIX KOHTAKTOB: COCTOALLAs U3 YeTbl-
pex TpaHCMeMOpaHHbIX JOMEHOB, MOMEKyna KnayauHa OfHWUM
KOHLOM npukpennseTcs k ZO-npoTenHy, ApyruM — K MOMekyne
KnayawHa, BbICTOSILLEN U3 COCeaHEro aHaoTenuouuTa [13].

Bonee KkpynHbIi, YeM KknayauHbl, POCHONPOTENH OKKIIOANH
(aHrn.: occludin — OCLN, oT naT.: occlusio — 3aKkpbITUE) UMeeT
MonekynspHyto mMaccy okono 60 k[la, Takke COCTOUT U3 YeTbipex
TpaHcmembpaHHbix gomeHos [11] u npukpenneH k monekyne ZO.
MonaratoT, YTO OH Yy4acTBYET B CO3[aHUM BOAHBIX KaHaroB W
perynsauu1 napalennonspHoro TpaHcnopTa v YTo Ha ero Lo
MPUXOANTCS 3HAYNTENbHAs YacTb ANEKTPUYECKOTO CONpoTMBE-
HWUS NAOTHBIX KOHTaKTOB [39].

Monekynbl KOHTaKTHOW aareaun (awrn.: junctional adhesion
molecules) JAM-1, JAM-2 n JAM-3 nmetoT MONekynsipHyto Maccy
okono 40 k[a n oTHOCATCS K Knaccy MMMYHOrnobynuHoB. Heko-
TOpble W3 HUX CNOCOBCTBYKOT MPOHWKHOBEHWIO TEAKOLIMTOB CKBO3b
6apbep [10, 31].

MoxHO Cka3aTb, YTO TpaHCMeMOpaHHble GenKk/ MMOTHBIX KOH-
TaKTOB «CLUMBAKOT» naTepasnbHble MOBEPXHOCTU 3HAOTENMOLMTOB
MO3rOBbIX KanWmmsipoB, MOMHOCTBH YCTpaHss napalenmonspHble
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BOAHble KaHamnbl, MO KOTOpbIM BOAOPACTBOPUMblE BelyecTBa
mornu Obl MPOXOANTL M3 KPOBM B MO3T M N3 MO3ra B kpoBb. JTa
CMNOCOBHOCTb MAOTHBIX KOHTAKTOB COXPaHSETCH B TEYEHWE He-
CKObKWX 4acoB Nocne CMepTU opraHnama: nepdysust pacTBopoM
kpacuTens CoCyA0B MO3ra He NMPUBOAMT K OKPALLMBAHWIO €ro na-
peHxumbl [1].

Mepundrepnyeckue 6enkn NNOTHLIX KOHTaKTOB. ZO-npoTe-
WHbl — aCCOLMMPOBaHHbIE C MeMOPaHONM ryaHunkuHasa-nogob-
Hble Genku (aHrn.. membrane-associated guanilate kinase-like
proteins — MAGUK) coctosaT u3 gomeros PDZ1, PDZ2 u PDZ3,
SH3-gomMeHa u ryaHunkmHasa-nogobHoro gomera (GUK). 3tu go-
MeHbI U3BECTHbI CBOEI POIbio B YNOPSAOYEHU CTPYKTYpbI 6en-
KOBbIX MOMEKYN 11 B NOAAEPXaHUM LeNOoCTHOCTY Na3mMaTnyeckux
MembpaH [13].

Lunrynun (anrn.: cingulin — CGN ot nat.: cingere — okpy-
XaTb, OMOSICbIBATH) MMEET MONEKYNAPHYI0 Maccy npumepHo 150
k[a 1 cBasbiBaeT ZO-NpoTenHbl ¢ 6enkamu LuTonnasmbl, B YacT-
HOCTU C MMO3MHOM, obecneunBast TeM CaMblM CBS3b MIOTHbIX
KOHTaKTOB C LuTOCKeneTom [15].

7H6 — cTonb xe kpynHbIi ocdonpoTenH (155 kfa) — ot-
BeYaeT 3a HenpoHMLAeMOCTb MAOTHbIX KOHTAKTOB U Yy4acTBy-
€T B NOAAEPXaHUM WX SMEKTPUYECKOrO COMPOTWBAEHUS (AHMI.:
transendothelial electrical resistance — TER). Korga cogepxaHue
AT® B 30He NNOTHOTO KOHTaKTa nagaeT, 7H6 oTcoeanHseTcs OT
KOHTaKTa 1 yBenuuusaet npoHuaemocts 96 [13].

ACCOLMMPOBaHHBIA C KOHTAKTOM CnMpanbHO M3BUTON 6enok
(aHrn.: junction-associated coiled-coil protein — JACOP) yyacT-
BYeT B OpraHu3aLn Komnnekca ¢ LmTockeneTtom [6].

BEJIKW CLEMHbIX KOHTAKTOB

3a OTCYTCTBMEM B PYCCKOS3bIYHON NUTEPATYPE JKBMBANEHTa
aHrnuiickomy TepmuHy adherens junctions npeanoxuM CBoW Ba-
PUAHT — «CLIENHbIE KOHTAKTbI». OTW KOHTaKTbI Grike, Yem nnoT-
Hbl€, pacnosioxeHbl k 6asanbHoi MembpaHe.

TpaHcmembpaHHbIe 6enku cLuenHbIX KOHTakToB. Kagrepu-
Hbl (aHrn.: cadherins, ot CAlcium-Dependent adHEsion — kanb-
Luir-3aBrCMMast afreanst) LUMPOKO NPeACTaBneHbl B CLEMHbIX KOH-
Taktax. CBOOOAHbIE KOHLbI KafrepuHoB ABYX COCEAHMX KMETOK
B3aMMOAENCTBYIOT APYr C APYroM B NpUCyTCTBIN MOHOB Ca?* [37].
BHyTpn aHpoTennoumTa KaarepuH CBSi3aH C KaTEHUHOM, U Yepes
Hero — C aKTMHOM LMTOCKeneTa.

TpombouuTapHas Monekyna SHAOTENWamnbHOM KNeTO4HOM
apresun-1 (aHrn.: platelet endothelial cell adhesion molecule-1 —
PECAM-1) umeet maccy 13 k[la. PECAM-1 cuntaetcs UMMyHO-
rnobynnHOM, OH BMECTE C KaTEHMHOM (CM. HUXE) y4acTByeT BO
B3aNMOZENCTBUM NENKOLMTOB C KNeTKamu 3HAOTENUS MO3TOBbIX
kanunnspos [13].

Mepundrepnyeckne Genkn CLENHbIX KOHTAKTOB. KaTeHWHbI
(aHrn.: catenins oT nar.: catena — LeNb), @ UMEHHO KaTEHWHbI O U
B (cwuH.: nnakTornobun — plactoglobin), y v p120 (cuH.: o-catenin,
d-kaTeHuH) [3] obecneynBaloT cuenneHne ¢ LuuTockeneTom. Bos-
MOXHO, O-KaTEHUH Yepe3 - U y-KaTeHUHbI CBA3LIBAETCS C Kap-
FEPUHOM, a TOT COeMHSIET BECb KOMMEKC C LuTockeneTom [30].

KaTeHuH p120 cBAi3bIBaETCA C KaarepuHOM COCYAMCTOrO SHAOTE-
nus VE-kagrepuHom (aHrn.: vascular endothelial cadherin — VE-
cadherin) [8].

®EPMEHTATUBHbIA BAPLEP

BapbepHble (DYHKLMM BLIMOMHSIOT HE TOMBKO CTPYKTYPbI, HO
W aKTMBHO [eiCTBylOLMe BellecTBa. Hanpumep, katexonamu-
Hbl, LIMPKYNUpYIOLMe C KPOBbIO, B Criy4ae MpOXOXKAEHNS B MO3T
Mornn Bbl CyLECTBEHHO U3MeHUTb ero paboTy. MpoHukHOBEHNE
npegynpexnaloT npucyTcTeyloLLmMe B 30He 3B hepMeHTbl kaTe-
xon-O-meTuntpaHcdepasa (aHrn.: COMT) u MOHOaMWUHOKCMAa3a
(aHrn.: MAO), paspyLuaroLime katexonamuHbl. B obnactu 6apbe-
pa obHapyXeHbl 1 Jpyrue 3H3UMbI: TUPO3UHIMAPOKCUNAsa (aHr.:
tyrosine hydroxylase), amuHonentugasa (aHrn.: aminopeptidase),
apunamugasa (aHrn.: arylamidase) w aHkedanuHasa (aHrn.:
enkephalinase). B Lenom 3Ty COBOKYMHOCTb BELLECTB WMEHYHT
«pepmeHTaTUBHBIM Gapbepomy (aHrn.: enzymatic barrier) [14].

BELLECTBA, NOAAEPXWBAIOLLMUE LIENOCTHOCTb
BAPBEPA

BewectBa, npoayuupyembie 3HpoTenuem. Yactb Be-
LecTs, HeobxoouMbIX ANS MOAAepxXaHus LenoctHoctn OB,
NpoayLMpyeTcs KneTkamu 3HAOTENWUSt MO3rOBbIX KanumnsipoB.
K nx uucny oTHoCcATCS (hepMeHTbI: ageHunaTuuknasa (aHrn.:
adenylate cyclase), dpocdonunasa C (aHrn.: phospholipase C),
TUPO3NHKUHA3a (aHrn.: tyrosine kinase), npoTenHkuHasa C
(aHrn.: protein kinase C — PKC), Ca2*-3aBucuMas CEPUHNPO-
TeuHkuHasa (aHrn.: Ca?*-dependent serine protein kinase —
CASK), cemeiictBo manbix ['T®a3 (aHrn.: small GTPases)
accouumpoBaHHas ¢ MemOpaHOW ryaHunatkuHasa ¢ obpart-
HOWl OpWeHTaLMen OOMEeHOB MexOerkoBoro B3auMOLENCTBUS
(aHrn.: membrane-associated guanylate kinase with inverted
orientation of protein-protein interaction domains — MAGI-1,
MAGI-2 u MAGI-3). Opyras rpynna npefctaBneHa Genkamu-
HecbepmenTamu: G-bBenku (aHrn.: G proteins), perynstop ne-
pegaun curHana G-6enkamu-5 (aHrn. regulator of G-protein
signaling 5 — RGS5), MHOXecTBeHHblt PDZ-6enok-1 (aHrn.:
multi-PDZ-protein 1 — MUPP1), accouuvnpoBaHHbiin ¢ ZO-1
0enok, CBA3bIBAKLWWIA HYKEUHOBbIE KUCMOTbl (aHrm.: ZO-1-
associated nucleic acid-binding protein — ZONAB), kanbmoay-
nWH (anrn.. calmodulin — CaM) v paspenutenbHble AedekTHbIE
Genku (aHrn.: partitioning defective proteins — PAR3, PARG).
TpeTblo rpynny COCTaBNSOT BTOPUYHbBIE NOCPEAHWKM: LIMKNNYe-
Cknin ageHo3nHMoHodochat — UAMO (aHrn.: cyclic adenosine
monophosphate — cAMP) n nobl Ca?*[13, 32]. Bce aTu Belue-
cTBa HeoOXoauMbl AN COXPaHeHWs remMaToaHLedannyecknm
Bapbepom CBOWX M30MMPYIOLMX CBOWCTB, N MEXaHU3Mbl LEiACT-
BMSI HEKOTOPbIX 3aCMNyXWBaKT OTAENBHOMO PACCMOTPEHMS.

YacTb KNeTOK NOYEYHOrO ANUTENUS COEANHEHa MexXay cobol
NMOTHBIMW KOHTaKTaMu. TMPO3UHKMHA3A y4acTByeT B BOCCTAHOB-
neHnn noveyHoro bapbepa, HapyLLEHHOTo, Hanpumep, HegocTaT-
koM ageHosnHTpudochata AT® [38]. B obnacti NnOTHBLIX KOH-
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TaKTOB MPUCYTCTBYIOT Takxe HeobXoaumble AN NOLAEPXaHUs
Bapbepa npoTtenHkuHasbl PKC{ u PKCA, oHn BMeCTe ¢ apyrumu
Genkamu BHOCAT BkNag B nonspusauuto bapbepa — pasHOCTb
noTeHLManoB no ABe CTOPOHbI Hapbepa nMpensTcTByeT MpoXo-
XOEHMIO 3apshKeHHbIX BELLeCTB CkBO3b Hapbep [24]. PKC{ no-
MOraeT Morekyne MexkneTouHon agresuun-1 (aurmn.: intercellular
adhesion molecule 1 — ICAM — 1), koTopasl npu Heobxogumo-
cTn obneryaet nemnkoumtam nyTb ckeo3b 36 B mMoar [17]. B nog-
AEPXKaHWM YNOMSHYTOM pasHMLbl NOTEHLMANOB y4aCTBYeT Takke
coconunasa C [3].

[ns coeonHeHWs KOHLOB MOMEKYN KafrepuHoOB HeoOXOAMM
BbICOKMUIA YPOBEHb BHeKNeTouHoro Ca?*[37].

B noppepxanum uenoctHoctM OB y4acTBylOT CUHTE3WpY-
eMble KneTkamy 3HOOTEeNWUs MO3rOBbIX KanmunmnspoB afpeHoMe-
BynnuH (anrn.: adrenomedullin — ADM), aHrMOTEH3WH (aHrn.:
angiotensin — AT) v aHgoTenuH (aHrn.: endothelin — ET) [26].

KneTtkn rnum ynpasnstoT AuddepeHUMpoBKOA NEPULNTOB 1
9HOOTENMOLMTOB MO3roBbiX kanunnsapos [33]. AuddepeHumpos-
ka acTpouuTOB, B CBOK OYepelb, Perynupyetcs BeLlecTBamu,
BblpabaTbiBaeMbIMK KneTkamu dHAoTenus. B yacTHocTu, 3Tty
(OYHKLMIO BBIMOMHSET (hakTop NOLABMEHUS NEeAKeMUM (aHr.:
leukemia inhibitory factor — LIF) [29].

BeulecTBa, nogaepxueatowye LenocTHoCcTb 6apbepa, Tem
He MeHee He Bbl3bIBalOT U3MEHEHWI B NIOTHbIX KOHTaKTax, Ko-
TOpble MOXHO ObINo 6bl 3aMeTUTb NpU 3NEKTPOHHON MUKPOCKO-
num [21].

[MpoTeornukaH arpuH (aHrn.: agrin), CUHTE3MPYeMbIN KneTka-
MU ruK, Heobxoaum Ans Bo3HWkHOBeHUst OB B pacTyliem op-
raHuame [27], u, Kpome TOro, OH yyacTByeT B AncdepeHLMpoBKe
SHAOTENUOLMTOB.

ACTpOUMTBI  CUHTE3UPYKOT  @HTMOTEH3WHOreH  (aHrm.:
angiotensinogen — AGT), cparmMeHT (OKTanenTug) KOTOpOro
aHrnoteHsuH Il (ATIl), coegunHssce ¢ AT,-peLientopamn Ha MeM-
OpaHax KneTok aHAO0TENUs yCUnuBaeT ux HapbepHble yHKLMK.
OtcytctBue reHa AGT HapywaeT uenocTtHocTs ['Ob. Bocnane-
HWe NOJaBnsieT CUMHTE3 aHMMOTEH3MHOTEHa, ¥ MPOHNLAEMOCTb
Gapbepa pactet [42]. Okcnpeccusi AT,-peLenTopoB B acTpo-
yuTax, HaobopoT, CNocobCTBYET MOBLILIEHWIO MPOHWULAEMOCTH
36 [19].

AcTpouuTbl NOAaBRAT nponudepauuo T-xennepos, €cnm
OHU NMPOHMKAIOT CkBO3b Bapbep B Moar [20].

lMponcxoasiune 13 Me3ogepMbl NEpULUTLI MOKPbLIBAKOT NPK-
MEpHO YeTBEPTb HapYXHOW NMOBEPXHOCTW MO3rOBbIX Kanunnspos
[13]. B aTux kneTkax BblpaxeHa 93KCMPeccust COKpaTUTENbHbIX
NPOTENHOB, CrefoBaTeNbHO, OHW Y4acTBYKOT B perynsauun Mos-
roBbix cocyaoB [36]. MepuuuTbl Takke NOAAEPKNBAIOT YPOBEHD
TPaHCIHAOTENMarnbHOro anekTpudeckoro conpotusnenns (TER)
W TEM YCUNWBAIOT U30MMpYloLLMe cBoVicTBa Dapbepa. B nepuog
LM epeHLMpoBKI COCYA0B MO3ra NEPULMTBI CMOCOBCTBYIOT WX
cospeBaHnio [33]. OHM CTUMYNMPYIOT 3KCMPECCUID OKKMKAMHA
[22] v nogaBnsioT SKCNPECCUIO TKAHEBOrO akTUBaTopa NnasMunHo-
reHa (aHrn.: tissue plasminogen activator — tPA) [27].

HelTpodunbHble NENKOLMUTBLI KPOBU TaKKe y4acTBYHOT B pery-
nauMM NpoHnLaeMocTyn Bapbepa [23].
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KOrHUTUBHBIE AUCOYHKLIMX Y OPTONEAUYECKUX BOJIbHbIX
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Pe3stome. O630p NOCBSILLEH KOTHUTUBHBIM PACCTPOMCTBAM B NOCIE0NepaLyoHHOM NEPUOAE Y NaLMEHTOB OTAENeHMi
TpaBMaTONOrMM 1 opToneann. PaccMaTpuBalTCcs SNMAeMUONOrus, NPUYNHLI, NATOTeHe3 1 BO3MOXHbIE Crocobbl
NpouNakTUKK Pa3BUTMS NOCNEONEPaLMOHHOr0 AENMPUS KaK Y NOXMIbIX NaLWeHTOB, Tak 1 B NeAMaTpuyeckon
npakTtuke. MpegnaraeTcs NpUMeHeHWe LANTENbHO LeCTBYIOLWNX ONWUATOB B Ka4eCTBE KOMMNOHEHTA NPOLNEeHHOM
aNUAYpanbHO aHanresum u TWaTesNbHbIA KOHTPOMb CUCTEMHOI TEMOANHAMMUKN.

KntoyeBble cnoBa: KOrHUTUBHbLIE PACCTPONCTBA, NOCIEONEPaLMOHHbIN envpuin, pernoHapHoe obesbonusaxue,
MOPEUH.

COGNITIVE DYSFUNCTIONS IN ORTHOPEDIC PATIENTS

© Sergey V. Sokolov!, Dmitry V. Zabolotsky ?
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Summary. The review is devoted to cognitive disorders in the postoperative period in patients of the departments of
traumatology and orthopedics. The epidemiology, causes, pathogenesis and possible ways to prevent the development
of postoperative delirium are considered both in elderly patients and in pediatric practice. The use of long-acting opiates

as a component of prolonged epidural analgesia and close monitoring of systemic hemodynamics is suggested.

Keywords: cognitive disorders, postoperative delirium, regional anesthesia, morphine.

Mo paHHbIM BcemupHOM opraHn3aumm 3apaBoOXpaHEHNs
KOMWYECTBO OPTOMEAMYECKUX OMEepaLuilt Ha KPYMHbIX CyCTaBax
y MIOAEN NOXWMOro N CTapyecKoro Bo3pacTa NMeeT HEYKMOHHYH
TEHOEHUMIO K exerogHomy pocTy [2]. OaHOBpeMeHHO ¢ yBenu-
YEeHWEeM 4ucra ornepaunini Ha OMOPHO-ABWraTenbHOM annapate
Yy B3pOCHbIX PacTeT YUCNO OPTOMEANYECKO NaTomnoruu LEeTCKo-
ro Bo3pacTta W, Kak CNeACTBME, POCT OMepaTUBHOM aKTUBHOCTY
B obnactu aeTckoil TpaBmaTonorum u optoneauu [4]. Heapek-
BaTHOe 06e3060nMBaHNe OKa3blBAeT CyLIECTBEHHOE BMIMSIHME Ha
YBEMNUYEHNE YacTOTbl NOCNEONEPaLMOHHBIX OCMOXHEHWNA, B TOM
yucne NOCneonepaLmoHHbIX NCMX030B, POCT MaTepuarbHbIX 3a-
TPpaT KNUHWKKM W CHWKEHME BbIXMBAeMOCTH NauneHToB [3]. YacTo-
Ta pasBuTUs nocreonepaunorHoro aenvpus B OPUT cerogHs
BcTpeyaetcs y 20-80% GonbHbIx [15]. B opToneno-TpaBmatono-
TMYECKON MPaKTUKE OEenuUpui pa3BMBaAETCs Nocne 3HAOMPOTE3n-
POBaHWS KomneHHoro cyctasa B 13% cnyyaes, Ta306edpeHHOro

cyctaBa — B 26%, nocne 4BYCTOPOHHETO 3HLOMPOTE3MPOBAHUS
koneHHoro cyctaBa — B 41%, npu onepaTuBHbLIX BMeLLATENb-
CTBax Mo mosogy nepenoma wenku 6egpa — B 26-61% cryya-
eB [10]. B pe3ynbTate peTpoCnekTUBHOrO aHanu3a 6Gonee Tpex
TbiCAY MCTOPWUA 6OMnesHel nauneHToB, NepeHecLUMx ToTarnbHoe
SHAOMPOTE3NpOBaHNe Ta300eApeHHOro CycTaBa, YCTaHOBIEHO,
YTO KOTHWTMBHBIE HapyLUEHUs B MOCNEONepaLyoHHOM nepuoae
passunuckb y 12,6% naumeHToB. MocneonepauyoHHbIi Aenupuii
pernctpuposancs y 53,9% nauueHToB, UMEBLUMX KOTHUTWBHbIE
BUChyHKUMM [0 onepauun 1y 7,9% nauueHToB, Y KOTOPbIX UC-
XOBHBIX KOTHUTUBHBIX HApYLLEHUI BO BPEMS NPeAoNnepaLMoHHOro
TECTUPOBaHMS BbISBMEHO He BbIno. [lenvpuni valle Bo3HMKan no-
Cne onepaTUBHOTO NeYeHUs nepenoma NPoKCUManbHoOro oTaena
BenperHon koctn (24,3%), Yem y 60MbHbIX, ONEpUpOBaHHbIX B
cBs3u ¢ kokcapTpo3oM (11,7%) [1]. Cpeam dakTopos pucka pas-
BUTMS MOCNEONEPALMOHHOTO AENUPUS BbIAENSIOT pasperynmpo-
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BaHHYI0 TUMEPrNKEMMIO, UCXOLHOE Hamnuyne KOTHUTUBHOWM AMC-
(DYHKLMM, COMYTCTBYIOLLYIO COMATUYECKYK NATONOMI, BO3pacT
nauueHToB [9]. Kpome Toro, Ha pa3sutue nocrneonepayyoHHOro
[EnupuUs BRUSIeT HU3KWA CoumarnbHbIi cTaTyC nauueHToB [12].
CyLwectsytoT paboTbl, LEMOHCTPUPYIOLLME BIIUSHWE KaK BbICOKKX,
TaK 1 HU3KWNX 3HAYEHWII CPEQHErO apTepuanbHOro LaBMNeHUs UH-
TpaonepawLyoHHO Ha pUCK PasBUTHS KOTHUTUBHBIX SUCHYHKLMIA B
paHHeM nocreonepaunoHHoM nepuoge [14]. BoipaxeHHbin bone-
BOW CUHAPOM B paHHeM NocneonepaLyMoHHOM nepuoge u Heobo-
CHOBAHHOE Ha3HayeHWe LIMPOKOro cnekTpa hapMakonornyecknx
CPEACTB TaKkKe ABMAKTCA hakTopami pucka pasBuTUs Aenmpus
1]

Hanbonblwas vactota paseuTUS KOTHUTUBHBIX AMCHYHKLNNA
XapaKkTepHa Ans BO3PaCTHbIX NaLUWEeHTOB, OAHAKO AEenuUpui Mo-
KET BO3HWKHYTb B No6OM BO3pacTe, B TOM YMCHe Yy AeTel, Y Ko-
TOpPbIX Jenupuii pa3suBaeTcs B BO3PaCTHOW rpynne oT 4-5 ner.
Peub 1OeT 0 Tak Ha3bIBaEMOM [ETCKOM HEOTMOXHOM AEnMpuu,
pasBMBatOLLEMCS B Nepuofd MOCTHApKO3HOTO mpobyxaerus [11].
Taloke BbISIBNIEHa reHeTuYeckas npeapacnomnoXeHHOCTb K pa3Bu-
TUIO NOCNEONepaLMOHHOro Aenupus, He 3aBucsLLas oT Bo3pacTta
nawuueHTa u ero comartuyeckoro cratyca [8].

OCHOBHbIMW  3BEHbSIMW  BUOXMMUYECKNX MPOLLECCOB PasBy-
TUS KOTHUTWBHBIX AUCHYHKUMIA MPUHATO CUMTATb CreaytoLme:;
B pesynbTaTe HapyLIEHUs CUHTE3a, BblLENEHUS W MHAKTUBALMK
HEeNpOTPaHCMUTTEPOB, B 4aCTHOCTM MOBLILIEHNS YPOBHS [J0-
(hamnHa U CHWXEHUS YPOBHS aLEeTUIXOMMHA, YBENNYMBAETCS
B030yANMOCTb HEMpOHOB KOpbl TOMOBHOMO MO3ra, YTO MpUBO-
QT K pasBuTuio genvpus. B HacToswee Bpems 3Hauynmas ponb
Takux Hepomegmatopos, kak FAMK, sHOopdwuHbl, rmytamat u
rMCTaMUH, He [okasaHa. TpunTtodaH, SBMSAsCh aMUHOKUCMOTOMN,
KoTopasi aKTWBHO TPaHCMOPTWPYeTCs 4Yepes rematosHuedanu-
yeckuin bapbep, B pesynbTate MeTabonnyecknx npeBpaLleHui
TpaHCOPMUPYETCS B CEPOTOHWH U MenaToHWH. [MOoHMKeHHas
KOHLeHTpauus TpuntodaHa W, Kak pesynbTar, CepOTOHWHA W
MeflaToHMHa, CNocobCTBYET PasBUTUIO AeNUPUS TUNEPaKTUBHOIO
TUna. Beicoknin ypoBeHb TpUNTodaHa 1, COOTBETCTBEHHO, CEPO-
TOHWHA 1 MeNaToHWHa, CMOCOBCTBYET PasBUTMIO TMMOAKTUBHOMO
Tuna genupus. OBycnosneHbl N 3T 3heKTbl HENOCPEACT-
BEHHO CEPOTOHUHOM W MENaTOHMHOM WIU Xe OHU SBMSHOTCS
NPOSIBIIEHNEM HEMPOTOKCUYECKOTO 3dhheKTa MPOMEXYTOUHbIX
MeTabonuToB TpunTodhaHa B HACcTOsiLiee BPeMs He yCTaHOBre-
HO. ®PeHunanaHWH NPOHMKAEeT Yepes remaToaHuedanyeckni
Gapbep Takke, kak W TpunTodaH, SBASSCH €r0 aHTarOHUCTOM.
Bbicokoe copepxanue heHnnanaHmHa B TKaHW rofoBHOMO Mo3ra
MPUBOAUT K CHUXEHWIO KOHLEHTPALMIA CEPOTOHMHA 1 MENaTOHM-
Ha. B uutonnasme HeilpoHa deHunanaHuH TpaHchopMmpyeTcs B
L-TMPO3WH, KOTOPbIA TMAPOKCUNMPYETCS TUPO3UHIMAPOKCUIA30MA
¢ obpasosaHuem L-JODA, koTopblit ABNSETCS NPeaLLeCTBEHHN-
koM JocammuHa, HopagpeHanuHa u agpeHanuHa. MpuH[To cun-
TaTb, YTO BbICOKMA YPOBEHb (heHWNanaHnHa B TKaH rofnoBHOMO
Mo3ra obycrnoBnueaeT pa3sutue Lennpus. OKOHYaTENbHOro OT-
BeTa Ha BOMPOC, CBA3AHO N1 pa3BUTUE OEVPNS C MOBbILLEHNEM
YPOBHS HOpafpeHanuHa W JodamuHa, CHWKEHUEM CEPOTOHUHA
W MenaToHMHA UMK SBNSIETCA peanuaauyein 06omx MexaHn3MoB,

Ha CEerofHsALWHUA AeHb HET. BbIOpoc 3HauMTENBHOIO KOnMYecTBa
yntoknHoB (IL1, IL2, TNF) y nauneHTOB, HaXxogALWMXCs B Tsxe-
fOM COCTOSIHUM, MPWBOAUT K YBENINYEHWNIO CBEPTHIBAEMOCTH
kpoBu C 0bpasoBaHMEM MWKPO3IMOBOMOB, KOTOpble, nonagas B
LepebpanbHble CoCcyabl, 3HAYMMO CHUKAIOT MO3rOBOM KPOBOTOK,
4To CnocoOCTBYET PasBUTWIO MOCMEONEPALMOHHOMO LENUpus.
Kpome TOro, ycTaHoBneHa CBS3b MEXAY NOHWKEHHBIM YPOBHEM
aLEeTUIXOMNUHA M pasBUTMEM NOCHEONEPALMOHHBIX KOTHUTHUBHBIX
pacctpoitcte [13]. MocnegHune Heckonbko NET AokasaHa porb
PEervoHapHO aHecTe3un B CHWXEHUW CTPECCOPHOrO OTBETA Ha
OnepaLMOoHHYI0 TPaBMy, YTO CNocoBCTBYET CoxpaHeHuio BanaHca
HeMpoMeaNaTopOB LiEHTPabHOM HEPBHOM CUCTEMBI, @ C NosiBMe-
HWEM COBPEMEHHO BU3yanuanpytoLLen annapaTypbl 3T0T METOA
npuobpeTaeT LUMpokoe pacnpocTpaHeHue [7]. MepcnekTBHON
MeTOAMKOA YIyYLIEHNs KayecTBa MocneonepauynoHHoro obes-
fonvBaHus MOXET ABNATLCA NPUMEHEHUE pacTBopa MopduHa B
KayecTBe KOMMOHEHTa pernoHapHon aHanresuu. OnybnukoBaHbl
paboTbl N0 MPUMEHEHWIO pacTBOpa MOpdUHa AN1S ANuAYPanbHON
nocneonepaLoHHON aHamnre3nn Takux TSKENbIX onepayni, kak
amnyTauus BepXHeln KOHEYHOCTM MO NOBOAY OCTE0CapKOMbI Mrie-
ya y Jeten U SHAOMPOTE3NPOBAHME KPYMHbIX CYCTABOB HUKHNX
KOHEYHOCTeNn Yy B3pocnbIX [5, 6].

Takum 0Opa3om, MO [JaHHbIM WMMEKLLMXCS NIUTepaTypHbIX
nybnukauuin, npobnema pasBUTUS KOTHUTMBHBIX PaCCTPONCTB
B PaHHEM MOCMeonepaLyyoHHOM MepuoLe akTyanbHa, WMeeT
MHOrOaKTOPHYK STUOMOTMI0 M Ha HACTOSLLMA MOMEHT YHUBEp-
CamnbHOro peLLeHmns 3Toit Npobnembl He HangeHo. Mbl He MOXEM
MOBAMSATb HA UCXOAHBIA KOTHUTUBHBIA U COLMANbHbIA CTaTyC na-
LIMEHTOB, 3TO 3aa4M WHbIX roCyaapCTBEHHbIX CTPYKTYp. OAHaKo,
YUUTLIBAS fOKA3aHHYI0 3aBUCUMOCTb YacTOTbl PasBUTHS MOCMEO-
NepaLyoHHOro Jenvpuns oT BbIpaXeHHOCTW DONeBoro cuHgpoma
W MIHTPaoNepaLMOHHbIX TEMOLMHAMUYECKIX HApYLLEHWIA, criegyeT
obpallatb BHUMAHNE Ha MOHUTOPUHT U TLLATENbHYIO KOPPEKLUIO
WHTPAONEPaLMOHHON reMOAMHAMUKM, @ Takke MO NoKasaHusaMm
paclmMpsTb NPUMEHEHWE METOAOB pervoHapHoro obesbonmea-
HWSl, B TOM YMCIIe C NPUMEHEHUEM ANMTENBHO LEACTBYIOLNX ONi-
aToB, TaKMX, Kak MOP(UH B COCTaBE MPOAMEHHON dnNnaypasnbHON
aHanresun.
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NPABUNA ONA ABTOPOB

Yme. npuka3om u.o. pekmopa
®reQy BO CrierriMy Mu+sdpasa Poccuu om 23.06.16

HACTOALLME NPABUNA NA ABTOPOB
ABNAIOTCA U3OATENBCKUM AOrOBOPOM

Ycnosus HacTosLero floroopa (aanee «[JoroBopy) SABNSKOTCS
nybnnyHon odepToit B COOTBETCTBIM C M. 2 CT. 437 [paxgaHcko-
ro kogekca Poccuickoin ®epepaumun. [anHblid [Jorosop onpege-
NAeT B3aMMOOTHOLLEHUS Mexay pepakuuen xypHana «Russian
Biomedical Research» (ganee no texkcty «XKypHany), 3apernctpu-
poBaHHoro ®efepansHon cnyx0oi No Haa3opy B chepe CBA3M,
MH(OPMALMOHHBIX TEXHOMNOTWIA 1 MacCoBbIX KoMMYyHUkaumi (POC-
KOMHA[L30P), ceugetensctso: M Ne dC77-74228 ot 02 Hosibps
2018 1. (paHee M Ne TY78-01869 ot 17 mas 2016 r.), uMeHyemoil
B AanbHelwem «Pefakums» 1 SBRAIOLWENCs CTPYKTYPHLIM nogpa-
3penennem ®FE0Y BO CI6IMIMY Muxaapasa Poccuu, 1 aBTopom
WM aBTOPCKUM KONNEKTUBOM (MMM MHBIM NpaBoobnagartenem),
MMEHYEMbIM B JanbHedlem «ABTOpP», MpUHSBLIAM nyBrnyHoe
npeanioxeHue (ogepty) o 3aknoyeHun orosopa.

ABTop nepepaet Pepakuuu Ans u3gaHus aBTOPCKUMA opu-
TMHan WM pykonuch. YKasaHHblil aBTOPCKUIA OpurnHan gon-
XEH COOTBETCTBOBATb TpebOBaHMSAM, ykasaHHbIM B pasgenax
«MpepacTtaBneHne pykonucu B xypHany, «OchopmneHue pykonu-
cu». Tpu paccMOTPEHNUN MOMYYeHHbIX aBTOPCKMX MaTepuanos
YypHan pykoBoacTteyeTcst «EAMHbIMU TpeboBaHMAMM K pyKonu-
cAM, npeacTaBnsemMbiM B BuoMeanUnHCKkMe XypHansiy (Intern.
committee of medical journal editors. Uniform requirements for
manuscripts submitted to biomedical journals // Ann. Intern. Med.
1997; 126: 36-47).

B XypHane nevyatatotcsi paHee He onybnukoBaHHbIe paboTbl
no npocunto XypHana.

ypHan He paccmatpuBaeT paboTbl, peaynbraTbl KOTOPbIX
no 6onbluen yactn yxe bbinn onybnMKoBaHbl UNK OMKUCaHbI B
CTaTbsAX, NPEACTABMEHHbIX UMK NPUHATLIX ANS nybnukauun B
Lpyrve nevyaTHble UMK SNEKTPOHHbIE CpPeacTBa MacCOBOW WH-
copmaumn. MpepacTaBnss cTaThbio, aBTOP BCeraa LOMKEH CTa-
BWTb PEAAKLMI0 B N3BECTHOCTb 060 BCEX HampaBReHWsIX 3TOM
cTaTbi B NeYaTh W O NpeabIgyLwux nybamkaumax, KoTopble Mo-
ryT paccMaTpuBaTbCsl Kak MHOXECTBEHHbIE unu aybnupyrowne
nybnukauum Toi e camoi Unu oveHb 6nnskoit paboTel. ABTOP
BOMKeH YBeJOMUTb PEAaKLM0 O TOM, COGEPXNT N CTaTbs ykKe
onybnukoBaHHbIE MaTepuansl, U NPeA0CTaBNTb CChINKK Ha npe-
AblayLyto, 4yTobbl AaTh pefakumMm BO3MOXHOCTb MPUHATb pe-
LIeHWe, Kak NOCTYNUTb B AaHHOW cuTyauuu. He npuHumarloTcs
K neyaTu cTaTby, NpeacTaBnsLwne cobon oTAenbHble 3Tans
He3aBepLUEHHbIX CCMeJOoBaHUN, a Takxe CTaTby C HapyLUEHM-
em «[lpaBun 1 HOpPM rymaHHOro obpatulenus ¢ 6uoobbekTamm
nccneaoBaHumy.

PasmelleHne nybnukaLnit BO3MOXHO TOMbKO NOCHE Nonyye-
HWS MONOXMUTENBHOW PELIEH3MMN.

Bce cTaTbyu, B TOM 4ucre CTaTbW acMMPaHTOB U JOKTO-
paHTOB, Ny6nukyTCA GecnnaTHo.

Mogaya cTaTedt B XypHan «MegnaTp» oOCyLleCTBNseT-
€S TONbKO Yepe3 OH-nanH dopmy ¢ caita CMBIMIMY: http:/
gpma.ru/science/pediatr/ ¢ nometkon «ans Russian Biomedical
Researchy.

TpeGoBaHuA K oTNpaBKe cTaTel

Mepen 3anonHeHNeM aHKeTbl aBTOpaM PEKOMEHAYeTCS Noa-
rOTOBUTbL BCE HEobXoauMmble ANns BBOAA [LaHHbIE, @ TaKXKe Bbl-
BpaTtb aBTOpa (B Cnyyae konnekTusa aBTopoB ctatbm), OTBET-
CTBEHHOIO 3A TEPEMWCKY. [Ins ycnewHoro 3anonHeHns
aHKeTbl HE0OX0AMMO NMETb BCHK yKa3aHHY MH(OpMaLWo 1 Ha
PYCCKOM M Ha aHrmuickom asbikax!!!

Bce Ha3BaHWs Ha aHIMUIICKOM A3blKe, BKNOYAs Ha3BaHMA
CTaTbW, Ha3BaHWS YYpexAeHUR, UX NOoApasfeneHnii JOMKHbI
npuBOAMTLCA C 3arnaBHbix OykB (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) u HenpemeHHO B COOTBETCTBUM C
ouymanbHbIMU HaUMEHOBaHMAMM Be3 cCaMoesTENBHOCTH.

AHKeTHble JaHHble BCeX aBTOPOB — PO (MONHOCTLI0), yue-
Has CTeneHb, 3BaHue, AOMKHOCTb, MeCTO paboThbl (kadenpa, OT-
[eneHue), Ha3BaHWe yuYpexaeHus, agpec yupexaeHns, E-mail,
TenedoH, ®VO aBToOpa, OTBETCTBEHHOIO 3@ NEPENUCKY, U T.40. —
3anorHSTCSA B COOTBETCTBYHOLMX MONSX (OPMbI 3asiBKY.

Pestome, kntoyeBble CMOBa U Ha3BaHWe CTaTbl — TaKkxe 3a-
MOSNHAKTCS OH-NalH.

CraTbs NpefocTaBnsaeTcs B ANEKTPOHHON dhopme (painn MS
Word Bepcumn He cTapuwe 2003, T.e. ¢ paclwmpenunem doc, 3aap-
XWBMPOBaHHbIA B hopmar .zip, .rar).

®daiin ctatby HasbiBaeTca Gamunneit nepBoro aBTopa, Ha-
npumep, MeaHos.doc unu Petrov.doc

CtaTbsl fOMKHA COOTBETCTBOBATL Mpasunam 0opMieHns
cTateil K nybnukawumum (CM. Huxe)

K kaxpgon ctaTbe npunaraetcs aitn OkcnepTHoro 3a-
kntouennsa (33). Ons astopos CI6IMTIMY 33 moxeT TOnbkoO
NOANMCLIBATLCSA aBTOpaMW CTaTbW, nevaTb HeobszaTenbHa.
[ns aBTOpOB Apyrux yupexaenuin — 33 ocdopmnsercs 06s-
3aTeflbHO MOJSIHOCTbI, C MeyaTamu (Kpyrnas nevaTb yype-
XOEHUS) 1 NMOANUCAMW PYKOBOAWTENEN W KOMUCCWIA LAaHHOrO
yupexaeHns. 3anonHeHHbIR, NOAMNCAHHbBIA 1 «OneYaTaHHbIny
O3 Ans 0TNpaBKu OH-NanH NpeaBapuTEnbHO CKaHUPYeTes Unu
totorpadupyetcs. Obpasey, 33 MOXKHO 3anpoCKTb MO agpecy:
scrcenter@mail.ru
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OTnpaBrneHHble aHKETHble [aHHble aBTOpoB, CTaTbsl, I3
noctynatot Ha E-mail aBTopy-oTnpasuTento (ans nogreepxae-
HWUSI 1 NPOBEPKM OTnpaBkW) U Ha E-mail pepakuum scrcenter@
mail.ru TexHnyeckomy pegaktopy xypHana «Russian Biomedical
Researchy, ¢ koTOpbIM OCYLLECTBNSAETCS BCS AanbHeWwas pabo-
Ta N0 NOArOTOBKE CTaTbi B NeYarb.

Bce Bonpockl no oTnpaBke cTaTeil MOXHO afpecoBaTb Ha
3MNEKTPOHHbIN agpec screcenter@mail.ru TexHu4yeckomy peaakTo-
py xypHana «Russian Biomedical Research» Mapun AnekcaHg-
poBHe [MaxomoBoWn.

Pykonuch cuntaetcs noctynueluen B Pegakuyuto, ecnu oHa
npeAcTaBneHa KOMMMEKTHO W 0opmreHa B COOTBETCTBUN C
onucanHbiMu TpeboBaHuamM. MpefBapuTenbHOe paccMoTpe-
HWe pyKonucK, He 3aka3aHHon Pegakumen, He sBnseTcs hakTom
3aKMYeHns MexXay CTopoHamu usaatenbckoro [Jorosopa.

Mpn npeactaBneHun pykonuck B XypHan ABTOpbI HecyT
OTBETCTBEHHOCTb 3@ PacKpbiTWe CBOMX (MHAHCOBBLIX U APYTUX
KOH(MUKTHBLIX MHTEPECOB, CMOCOBHBIX OKa3aTb BAMSHWE Ha UX
paboty. B pykonucu fomkHbl 6bITb yNOMSHY TbI BCE NWLA 1 opra-
HW3aLmK, oka3aBLuWe hUHAHCOBYIO NOLAEPKKY (B BUAE FPAHTOB,
obopynoBaHus, NekapcTB WKW BCEro 3TOTO0 BMECTe), a Takke
Apyroe hHaHCOBOE WIN NIMYHOE yyacTue.

MpaBuna opopmneHus ctaten kK nyb6nmkayum

1. CraTba npepocTaBnsieTc B 3NEKTPOHHOW ¢hopme
(dpaintn MS Word Bepcum He cTapwe 2003, T.e. ¢ paclnpeHnem
doc, 3aapxvMBMpOBaHHLIN B hopmart .zip, .rar), Wpnudt — 14, nH-
TepBan — nonyTOpPHbIA.

®ain cTatbu HasbiBaeTcs no damunuu nepBoro aeTopa,
Hanpumep, WBaHos.doc unu Petrov.doc. Hukakux gpyrux cnos B
Ha3BaHWN He JOMKHO ObITh!

OpweHTUPOBOYHbI pa3Mep CTaTby, BKMOYas ykasaTenb nute-
paTypbl, Tabnuubl 1 pestome, — 10-12 cTp. TeKCTa Yepes NonTo-
pa uHTepBana unu 20-25 Teicay 3HakoB ¢ npobenamu. PekomeH-
Lyemblin pasmep 063opa — 18-20 cTpaHuL «MaLUMHOMMCHOTOY
TekcTa unn 35-40 Tbicsy 3HakoB ¢ npobenamu. MpumepHoe Yu-
CI10 NIUTEPATYPHbIX CChINOK AN 9KCNEPUMEHTANBHON CTaTb —
20, ons 0630poB ¥ npobnemHbix ctaten — 50.

®daiin cTatby JOoMKeH coaepxaTb

*  HasBaHWe CTaTby (PYCCKOe M aHTTMIACKO.);

* OWNO aBTOPOB Ha PYCCKOM W aHTIMICKOM SI3bIKe;

*  TeKCT cTaTby, BKNtoYas TabnuLbl U PUCYHKN HENOCPELCTBEH-
HO B Tene CTaTbM, Kaxabl U3 KOTOPbLIX UMEET HOMEp M Ha3Ba-
Hue ¢ 06s3aTenbHBIMM CCbINKaMu Ha HUX B TEKCTe cTaTb —
B KOHTEKCTE MpeanoxeHus (Hanpumep: «...kaK nokasaHo Ha
PUCYHKe 1...») UNK B KOHLE NPEAnOXeHUs B KpYribix Ckobkax
(Hanpumep: «...BbISIBNEHa NONOXUTENbHAsA KOpPPENsALNOHHas
CBA3b yMepeHHoW cTenenun (r=0,41) mexay ypoBHem TTI
MaTepu 1 HOBOPOXAEHHOrO (puc. 2)2); mpockba y4nTbIBaTS,
YTO B MEYaTHON BEpCUM XypHana pucyHku ByayT BOCMpPOM3-
BOAMTLCS B YepHO-6enom BapuaHTe.

*  CMUCOK NuTepaTypbl 06s3aTensHo B andyaBUTHOM nopsake
(cnepBa BCe 0TEYECTBEHHbIE MOTOM MHOCTPAHHbIE aBTOPbI (CM.

MYHKT 5) ¢ AONONHUTENBHLIM TPaHCIUTEPUPOBAHHBLIM CTIUCKOM
(MeToaMKa TpaHCTMTepaLUn onnucaHa NoapoGHO HXKe).

2. TekcT cTaTbk JOMKEH ObITb MOArOTOBIIEH B CTPOrOM CO-
OTBETCTBMM C HACTOALMMM NPaBUIaMu 1 TLATENbHO BbIBEPEH
aBTopoM. B cnyyae obHapyxeHWs 3Ha4YNTEeNbHOro Konn4yecTsa
oneyaTok, HeBpexHOCTel, MyHKTyaLUMOHHbIX 1 opdorpadm-
Jeckux owmnbOoK, HepaclMdpOBaHHbIX COKpALLEHUI, OTCYTCT-
BMS OCHOBHBIX KOMMOHEHTOB W [PYruX TEXHUYEeCKux [edeKToB
oopmneHns cTaTen pepakuyns BO3BpaLlaeT CTaTbl aBTOPY
Ans gopabotku. Heborblme NOrpewlHoCTM peaakuus MOXeT
ncnpaBuTb cama 6Ge3 cornacoBaHus ¢ aBTopoM. Kpome Toro,
pedakuns octaBnseT 3a coboi NpaBo OCYLLEeCTBEHNS nuTepa-
TYPHOrO pefjakTMpoBaHus cTaTemn.

CokpalleHui, kpome obLeynoTpebnsemsix, cnegyet usbe-
raTb. CoKpalleHns B Ha3BaHWUW CTaTby, Ha3BaHMsX Tabnuy u pu-
CYHKOB, B BbIBOZAX HeJonycTumbl. Ecnv abbpesuatypbl ncnonb-
3YK0TCS, TO BCE OHW JOMXKHbI BbITb HEMPEMEHHO pacLUUdpPOBaHbI
MOMTHOCTBIO MPW NEPBOM WX YNOMWHaHUM B TeKcTe (Hanpumep:
«Hapsgy ¢ gaHHbiMu 0 POH (pe3nayanbHo-opraHnyeckon He-
[ocTaTouHOCTH), 0bycnosnuBatoler passutue NKC (runepkune-
TUYECKOro CHHAPOMA), PacLUMPeH Anana3oH UCCReA0BaHNA Nno
9HAOreHHON Npupoge AaHHOMO CUHAPOMAY.

3. Bce umtMpoBaHus Npou3BOAATCS Creayowmum obpasom:

®WO aBTOpa, rog M3gaHus U npovas MHPopmaLus He yno-
MUHaKTCH B TekcTe. BmecTo aToro ykasbiBaeTcs CChifika Ha
WCTOYHUK NIUTEPaTYpbl B BUOE HOMepa B KBagpaTHbIX Ckobkax
(npumep: «Psag nccnefoBateneit 0TMeYaeT pasnnyHbIe HapyLue-
HWS peyeBbIX DYHKLWIA Npu anunencun B 4eTckom BospacTe [17,
21, 22].»), KOTOpPbI BKIOYEH B pacCTaBMNeHHbLIA B angasuTHOM
nopsigke CrMCOK MCTOYHWKOB B KOHLE CTaTbM.

Bce CCbInKM [OMKHBI UMETb COOTBETCTBYIOLMIA NCTOYHUK
B CMIMCKe, @ KaX bl UCTOYHUK B CIUCKE — CCINKY B TEKCTE.

4. B BMae WCKIIOYEHMS B TEKCTe MOTyT npuogutbes PUO
KOHKpeTHbIX aBTopoB B hopmate U. O. damunns, rog v gaxe Ha-
3BaHNE UCTOYHWMKA, HO MPY 3TOM BCE paBHO 0bs3aTenbHa CCbin-
ka (B kBagpaTHbIX CkobKax B KOHLIE NPEANOKEHNS) HA UCTOYHUK,
BKMIOYEHHDIV B CIMCOK NTUTEPATYpbI.

(Hanpumep: «B 1892 rogy Benuknit IpacTt famunbTOHCKMNIA
onucan B cBoem 6eccmepTHom Tpyae «O6 OTKpbITUN TPeTbero
yXa y yenoseka» TpeTbe (HenapHoe) yxo [34].»)

5. lutepatypa (References)

YuutbiBas TpeboBaHUs MeXAyHapoaHbIX CUCTEM LUTUPO-
BaHWs, CMIMCOK NNTepaTypbl NPUBOAUTCA HE TOMbKO B 0BbIYHOM
BUZe, HO TaKkxe U JONOMHNTENbHO B TPAHCIIUTEPUPOBAHHOM (CM.
n. 5.9. TpaHcnutepayus).

B cTaTbe NpuBOAATCS CCbIMKM HA BCE YNOMUHAEMbIE B TEK-
CTe UCTOYHMKM.

damunuu 1 WHULManbl aBTOPOB B MPUCTATEMHOM CMUCKE
npuBOAATCA B andaBuTHOM NOPSAKE, CHa4yana pycckoro, 3atem
naTuHcKoro andasua.
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B onucaHum ykasblBaloTCs BCe aBTopbl Ny6nukaLmm.

Bubnuorpaduyeckue cCbifikn B TekcTe CTaTbi JaloTcs B
KBaapaTHbIX CKObKax.

Ccbinkn Ha HeonybnnKkoBaHHbIe paboTbl He JOMYCKaTCS.

Cnucok nuTepaTypbl KOMNNEKTyeTCA B creaytoLeM no-
papke:

5.1. HopmamueHbie akmbl

MpwKasbl, HOPMATUBHbIE aKTbl, METOANYECKIME NUCbMA W MPO-
e 3aKOHHbIE aKTbl, NaTEHTbI, NOME3HbIE MOAENN He BHOCATCS B
CMUCOK NUTEPaTypbl, 0OPOPMASIOTCS B BUAE CHOCOK. CHOoCka —
npuMMeyaHue, noMeLlaeMoe BHU3Y CTpaHULbl (MOCTPaHW4Has
CHOCKa). 3HaK CHOCKM CTaBAT LMo nocne gparMeHTa OCHOB-
HOro TeKcTa, rAe ecTb ynoMuHaHue 06 3Tux UCToYHMKax. Peko-
MEHAYeTCS CKBO3HAas HyMepaLs CHOCOK MO TEKCTY.

5.2. MlnmepHem-pecypc

1. WHTepHeT-pecypc, rae ecTb Ha3BaHWE WCTOYHWKA, aB-
TOP — BHOCWTCS B CMUCOK NIUTepaTypbl (B nopsiake andasunTa) ¢
ykasaHueM Aatbl 06palLeHns (CM. Huke npumep 0popMIEHUS).

2. Ecnu eCTb TOMbKO CCbINKa Ha CalT — BHOCUTCS B CINCOK
nuTEpaTypbl B KOHLE, C yka3aHueM AaTbl 0bpalleHus.

LLlernos . Hackonbko Benuka ponb MUKpodnopbl B 6uorno-
rMn BuUAa-xo3suHa? XuBble CUCTEMbI; HayYHbIA 3MEKTPOHHBINA
xypHan. [octynen no: http://lwww.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (gata obpalenuns 02.07.2012).

Kealy M. A, Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at: http://www.
biomedcentral. com/1471-2393/10/47/ (Accessed 11.09.2013).

5.3. KHuea:

ABTOp(bl) Ha3BaHWe KHWUTW (3HAK TOYKa) MECTO M3daHus
(oBOETOYME) Ha3BaHMEe M3gaTenbCcTBa (3HAK TOYKa C 3ansTown)
roA usganus. Ecnv B kauecTse aBTopa KHUIM BbICTYNaeT pefak-
TOP, TO NOCne amunuu creayer pea.

AinamassH 3. K., Hosukos b. H., 3anHynusa M,.C., Manuk-
ka I. K., Pabuesa W. T., TapacoBa M. A. AKyLiepcTBo: y4eOHUK.
6 na3a. CI6.; 2007.

MpeobpaxeHckuin b. C., Temkun A.C., Iuxaues A.l. bonesxu
yxa, ropna u Hoca. M.: Meaunuunra; 1968.

PapgauHckuit B. E., pea. MepuHeonorus: y4ebHoe nocobue.
M.: PYOH; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. N Y:Mosby; 1998

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

5.4. [naea u3 kHuau:

ABTOp(bl) Ha3BaHWe rna.bl (3HaK To4ka) B kH.: unu In; ganee
onucaxue kHur [ABTOP(bl) Ha3BaHWe KHWM (3HaK TOYKa) MECTO
“3[aHus (ABOETOYME) HA3BaHME U3faTenbCTBa (3Hak Touka ¢ 3a-
NATON) rof n3gaHus] (4BOeTOYMnE) CTp. OT U AO.

KopobkoB "A. Temn peun. B kH.. CoBpeMeHHble Npobnembl
tuanonorum v natonorum peun: ¢b. Tp. T. 23. M.; 1989: 107-11.

5.5. Cmambs us XypHana:

ABTOp(bl) Ha3BaHWe CTaTbM (3HAK TOYKA) Ha3BaHWeE XypHana
(3Hak TOYKa) rog U3gaHus (3HaK ToUKa C 3ansaToi) TOM (eCrnu ecTb

B KpYrmbix ckobkax HOMep XypHana) 3aTeM 3Hak (ABOeTouYue)
CTpaHuWLbl OT U J0.

KuptoweHkos A.M., Cosun M.I., MBaHosa I1.C. MonukucTos-
Hble ANYHWKK. AKyLwepcTBo 1 ruHekonorus. 1994; N 1: 11-4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord
injection with autogenous fat: a long-term magnetic resona.
Laryngoscope. 1996; 106(2,pt I): 174-80.

Simpson J. et al. Association between adverse perinatal
outcomes and serially obtained second and third trimester MS
AFP measurements. Am. J. Obstet. Gynecol. 1995; 173: 1742.

Deb S., Campbell B. K., Pincott-Allen C. et al. Quantify-
ing effect of combined oral contraceptive pill on functional
ovarian reserve as measured by serum anti-Miillerian hor-
mone and small antral follicle count using three-dimension-
al ultrasound. Ultrasound. Obstet. Gynecol. 2012; 39 (5):
574-80.

5.6. Teauck1 doknados, Mamepuasbl Hay4YHbIX KOHGhePeH Ul

babuin A.W., Jlesawos M.M. HoBbii anropnt™ HaxoxaeHus
KynbMWHALMK SKCMEPUMEHTAmNbHOMO HUCTarMa (MUHUMETPHS).
[l cbesn otopuHonapuHronoros Pecn. benapyckb: Tes. gokn.
MwuHck; 1992: 68-70.

Canos W.A., MapwrywkuH [.H. Akywepckas TakTuka npu
BHYTpuyTpOGHOM rnbenu nnoga. B kH.: Matepuansi IV Poccui-
ckoro chopyma «Matb u guts». M.; 2000; u. 1: 516-9.

5.7. Aemopeghepame!:

MeTpoB C.M. Bpems peakuuu n cnyxoBas agantauus B HOp-
Me 1 Npu nepuhepuyeckux nopaxeHusx cnyxa. Astoped. auc...
kaHg. med. Hayk. CI16.; 1993.

5.8. lpoyee

World Health Organization. Prevalence and incidence of
selected sexually transmitted infections, 2005 global estimates.
Geneva: World Health Organization; 2011.

5.9. TpaHcnumepayus

Cnucok nutepaTtypbl NoAaeTcs B ABYX BapuaHTax: nep-
BbI Ha A3blKe OpuriMHana (pycckos3blYHbIE MCTOYHUKN KNpWII-
nuuei, aHrnos3blYHbIe naTuHulen), BTopoir — (References) B
poMaHckom andasute (4Ns SCoOpUs M APYrux MexayHapoa-
HbIXx 0a3 AaHHbIX, MOBTOPSS B HEM BCE UCTOYHUKN NUTEpaTy-
Pbl, HE3aBMCUMO OT TOTO, UMEKOTCS NN CPeaM HUX MHOCTPaH-
Hble. Ecrnn B cnncke ecTb CCbINKM HA MHOCTPaHHble nybnuka-
L1, OHU MOMHOCTbIO NOBTOPSKOTCA B CMNCKE, TOTOBALEMCS B
poMaHckom andasure.

B pomaHckom andasute 4ns pyccKos3blYHbIX UCTOYHUKOB
TpebyeTcs cnegyrowas cTpykTypa 6ubnuorpadmyeckon ccbin-
ku: aBTop(bl) (TpaHcnMTepaLms), [NepeBoA Ha3BaHUsA KHUTW N
CTaTbll Ha aHIMUIACKIIA A3bIK], Ha3BaHWe UCTOYHMKA (TpaHCnUTe-
pauus), BbIXOAHbIE AaHHbIE B UuhpoBOM (hopmarte, ykasaHue Ha
A3blK cTaTby B ckobkax (in Russian).

Mpumep:

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

TexHonorus NOAroTOBKM CCbINOK C UCMONb30BAHUEM CU-
CTeMbl aBTOMaTUYeCKOI TpaHCNIUTEPaALIMK U NepeBOAYMKa:
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Ha caitte http://www.translit.ru moxHo 6ecnnatHo BoCnosb-
30BaTbCA NPOrpamMMoil TPaHCANTEPaLMKM PYCCKOro TekcTa B na-
TUHULY. MporpamMma o4eHb NpocTas.

Bxogum B nporpammy Translit.ru. B okoLke «BapuaHTbI» Bbl-
Bupaem cuctemy TpaHcnutepauyun BGN (Board of Geographic
Names). BctaBnsiem B cneumanbHoe nomne Becb TekCT 6ubnmo-
rpacun Ha pyCCKOM S3bIKE U HAXMUMAaEM KHOMKY «B TPAHCANTY.

Konupyem TpaHCAWTEPUPOBAHHbLIA TEKCT B FOTOBALMICS
cnucok References. lMepeBoanM Ha aHrIMNCKWIA S3bIK Ha3Ba-
HWe KHWUIW, CTaTbW, NOCTAHOBIIEHUS W T.4., NEPEHOCUM Ero B
rotoBsiluiAca cnucok. BHumaHue! Heobxooum aBTOpCKMiA
KOPPEKTHbIN nepeBod Ha3eaHus. ABTOMAaTMYECKUA nepeBof,
npegnonararwLyit BO3MOXHOE NCKaXeHWe CyTU HasBaHus cTa-
TbU, HEAONYCTUM.

ObbeaunHsem onucaHus B COOTBETCTBUN C NPUHATLIMK Npa-
BUNaMM W pedakTUpyeMm CMUCOK. B KOHLE CCbINKKM B KPyrmbix
ckobkax ykasbiBaeTcs (in Russian). Ccbinka rotosa.

Mpumepbl TpaHCANUTEPALMM PYCCKOA3BIYHBIX WCTOYHWUKOB
nuTepaTypbl ANS aHrNoA3bIYHOro 6noka cTaTbm.

KHuea: Avtor (y) Nazvanie knigi (znak tochka) [The title of the
book in english]. mesto izdaniya (dvoetochie) nazvanie izdatel'st-
va (znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G. Bolezni
ukha, gorlainosa [Diseases of the ear, nose and throat]. M.: Med-
itsina; 1968. (in Russian).

Radzinskiy V. E., ed. Perioneologiya: uchebnoe posobie [Per-
ineology tutorial]. M.: RUDN; 2008. (in Russian).

[masa us kHueu: Avtor (y) nazvanie glavy (znak tochka) [The
title of the article in english]. In: Avtor (y) nazvanie knigi (znak
tochka) mesto izdaniya (dvoetochie) nazvanie izdatel'stva (znak
tochka s zapyatoy) god izdaniya]. (dvoetochie) str. ot i do.

Korobkov G. A. Temp rechi [Rate of speech]. V kn.: Sovremen-
nye problemy fiziologii i patologii rechi: sb. tr. T. 23. M.;1989:107-
11. (in Russian).

Cmames u3 xypHana: Avtor (y) nazvanie stat'i [The title of the
article in english] (znak tochka) nazvanie zhurnala (znak tochka)
god izdaniya (znak tochka s zapyatoy) tom (esli est' v kruglykh
skobkakh nomer zhurnala) zatem znak (dvoetochie) stranitsy ot i do.

Kiryushchenkov A. P., Sovchi M. G., Ivanova P. S. Polikis-
toznye yaichniki [Polycystic ovary]. Akusherstvo i ginekologiya.
1994; N 1: 11-4. (in Russian).

Tesucki doknados, Mamepuasbl Hay4YHbIX KOHepeHyul

Babiy A. I, Levashov M. M. Novyy algoritm nakhozhdeniya
ku'minatsii eksperimental'nogo nistagma (minimetriya) [New
algorithm of finding of the culmination experimental nystagmus
(minimetriya)]. Il s»ezd otorinolaringologov Resp. Belarus’: tez.
dokl. Minsk; 1992: 68-70. (in Russian).

Salov I. A., Marinushkin D. N. Akusherskaya taktika pri vnu-
triutrobnoy gibeli ploda [Obstetric tactics in intrauterine fetal
death]. V kn.: Materialy IV Rossiyskogo foruma «Mat' i ditya». M.;
2000; ch.1:516-9. (in Russian).

Asmopecpepamel

Petrov S. M. Vremya reaktsii i slukhovaya adaptatsiya v norme
i pri perifericheskikh porazheniyakh slukha [Time of reaction and

acoustical adaptation in norm and at peripheral defeats of hear-
ing]. PhD thesis. SPb.; 1993. (in Russian).

OnucaHue MHmepHem-pecypca

Shcheglov |. Naskol’ko velika rol’ mikroflory v biologii vi-
da-khozyaina? [How great is the microflora role in type-owner
biology?]. Zhivye sistemy: nauchnyy elektronnyy zhurnal. Avail-
able at: http://www.biorf.ru/catalog.aspx?cat_id=396&d_no=3576
(accessed 02.07.2012). (in Russian).

6. Mpumep cnucka nuTepaTypbl, BKNIOYAKLWEro TpaHe-
NUTEPUPOBaHHbII BapuaHT:

JIUTEPATYPA

1. Kodwmapn WN.A. TeHeTnyeckas yCToM4MBOCTb K 3apaxenutio BUY un
passutuio CIMUI B nonynsauusx Poccun n conpegenbHbIX rocy-
papcTs. ABToped. auc... kaHa. uon. Hayk. M.; 2008. locTyneH no:
http://www.dnatechnology.ru/ files/images/d/0b136b567d25d4be1df
a26a8b39ec2b9.pdf (nata obpaweHus 18.09.2014).

2. Hukonaesa W.A., MakcumoBa H.P., Hukonaesa T.A., MNy3bipes B.M.
[eneynoHHbIN NONMMOpPdM3M reHa peLenTopa XeMOKUHA 5 1 puck
pasBUTUS PacCesHHOro cknepo3a B AKyTUW. FAKYTCKUIA MeauLyH-
ckuit xypHan. 2007; 2 (18): 10-12.

3. Ghorban K., Dadmanesh M., Hassanshahi G., Momeni M., Zare-
Bidaki M., Arababadi M.K., Kennedy D. Is the CCR5 A 32 mutation
associated with immunesystem-related diseases? Inflammation.
2013; 36 (3): 633-42.

4. Hinks A., Martin P., Flynn E., Eyre S., Packham J. Childhood
Arthritis Prospective Study (CAPS), UKRAG Consortium, BSPAR
Study Group, Barton A., Worthington J., Thomson W. Association
of the CCR5 gene with juvenile idiopathic arthritis. Genes Immun.
2010; 11 (7): 584-89.

5. ..

6. ...

.o
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[Genetic resistance to HIV infection and development of AIDS
in populations of Russia and neighboring countries]. PhD-the-
sis. M.; 2008. Available from: http://www.dna-technology.ruffiles/
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Deletsionnyy polimorfizm gena retseptora khemokina 5 i risk
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in the gene for the receptor of the chemokine 5 and the risk of
developing multiple sclerosis in Yakutia]. Yakutskiy meditsinskiy
zhurnal. 2007; 2 (18): 10-12. (in Russian).
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4. Hinks A., Martin P., 4. Flynn E., Eyre S., Packham J. Childhood
Arthritis Prospective Study (CAPS), UKRAG Consortium, BSPAR
Study Group, Barton A., Worthington J., Thomson W. Association
of the CCR5 gene with juvenile idiopathic arthritis. Genes Immun.
2010; 11 (7): 584-89.

Etc.

7. Ewe pa3s HanomMuHaem, 4To pUCYHKM, CXEMbI, hoTorpacum n npo-
YN MNNKCTPATMBHBIA MaTepuan B neyaTHo Bepcum xypHana Oy-
[T BbINONHEH B YepHO-6eMoM BapuaHTe.

[ns ecex cmamel, umeroujux DOI, uHdekc Heob6xodumo
yKa3bleamb € KOHUe 6ubnuozpaghuyecko20 onucaHusl.

OTBETCTBEHHOCTb 3A MPABUINIbBHOCTb BUBINKNO-
FPAOUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE NPABO
Pegakums oTbupaet, rotoBuT K nybnukauuu n nybnmkyert

nepefaHHble ABTOpamu maTepuarnsl. ABTOPCKOE NpaBo Ha KOH-

KPETHYI0 CTaTbl0 NPUHAANEXUT aBTOpaM CTaTbu. ABTOPCKNNA ro-

Hopap 3a nybnukauuu ctaTeir B XXypHane He BbinnayuBaeTcs.

ABTOp nepepaet, a Pegakuus npuHuMaeT aBTopckue maTtepua-

Nbl Ha CNegyrLwmMX YCIoBusX:

1) Pepakuun nepefaetcs npaBo Ha 0GOPMIEHUe, U3faHwe,
nepegavy XypHana ¢ onybnukoBaHHbIM MaTepuanom ABTo-
pa 4na uenen pedepupoBaHusa ctaten 13 Hero B Pedhepa-
TMBHOM XypHane BUHUTW, PHWL, n 6a3ax gaHHbIX, pacnpo-
cTpaHeHue XypHana/aBTOpCKMX MaTepuarnoB B NeyvaTHbIX 1
ANEKTPOHHbIX U3AAHNAX, BKMOYAS pasMeLLleHne Ha BbibpaH-
HbIX MO0 co3aaHHbIX Pepakuueit cantax B ceT MHTEpHET
B Llensx AocTyna K nybnukauum B MHTEPAKTUBHOM peXunMe
ntob0oro 3aMHTePecoBaHHOrO NuLia 13 Nboro MecTa u B Mko-
Boe Bpems, a Takke Ha pacnpocTpaHeHue XypHana ¢ ony-
BrmkoBaHHbIM MaTepuanom ABTopa no NOAMMCKe;

2) TeppuTOopus, Ha KOTOPOW paspellaeTcs MCnonb3oBaTh aB-
Topckuin maTtepuan, — Poccuitckas ®egepauus u cetb WH-
TEPHET;

3) cpok gencteus Jorosopa — 5 ner. 1o ucTeueHumn ykasaH-
HOro cpoka Pepakums ocTasnset 3a coboit, a ABTOp noja-
TBEPXAaeT 6eccpoyHoe NpaBo Pefakuuu Ha NpofomKeHUe
pa3MeLLeHUst aBTOPCKOro Matepuana B ceti IHTepHeT;

4) Pepakumsa Bnpase Mo CBOEMy YCMOTpeHuto 6e3 kakux-nbo
cornacoBaHuit ¢ ABTOPOM 3akIKouaTb AOrOBOPbI W COornaLle-

HWS C TPETLUMU NULLAMW, HANPaBNEHHbIE HA AOMONHNTENb-
Hble Mepbl MO 3alLnTe aBTOPCKNX WU U3LaTeNbCKUX Npas;

5) ABTOp rapaHTupyeT, YTo ucnonb3oBaHue Pepakumen npe-
[OCTaBMEHHOro UM Mo HacTtosiwemy [1oroBopy aBTOPCKOro
MaTepuarna He HapyLUMT nNpaB TPETbUX NuL;

6) ABTop ocTaBnsieT 3a coboit NpaBo WCNonb30BaTb NPeRo-
CTaBMeHHbI No HacTosweMy [loroBopy aBTOpCKMiA MaTepy-
an camoCTosTeNbHO, NepefaBaTh NpaBa Ha Hero no 4oroBo-
py TPETbUM nMLaM, ECIN 3TO HE MPOTUBOPEYMT HACTOSLLEMY
[Jorosopy;

7) Pepakuus npegoctaBnsieT ABTOPY BO3MOXHOCTb 0€3B03-
ME3[HOro MONyYeHMsl CNpaBKku C ANEKTPOHHBIMW afpecamy
ero ouymansHon nybnukauyum B cetn VHTepHeT;

8) npw nepenevaTke CTaTbW WK €€ YACTW CChiNka Ha NepByio
nybnukaumio B XXypHane obsa3atensHa.

NOPAOOK 3AKNIOYEHWA 0OrOBOPA U UIBMEHEHWUA EFO
YCNOBUIA

3aknioyeHnem [loroBopa co CTOpOHbl Pepakuun ssnsetcs
ony6nukoBaHue pykonucu fanHoro AeTopa B xypHane «Russian
Medical Visualization» 1 pa3meLleHune ero Tekcta B cett MHTep-
HeT. 3akntoyeHnem [loroBopa co CTOPOHbI ABTOPA, T. €. MOMHbIM 1
©€30roBopoYHbIM NpUHATUEM ABTOPOM YCNOBWiA [loroBopa, SBNsi-
eTcs nepefaya ABTOPOM PyKOMUCK 1 SKCMIEPTHOTO 3aKITIOYEHNS.

PELIEH3WPOBAHUE

Cratbu, NOCTyNMBLUKE B peaakuunio, 0653aTenbHO peLeHan-
pytotcs. Ecnun y pelieH3eHTa BO3HMKAKOT BOMPOChI, TO CTaTbs C
KOMMeHTapusMi peLieH3eHTa Bo3Bpaljaetcs AsTopy. [atoi
NoCTYNneHus cTaTbi cuuTaeTca gata nonyyeHus Pepakunen
OKOHYaTENbHOrO BapuaHTa ctaTbu. Pepakuus ocTaBnsieT 3a
coboi NpaBo BHECEHNS PeAaKTOPCKUX UMEHEHWN B TEKCT, He
NCKaXatoLLMX CMbiCna cTaTby (MUTepaTypHas u TexXHonornye-
ckas npaBka).

ABTOPCKWE 3K3EMNNAPLI XXYPHANA

Pepakumns 0bs3yetcs Bbigath ABTopy 1 ak3emnnap XKypHa-
na c onybnmKoBaHHOM pyKonuCbio. ABTOPbI, NPOXMBalOLWe B
Cankt-lNeTepbypre, nonyyaoT aBTOPCKMi ak3emnnsp KypHana
HenocpeAcTBeHHO B Pepakumu. ViHoropogHum Astopam aBTop-
CKuiA ak3emnnap XypHana BbICbINAETCA Ha afpec asTopa no
3anpocy.
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194100, Cankt-MeTepbypr, JIutoBckas yn., 2
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